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Managing end-user participation for the adoption of digital
livestock technologies: expectations, performance,
relationships, and support
J. Schillingsa, R. Bennetta and D. C. Roseb

aSchool of Agriculture, Policy and Development, University of Reading, Reading, United Kingdom; bSchool of
Water, Energy, and the Environment, Cranfield University, Cranfield, United Kingdom

ABSTRACT
Purpose: End-user participation is often encouraged to promote
the uptake of Digital Livestock Technologies (DLTs). However,
managing participation during DLT development can be
challenging. We explore how participation decisions can impact
end-users’ engagement and attitudes towards the process, before
suggesting strategies for improved management of the
participation process.
Methodology: We explored the experiences of end-users (e.g.
farmers and farm assessors) and other stakeholders (e.g.
developers, researchers, industry) involved in the development
and testing of DLTs on UK farms, using semi-structured, in-depth
interviews (N = 31).
Findings: Participation can help develop technologies that better
align with users’ needs, promote learning, and encourage feelings
of ownership. However, participation can be a double-edged
sword. Inadequate levels of involvement, management of
stakeholder relationships and expectations, and available support
can negatively impact end-users’ engagement and attitudes.
Practical implications: Our study highlights the importance of
understanding how management decisions during the
participatory development of DLTs can influence the engagement
and attitudes of end-users towards the process.
Theoretical implications: The study contributes to the
participation literature in agriculture and demonstrates the
importance of using a critical lens to avoid making normative
assumptions that participation necessarily promotes uptake in a
linear, uncomplicated fashion.
Originality/Value: Participation is seen as key for technology
adoption. However, the potential downsides of participation have
received less attention in relation to the engagement of end-
users in the process.
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Introduction

As global population grows, so does global meat and dairy consumption (OECD/FAO
2021). Alongside this challenge is the growing concern over animal welfare, as consumers
increasingly care about the ways in which production animals are raised (Alonso, Gon-
zález-Montaña, and Lomillos 2020). However, meeting the needs of increasing numbers
of animals is becoming more challenging as the number of farmers declines. The poten-
tial of Digital Livestock Technologies (DLTs) is therefore increasingly highlighted, as
they are designed to help farmers improve livestock management. DLTs include a
wide range of technologies, from smartphone applications through to more sophisticated
Precision Livestock Farming (PLF) technologies which allow the continuous, automatic
and real-time monitoring of animals (Berckmans 2014). This includes heat or disease
detection, monitoring feeding behaviour and animal location using sensors, cameras
or even sound-based systems (Schillings, Bennett, and Rose 2021b). Farmers can track
changes in conditions or behaviour, allowing them to make timely decisions, thus
improving productivity, animal health and welfare, whilst limiting financial losses.

Studies suggest, however, that the adoption of DLTs is currently low in many places
(Gargiulo et al. 2018; Silvi et al. 2021). Adoption rates depend on factors such as farm
type, herd size, husbandry system or farmers’ age, education, and IT skills (Pierpaoli
et al. 2013; Gargiulo et al. 2018; Groher, Heitkämper, and Umstätter 2020). Adoption
factors include cost, performance, a lack of awareness about existing technologies, or
data privacy and interpretation (Borchers and Bewley 2015; Drewry et al. 2019; Silvi
et al. 2021). Many DLTs still lack accuracy and validation (Gómez et al. 2021; Larsen,
Wang, and Norton 2021; Stygar et al. 2021), which can affect farmers’ trust and attitudes
towards them (Schillings, Bennett, and Rose 2021a). Although factors influencing adop-
tion have been widely studied in the agricultural sector, less attention has been paid to the
ways farmers adapt to, and make use of these technologies (Eastwood, Chapman, and
Paine 2012; Rose et al. 2016).

Several models and concepts have been used to explain the process of technology
adoption by farmers, each identifying a range of farmer-centric, technology-centric,
and wider socio-political environment factors influencing adoption. These include the
Technology Acceptance Model (see Pierpaoli et al. 2013), the Triggering Change
Model (Kvam, Hårstad, and Stræte 2022), Normalisation Process Theory (Kaler and
Ruston 2019), and user readiness (McCampbell 2021). Rose et al. (2016) adapted the
Unified Theory of Acceptance and Use of Technology (Venkatesh 2003) to the use of
decision support tools in agriculture. They gathered the core factors that influence behav-
ioural intentions such as relevance to users, ease of use, and performance. These are
affected by modifying factors (e.g. age or IT skills). Facilitating conditions (e.g. inte-
gration into farmers’ workflows) and driving factors (e.g. satisfying legislative or
market requirements) directly influence uptake and use. These factors highlight the
importance of identifying farmers’ needs and adaptation challenges, particularly consid-
ering the complexity of some technologies.

Many systems are based on what developers consider priorities, focusing on a specific
area as a result of a ‘technology push’, meaning they are not always adapted to farmers’
needs (Lindblom et al. 2017). A lack of alignment with their expectations can cause them
to ignore the technology, even after it has been installed on-farm (Rotz et al. 2019). To
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avoid developing inappropriate technologies, adopting a co-design or farmer-centred
approach is increasingly encouraged (Kaler and Ruston 2019; Eastwood, Turner, and
Romera 2022). We note that there is a vast literature on user participation in technology
development across sectors and topic areas; here we build on previous studies that focus
on user participation in digital livestock technology design and implementation. From
the wider literature, we know that there is a wide spectrum of participation; from exten-
sive involvement of end-users in processes of co-production and co-design, where users
can shape projects and contribute knowledge, to much less involvement where users are
merely informed about or coerced into actions (see e.g. Arnstein 1969; Reed 2008; Bell
and Reed 2021). The same is true in agriculture where farmers or other end-users (e.g.
vets, agronomists) can be involved from the early stages of technology development or
at a downstream stage in prototyping, on-farm testing, or even at the point of scaling
(Kenny and Regan 2021; Eastwood, Turner, and Romera 2022).

Participatory approaches can help better identify farmers’ needs, reduce the risks of
overlooking the issues that farmers want to address and ensure that their tacit knowledge
is incorporated (Eastwood, Chapman, and Paine 2012; Ingram 2014). This can lead to
improved technologies, social learning, the development of a sense of shared ownership,
positive changes in perceptions towards decision tools, and increased adoption and adap-
tation (Jakku and Thorburn 2010; Hennessy and Heanue 2012; Valls-Donderis et al.
2014). Cooperation and communication with farmers are crucial for the success of inno-
vation systems, particularly during the testing and validation phases, where farmers act as
‘beta testers’ (Busse et al. 2015). Thus, participation can make a direct contribution to the
key factors influencing technology adoption by farmers (Rose et al. 2016).

More participation does not, however, necessarily mean better outcomes (Hoffmann,
Probst, and Christinck 2007; Neef and Neubert 2011). There are several challenges in
doing participation, including managing conflicts, identifying appropriate stakeholders,
and building trust (see Reed 2008). Strategies for participation include accepting the
differences between farmers and developers in terms of epistemologies and ensuring
that farmers’ experiential knowledge can be combined with the technology
(Hoffmann, Probst, and Christinck 2007; Higgins et al. 2017). It also means building
trust by ensuring that projects are sufficiently flexible and that developers understand
farmers’ priorities (Bruges and Smith 2007). In turn, this can help maintain farmers’
commitment and enthusiasm for a project.

Other challenges of participatory development exist: they can be costly, time-consum-
ing, and slow down development (Kerselaers et al. 2015). The ability of different stake-
holders to adapt to different opinions; aligning diverging interests and considering the
degree to which actors are involved, can be particularly difficult in co-producing inno-
vation (Klerkx and Nettle 2013). While restricting stakeholders to discussing technical
aspects and logistics may limit success, a balance must also be found in terms of the fre-
quency and nature of interactions between stakeholders to avoid ‘participation fatigue’
(Neef and Neubert 2011).

Building on previous studies, we use two case studies to explore how participatory
processes can influence the engagement and attitudes of end-users towards digital live-
stock technologies. We critically evaluate how the process of participation can be
managed appropriately to overcome potential pitfalls and use a critical lens from the
outset to avoid making normative assumptions that participation necessarily improves
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adoption outcomes in a linear, uncomplicated fashion. Though our case studies focus on
DLTs, our recommendations on how to manage end-user participation are likely to be
applicable to the development of other technologies across the agricultural sector.

Material and methods

A qualitative approach was used to obtain rich data on end-user experiences within the
context of the two case studies. Case studies allow the in-depth exploration of complex
phenomena that occur in real-life settings (Crowe et al. 2011). Here, the aim was to
understand how end-user participation can affect attitudes and engagement in participa-
tory processes. In our case studies, end-users were farmers (Case Study A) and farm
assessors (Case Study B) and we also included perspectives from developers, retailers,
and researchers involved in both. Ethical clearance was granted by the University of
Reading Research Ethics Committee.

Case study descriptions

Case study A: Cattle mobility and body condition scoring
Body Condition Scoring (BCS) and mobility scoring (MS) are measures that are often
included in cattle welfare standards due to their impacts on productivity and animal
welfare. These measures are usually taken by humans, introducing possible biases and
errors. Automating these measures can help reduce these risks while obtaining a
regular feed of information. Thus, a digital, vision-based system to monitor BCS and
MS in dairy cattle was developed by a private technology company and tested on 11
farms in the UK. Nine of them volunteered to test the system as part of a quality assur-
ance programme that had an interest to automate this data collection, whilst two others
were brought on board by the technology company to test the technology. The system
scores the cows each time they pass under the camera, which is placed above a race
(usually as they exit the milking parlour). This provides real-time data which can be
accessed online by participating farmers. All pilot farms volunteered to have the
camera installed and did not have to pay for its installation.

Case study B: Smartphone application
A smartphone application was developed by a UK research institute for the assessment of
emotional expressivity and well-being in farmed animals. It was licensed by a UK retailer
to assist with further development and testing and enable supply chain staff to assess
animals’ emotional wellbeing and better manage their quality of life. The application
can be applied to different livestock species (including cattle, poultry, pigs, sheep,
goats, and salmon), allowing farm assessors from different supply chains to conduct
assessments on animals’ emotional experiences. Assessments are based on customised
descriptive terminologies balanced for positive and negative emotional expressivity
that were developed participatively by key stakeholders (including farm assessors, veter-
inarians, farmers, and others e.g. supply chain directors). These include, for example,
terms like ‘playful’, ‘distressed’ or ‘relaxed’. This was guided by the lead researcher
who developed the method on which the application was based. After observing the
expressive demeanour of animals during farm visits, farm assessors score each descriptor
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using sliding scales. The application then integrates these scores through multi-variate
statistical analysis. This produces a graph locating visited farms in overall patterns of
animal emotional well-being. The graph can be used by assessors to make comparisons
between farms and to discuss with individual farmers how the emotional well-being of
animals on their farms may be managed or improved.

For convenience, we used the term ‘developers’ to include technology companies and
staff (e.g. technicians) involved in technology design and development. The terms ‘stake-
holders’ and ‘participants’ are used interchangeably to include all people involved in the
case studies, while the term ‘users’ include those using the technologies (i.e. farmers and
farm assessors).

Semi-structured interviews

In-depth, semi-structured interviews were used to obtain detailed accounts of partici-
pants’ experiences while ensuring that the discussions addressed our research questions.
The interviews were conducted by the first author, using topic guides adapted to each
stakeholder (Table 1). Two rounds of in-depth interviews were conducted for case
study A. The first round involved the initial 11 farmers and was conducted before
they were using the technology. The interviews took place between August 2020 and
May 2021 and were held for 46 min duration on average, via the phone or using video
conference software (e.g. Microsoft Teams) to remain in line with the COVID-19 pan-
demic restrictions in the UK at the time. Discussions revolved around general attitudes
towards DLTs, adoption, and expectations about the trialled technology. Due to compat-
ibility issues, or some farmers having sold their cows during the project, the second
round of interviews was conducted with nine of the 11 farmers, in addition to two tech-
nology developers and a stakeholder working for a farm assurance scheme organisation
involved in the project. To the author’s understanding, the technology developers, who
were developing the software and hardware, did not have a specific farming background

Table 1. Topic guide used to conduct semi-structured in-depth interviews.
Discussion details Theme

Introduction to research topic Introduction
Aims of the study
Confidentiality reminder

Participants’ roles General information
Involvement in the project
Aims of the project and technology

Experience with technology Frequency of use
How it works
Experience of implementation
Data use
Attitudes towards the technology

Participation Experience of being involved
Facilitating conditions (communication, feedback, support)
Benefits
Challenges and impacts
Lessons learned

Perspectives and conclusion Use of DLTs within the wider industry
Impacts on stakeholders e.g. farmers, consumers, animal welfare
Confidentiality reminder
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but were involved in farming-related projects for several years. These were held for
53 min duration on average, using the same platforms, between March 2022 and April
2022. Discussions revolved around experiences implementing the technology, farmer
participation in technology development, communication with stakeholders, and atti-
tudes towards the technology.

The same topics were discussed with the stakeholders involved in the testing of the
smartphone application during a single round of interviews held in May 2022. The
lead researcher provided contact email addresses for 21 stakeholders of the retailer’s
supply chains who were involved in trialling the application and who were willing to
be contacted by the first author. Of these, 16 stakeholders involved in the testing of
the application and covering different species (cattle, swine, poultry and fish) including
farmers, farm assessors (some of them were also farmers themselves), supply chain direc-
tors and others involved in the project (e.g. project manager, coordinators) agreed to be
interviewed. Interviews were also conducted with the lead researcher. Interviews (N = 17)
were conducted using the same platforms and lasted 50 min on average.

Quotes from case study participants were used to support statements in the results and
discussion sections. For case study A, we identified farmers with ‘farmer 1’ to ‘farmer 11’,
and developers with ‘developer 1’ and ‘developer 2’. Due to the variety of participants in
case study B, the different stakeholders were identified with ‘participant 1’ to ‘participant
16’ for simplicity.

Qualitative data analysis

The interviews were recorded using a smartphone or software (e.g. Microsoft Teams)
recording options. The interviews were transcribed verbatim by the first author, which
allowed her to familiarise herself with the data (Braun and Clarke 2006). The data was
then analysed thematically. A qualitative data analysis software (NVivo 12) was used
for coding, guided by methods from Braun and Clarke (2006) and Ritchie (2014). An
initial thematic framework was produced, with themes and sub-themes covering the
aims of the study. Data were then coded into these themes, with new themes emerging
throughout the process. They were then sorted, and each theme was reviewed, sometimes
resulting in the deletion, or merging of themes. Data summaries were then produced for
each theme and interview, allowing to draw out key elements and underlying dimensions
that guided data interpretation.

Results

Approaches to participation

Our case studies sit in specific places on the spectrum of participation. In both case
studies, end-users were involved in the testing of the DLTs, although in case study B, par-
ticipants were involved at an earlier stage of method development, making use of the fact
that the application allows users to insert their own customised descriptive terms. Both
used a prototyping participatory approach, which aims ‘to observe user interactions,
detect potential failures, and refine the design towards an easy and appealing user experi-
ence’ (Steinke et al. 2022, 3). Here, both technologies were advanced prototypes, but not
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finished products. While using an advanced prototype means it is difficult for developers
to ‘backtrack’, it also allows exploration of operational aspects, new functionalities and
issues to solve (Cerf et al. 2012).

Case study A
A trial network of farmers was used to test the camera on their farms. Farmers’ involve-
ment was an important aspect of technology development according to the quality assur-
ance worker, who said: [w]e need farmers to be part of innovation projects like we have done;
from the start, to help co-develop it. Technical issues in addition to external challenges such
as the COVID-19 pandemic affected developers’ ability to visit the farms and delayed the
project by several months. Whilst the system was operational for two farmers, others were
not able to use the technology. Issues ranged from power and connectivity issues, hardware
and software adjustments, compatibility issues and unreliable data; leading technicians to
visit the farms on several occasions. During these visits, technicians ensured that farmers’
and animals’ routines were not interrupted by their presence. This was well received by
farmers, who described them as being very professional when out on farms. The need to
focus on addressing technical challenges and a lack of resources was seen as a barrier to
including farmers in early decisions. As one developer said:

It’s very little point in having a whole discussion about what farmers want if we are unable to
deliver it. (Developer 1)

They also added being wary about asking for too many opinions, thinking it could have
compromised development:

You have to be careful; too many cooks spoil the broth. If you have too many people inputting
things, you can end up making something that nobody is happy with. (Developer 1)

Developers were informing farmers and taking feedback individually as they went, such
as when out on farms. Farmers mentioned having attended a single meeting since the
installation, during which developers gave details about the issues encountered and
the steps taken to address them. Farmers were thus not able to share their experiences
with others throughout the project.

Initial training opportunities included informal, one-to-one demonstrations of how
the data platform worked, although further training was planned once issues were
sorted. Some farmers mentioned having experienced poor backup and a lack of com-
munication. One farmer stopped hearing from the company following changes made
on the farm. They said:

It was taken down and then we said, once we get the new exit race complete, you can come
back, and we can fit the cameras. But that never happened. (Farmer 5)

Another farmer mentioned the short notice developers had given them to organise the sta-
keholdermeeting, duringwhich they had been asked for a testimonial despite not being able
to use the system. They said ‘[t]hey were seriously running before they can walk’. (Farmer 6)

Case study B
Participation was also considered a key element by the lead researcher to keep users
engaged and to give them a sense of ownership. As the lead researcher said:
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It’s very important for me that (the method) is developed and trained participatively,
you know, that we work together with the farmers and the staff to develop the particular
terms.

They organised meetings for each supply chain, including farm assessors, farmers,
and other experts such as veterinarians. Participants were shown videos of animals
in a variety of environments to generate the descriptive terms they believed best
described the animals’ emotional expressivity. Following discussions, participants
selected and defined lists of approximately 20 descriptive terms per species to be
used during the assessments. During these sessions, participants were also invited
to provide feedback on the application and make suggestions for improvement.
Farm assessors were generally positive about the participation process and were
satisfied with the opportunities to provide feedback through regular stakeholder
meetings, during which they were also able to keep up to date with developments.
They had regular training opportunities, although external barriers such as the
COVID-19 pandemic meant that training was undertaken online. Participants were
also satisfied with the level of communication with the lead researcher and their
ability to guide and support them. However, some mentioned that more direct
contact with the application developers to obtain technical support would have
been beneficial.

Noting that the level of participation varied between case studies, we discuss the out-
comes of participation and how these impacted users’ engagement and attitudes towards
the participatory processes.

Impacts of participation

In both cases, participation had a positive impact on technology design, as it helped make
DLTs better aligned with end-users’ needs. There were also positive learning outcomes,
although feelings were mixed in case study A. Similarly, participation had varying effects
on users’ engagement in the process and on the confidence they had in the systems (both
positive and negative effects).

Improved alignment with users’ needs
The differences in terms of farm location, systems, and designs, allowed developers from
case study A to gain a breadth of experience that enabled them to make the technology
more reliable and applicable to different systems. As a result of user feedback, developers
believed they were able to move forward quickly and to better understand the challenges.
One developer from case study A said:

Because everywhere was different, we’re coming up with different problems on different farms,
which is exactly what you want; you want something that’s very varied so that you can address
all issues as and when they come. (Developer 2)

Farmers from case study A emphasised the need for the system to be integrated with
other farm management software, which developers had started to implement. As they
noted:

It’s not so much the technology working, it’s how it integrates with everything that you are
already doing (…) it has to integrate with our working day. (Farmer 4)
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Involvement of the different stakeholders in the development of the application (B)
helped to ensure that the descriptive terms generated were in line with day-to-day obser-
vations on-farm and to develop an application that was practical, easy to use and easily
integrated. As an assessor said:

Farmers really are experts in their species (…) they’re around these animals every single day,
(their input) is really valuable to make sure that they we’ve got terms that work for the species.
(Participant 2)

Stakeholders from case study B also had opportunities to suggest new features to the
existing design which were discussed with the lead researcher and incorporated by
developers. This included a feature allowing to add more details to the assessments
such as weather conditions, time of the day, and other factors that could have an
influence on the assessments.

Learning outcomes
Case study B involved training sessions in which stakeholders were informed about the
assessment methodology and its technical representation in the mobile application. Fol-
lowing that, they were invited to discuss their understanding of different livestock
species’ behavioural and emotional expressions, and the potential relevance of the assess-
ment method for managing animal welfare on their farms. They then selected a set of
customised descriptive terms they considered suitable for their supply chain and assisted
with defining the meaning of each descriptive term. This process generated learning and
greater awareness of how and why animals behave in different ways. Working alongside
development also helped increase participants’ capacity to adapt to the system. One par-
ticipant said [W]hen you’re part of the concept, then you understand its application, I
suppose. (Participant 9).

In case study A, feelings around training opportunities were mixed, as while some
believed the technology was straightforward enough to understand, others felt that train-
ing did not allow them to make the most out of it. They said:

I mean, it’s not complicated to just click and find stuff I suppose, but there might be a whole lot
of things you can do on the website that I have no idea. (Farmer 9)

Another farmer was also critical:

It was like a two-minute whistle-stop tour (…) I knew so little about it; I had no inclination to
even try and learn. (Farmer 7)

According to developers, however, the technical issues they had encountered, the global
pandemic situation, and farmers’ lack of time made it challenging to organise training
sessions. Reflecting on this, a developer said:

I think there’s a bit of that hesitancy on our part; and farmers are always busy, so you
just grab 10–15 min with them and then they’re off to do whatever they were doing before
(…) I think there is a need to get everybody together to sort of go through it. (Developer
2)

They mentioned that some farmers were experiencing issues with the technology, but due
to the distance and travel restrictions caused by the pandemic, it was not always possible
to offer support. The same developer said:
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I think we could have dealt with that better. (…) Either pop out and deal with it or speak to
them over the phone or do it remotely. I guess with the pandemic and everything, that didn’t
help with travelling.

User engagement
The importance of end-user engagement was emphasised by several interviewees. A
farmer from case study A said:

You can have all the knowledge in the world, if you can’t engage your audience or your
customer (…) it’s pointless and hopeless. So that might be something for (companies) to
understand: how the farmers will perceive their product and will think about it.
(Farmer 4)

The same farmer discussed the stakeholder meeting during which developers gave infor-
mation about the development process. They said:

I didn’t appreciate how much work they have done to drive the product forward (…) having
had it explained, I’m now fairly enthusiastic about it. (Farmer 4)

A developer of the camera technology (A) felt that participation had helped to build
relations with farmers:

I think it helped build relations because we were there quite often and we were quite slick and
we didn’t cause them too many problems, I hope. (Developer 2)

However, some farmers mentioned being disappointed by the developers’ approach and
pointed to a lack of communication and engagement, which impacted some farmers’
motivation and interest in the project:

I’ve no idea who they were. The only contact we’ve ever had was (the technician) who came
and installed the camera and fixed the technical problems, which is a strange way to run a
trial, isn’t it? (Farmer 2)

Some of them mentioned how they felt a lack of interest from developers in farmers’
experiences, which did not encourage them to make use of the technology. As a
farmer said, ‘[i]t was just like, well, if they’re not looking at it, I’m not looking at it’
(Farmer 7).

This lack of communication also affected another farmer’s attitudes towards develo-
pers. Whilst this farmer had an operational system and was satisfied with the technology,
this lack of support resulted in them being more likely to invest in the system if it came
from another firm.

Some farmers also mentioned the limited opportunities to discuss with other farmers,
which also affected their motivation to use the technology. The importance of feedback
from peers has been emphasised by a farmer, as it motivates them to make use of it. They
said:

A lot of farmers will take the opinion of other farmers (…) to see how they found it. Often,
farmers will have good little hints and tips on how to make the most of it. (…) Then, when
it comes on to your farm, you make a big effort to use it (Farmer 9)

Participation in the development of the mobile application (B) clearly helped one partici-
pant to feel more closely involved with the project team. They said:

10 J. SCHILLINGS ET AL.



When I was invited to this meeting, I actually laughed. But see, when I started to develop the
terms along with (the researcher) and the rest of the team, then I started to get better buy-in.
(Participant 14)

The ability to decide on the descriptive terms used in the app’s welfare assessments and to
provide regular feedback gave participants a sense of ownership and a desire for the tech-
nology to be successful. One of them said:

You feel (…) a slight sense of pride in actually being involved with it and wanting to kind of get
it to fruition. (Participant 2)

Yet, the fact that application users generally only had contact with the lead researcher led
some to feel distanced from technical support.

Confidence and attitudes towards DLTs
Technical performance during the participatory process was a source of positive and
negative impacts. A farmer involved in developing the camera was prepared for glitches
and set his expectations accordingly. They said:

I expected there to be a few problems along theway. I think if (…) it ran for absolutely bang onfirst
time, I would have been very, very surprised (…) So, I think it’s all been pretty good. (Farmer 8)

Confidence in technologies and trust in technology developers were important factors
which could be influenced during the process of participation. In case study B, the
process helped build trust between users and the lead researcher, and towards the
approach. One participant said, ‘[t]here was independent, scientific rigour and research
behind the process (…) that’s really why it appealed’ (Participant 15).

Prototyping is a process designed to identify flaws in a system and resolve them. But
there is a risk, which is relatively unacknowledged by the literature, that introducing a
flawed technology too early can negatively affect user confidence and attitudes towards
the technologies. A lack of accuracy and reliability such as when technologies engender
too many false positives can impact users’ confidence in a system and hence its use. As
one farmer said:

If you start crying wolf on a regular basis and it’s proven not to be reality, then the confidence
just goes (…) Inevitably, human nature means that you stop looking at it and using what it
can tell you. (Farmer 4)

Witnessing the challenges and changes over time also led farmers from case study A to
lose confidence in the technology. As one farmer said about body condition scoring:

[…] the drops were almost too big to be possible, losing a quarter of a condition score in two
days. So, with that you wonder, is the system right? (Farmer 6)

Another farmer mentioned how this loss of confidence affected uptake:

I gotta be honest, the longer it’s going on, the less confidence I’ve got in it, and the less likely I
am to probably want to purchase it. (Farmer 7)

Developers were particularly aware of the difficulties related to farmers not seeing
immediate results and mentioned facing a ‘big hill to climb’ (Developer 2) to gain their
trust back. One of them said:
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Farmers that have been on this trial will be the most difficult to make happy (…) Those guys
saw things not working, things breaking, people up ladders, or incorrect decisions because we
didn’t know what was right and what was wrong. (Developer 1)

Despite positive views held about the participation process in case study B, some
participants also came across technical challenges, including a lack of phone compat-
ibility or technical glitches (e.g. the application freezing or dropping out during its
use). They also expressed concerns about the application being publicised when tech-
nical issues still needed to be resolved, and about the uncertainty around the out-
comes of the project, such as how the data would be used. As a participant
mentioned:

I think it came out too quickly on (the media) (…) we hadn’t actually collected much data by
that point, and it was marketed, and we were like, right, we still don’t have a platform for
everything to go on (…) (Participant 10)

Another said: I think everyone’s frustrated that there’s a big push on that and it doesn’t
properly work. (Participant 4)

Discussion

End-user participation is widely promoted to increase the adoption of innovation (Reed
2008; Jakku and Thorburn 2010; Eastwood, Turner, and Romera 2022). Lessons from the
case studies highlight how participation can improve trust, technology design, motiv-
ation, and foster learning. Similar observations have been made in previous literature.
Involvement was shown to promote enthusiasm in a system, as well as trust and a
better understanding of its purpose (Oliver et al. 2017). In a study by Jakku and Thorburn
(2010), a participatory approach allowed farmers to gain trust and confidence in the
scientists involved in the project, even though they had initial reservations. Similarly,
Oliver et al. (2012) suggest that a benefit of co-constructing decision support tools is
the ability to establish trusting relationships with the farming community and improved
technology performance.

Aligning with users’ needs and expectations is another recognised benefit of partici-
pation (Carberry et al. 2002), and considering users’ expertise (e.g. integrating local
and tacit knowledge) is crucial for the development of agricultural innovations. By invol-
ving users with different perspectives and skills, participation can lead to more socially
robust end results and improved technologies (Jakku and Thorburn 2010; Lindblom
et al. 2017). Srinivasan et al. (2022) reported that including different user perspectives
allowed the enhancement of the relevance and legitimacy of an irrigation scheduling
tool for New Zealand pastoral farms. Similarly, co-designing a smartphone application
allowed the identification of users’ needs and technical solutions that helped develop
desirable features and functionalities (Kenny et al. 2021).

Enhanced learning outcomes are also a commonly mentioned benefit of participation
processes. Jakku and Thorburn (2010) developed a framework which highlights the
potential for decision support tools to act as boundary objects by facilitating communi-
cation and fostering co-learning among stakeholders involved in their development.
Learning is an integral part of the participatory processes both for researchers and
end-users, as they can share their thoughts and get a better insight into the decision
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problem being discussed (Kerselaers et al. 2015; Bruges and Smith 2007; Rossi et al.
2014).

Our study illustrates, however, that participation between developers and users can be
a double-edged sword. This is sometimes acknowledged in existing literature, although
often relegated in favour of an emphasis on constructing participatory frameworks. In
the following sub-sections, we explore these pitfalls further and discuss how participation
in technology development can be managed to overcome them. We acknowledge that
participation can play a key role in adoption, but four areas of consideration are required
in planning approaches (see Figure 1): (1) Level of stakeholder involvement, (2) Mana-
ging expectations, (3) Managing relationships, and (4) Support for learning.

Level of involvement
The extent to which end-users are involved in participation is an important factor to con-
sider. In case study A, the extent to which participants were involved was limited and
progress was not necessarily shared with farmers, who mostly interacted with tech-
nicians. Being mostly exposed to the issues and not being able to witness progress
could explain a loss of engagement. In case study B, there was a separation between
the application developers and users. Reflecting on the literature, higher involvement
is generally associated with better outcomes (Valls-Donderis et al. 2014); therefore, devel-
opers should be mindful of this when planning participation. However, a balance must be
found in terms of when and how to involve the right stakeholders (end-users plus e.g.
developers, retailers etc.), as well as how much information is shared with them.
‘More participation’, such as allowing users to be in direct contact with technology devel-
opers or involving farmers in discussions about their needs when developers are unsure
about being able to respond to their expectations, would likely be counter-productive. To
maintain enthusiastic participation, it has been suggested to ensure that end-users can

Figure 1. The identified key considerations for participation in technology development.
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control or shape the research agenda, which would give them confidence that the project
is aiming at reaching their goals (Bruges and Smith 2007). Fostering a good level of par-
ticipation also requires applying equal value to all sources of knowledge, taking the time
to understand user perspectives (Srinivasan et al. 2022), and feeding back to participants
how their input has shaped technology development.

Managing expectations
Though it is often assumed that early involvement of users is best, releasing a flawed tech-
nology into a use environment brought problems. In this study, technology failures had a
negative impact on users’motivation to use technologies and on the confidence they had
in them. In case study A, failures and the time taken to sort them resulted in some
farmers not trusting the data, and hence not making use of it. Similarly, technical
issues affected some of case study B participants’ willingness to use the technology,
despite a positive perception of the participation process and trust in its scientific credi-
bility. Whilst some participants were expecting issues to occur, technology performance
had a significant impact on their intention to use the technologies. This has been found
elsewhere, albeit at a slightly later stage in which farmers have already paid. Immature
technologies being sold to farmers impacted their confidence in Automatic Milking
Systems (AMS) and led to them decommissioning or reverting to conventional
milking (Eastwood and Renwick 2020).

Reflecting on their experiences, technology developers from case study A emphasised
the importance of managing users’ expectations and relationships. They suggested that
the optimism shown at the start of the project should be balanced to avoid users
feeling disenfranchised and becoming untrusting of the data if such excitement does
not transpire. Managing end-user expectations is indeed an important factor to avoid
frustration, which can be particularly challenging as these vary among stakeholders
(Oliver et al. 2017; Steinke et al. 2022). Steinke et al. (2022) note that the degree of com-
mitment, perceptions of the prototype and the time taken to see results are all aspects that
can lead to such frustration. To overcome this issue, they suggest that developers must be
honest about the nature of the process from the beginning and provide regular updates
about development. Clarity of expectations is also important, with a clear indication for
participants about time commitments (Oliver et al. 2017).

Managing relationships
Building trust, honesty, and managing relationships is important when using a participa-
tory approach (Bruges and Smith 2007), as is managing potential conflicts and flash-
points (Reed 2008). In case study A, while developers respected farmers’ workflows,
they also believed the tool was further down the line than it was. In addition to the
lack of stakeholder meetings, this created frustration. Some farmers also noted a lack
of communication, and the decisions taken by developers affected farmers’ perception
of developers’ understanding of farming (e.g. by giving them short notice to organise
meetings). Similarly, decisions to publicly promote the application in case study B led
to frustration in some users, since they were still encountering technical issues and
had doubts regarding the outcomes of the project. Ensuring that the stakeholders
involved in participation processes understand farming and the issues that farmers
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need to address is therefore key to building relationships, and so is the availability of
developers in terms of providing support and effective communication.

Support for learning
A lack of confidence in the data can impact the use of technology. In a study by Cerf et al.
(2012), farmers lacked confidence in the results of a decision support tool for crop disease
control, which resulted in them not being willing to change their farming practices.
While in case study A, developers appeared to have benefited more than participants
in terms of learning outcomes, most stakeholders from case study B mentioned having
learnt from the process. This was likely linked to the extent to which participants were
involved, with case study B participants having more occasions to share their thoughts
with others, in contrast with case study A where opportunities for co-learning were
limited.

Findings indicate the importance of having adequate support and training during pro-
totype testing of technologies. Case study B participants were generally satisfied with the
training and support provided, which helped them get a better understanding of the
application. However, some also reported frustration as communication with application
developers other than the lead researcher was limited. Training opportunities were less
well received by some farmers in case study A. This had an impact on their perception
of the participation process and the developers, particularly those with limited IT skills.

Ongoing training and support during on-farm testing is thus particularly important
for successful integration into daily routines, helping users efficiently interpret the data
(Busse et al. 2015). This was emphasised by Kenny and Regan (2021), who highlighted
farmers’ support on using the technology as important to not frustrate participants,
especially those with poorer IT skills.

Limitations

Whilst both case studies gave interesting insights into the experiences of stakeholders
involved in the testing of prototypes, participants’ input in the overall design of the
methods and technologies remained limited. In addition, the interviews were conducted
at early stages of technology use, and the qualitative nature of the study means that the
sample used does not allow to make generalisations. Thus, it would be interesting to
study these impacts in case studies that have used other approaches to participation
(e.g. user-centred design), conduct interviews at later stages to get a better insight into
users’ experiences, and with larger samples (and/or make use of quantitative research
methods). Finally, contact details for potential participants for case study B were pro-
vided by the lead researcher, introducing a possible bias regarding the attitudes of par-
ticipants towards the technology. However, those participants also reported issues with
and concerns about the development process, suggesting that this bias was minimal.

Conclusion

A variety of factors influence the adoption of DLTs. However, implementing technol-
ogies does not necessarily lead to long-term use. Often, adaptation to technologies and
suiting users’ needs and workflows is a challenge. To address this issue, participation
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in technology development is often promoted. However, the level of end-user involve-
ment, how relationships and expectations are managed, the performance of technologies
and the quality of the support and training provided can have an influence on users’ atti-
tudes and engagement in participatory processes. When these aspects fail, this can impact
participants’ engagement, create frustration, and impact confidence and motivation to
use technology, as well as trust in technology developers. In contrast, well-managed par-
ticipation processes have many benefits, as they allow tools to be better aligned with
users, promote learning, and facilitate adaptation. Finding the right strategies is therefore
important to promote technology acceptance and uptake. Future studies could make use
of larger samples or mixed methods approaches to better understand the pitfalls of par-
ticipation and refine those strategies further, including in the wider digital agricultural
technologies sector.

Acknowledgements

The authors would like to thank all the case study participants for their valuable contributions to
the study.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This work was part of a Ph.D. project at the University of Reading. The project was funded by the
Elizabeth Creak Charitable Trust.

Notes on contributors

Juliette Schillings is a PhD student at the University of Reading. She holds a BSc in Biomedical
Sciences from the University of Paris Descartes and an MSc in Process and Engineering in
Food and Environmental Sciences. She also studied an MSc in Applied Animal Behaviour and
Animal Welfare at the University of Edinburgh. Her research interests include animal welfare,
animal behaviour and digital agriculture.

Prof. Richard Bennett is Professor of Agricultural Economics at the University of Reading. He has
broad research experience across agriculture and food but with a particular research interest in the
economic, social science and policy aspects of animal health and welfare.

Prof. David C. Rose is Professor of Sustainable Agricultural Systems at Cranfield University. He
runs the Change in Agriculture research group, which explores how changes in innovation, tech-
nology, and policy affects people, production, and the planet. He is a Geographer by training with
previous positions at the University of Reading, University of East Anglia, UCL, and the University
of Cambridge.

Data availability statement

Not available due to industry confidentiality.

16 J. SCHILLINGS ET AL.



References

Alonso, M. E., J. R. González-Montaña, and J. M. Lomillos. 2020. “Consumers’ Concerns and
Perceptions of Farm Animal Welfare.” Animals 10 (3): 385–13. doi:10.3390/ani10030385.

Arnstein, S. R. 1969. “A Ladder of Citizen Participation.” Journal of the American Institute of
Planners 35 (4): 216–224. doi:10.1080/01944366908977225.

Bell, K., and M. Reed. 2021. “The Tree of Participation: A New Model for Inclusive Decision-
Making.” Community Development Journal 57 (4): 595–614. doi:10.1093/CDJ/BSAB018.

Berckmans, D. 2014. “Precision Livestock Farming Technologies for Welfare Management in
Intensive Livestock Systems.” Revue Scientifique et Technique de l’OIE 33 (1): 189–196.
doi:10.20506/rst.33.1.2273.

Borchers, M., and J. Bewley. 2015. “An Assessment of Producer Precision Dairy Farming
Technology Use, Prepurchase Considerations, and Usefulness.” Journal of Dairy Science 98:
4198–4205. doi:10.3168/jds.2014-8963.

Braun, V., and V. Clarke. 2006. “Using Thematic Analysis in Psychology.” Qualitative Research in
Psychology 3 (2): 77–101. doi:10.1191/1478088706qp063oa.

Bruges, M., and W. Smith. 2007. “Participatory Approaches for Sustainable Agriculture: A
Contradiction in Terms?” Agriculture and Human Values 25 (1): 13–23. doi:10.1007/s10460-
007-9058-0.

Busse, M., et al. 2015. “Analysis of Animal Monitoring Technologies in Germany from an
Innovation System Perspective.” Agricultural Systems 138: 55–65. doi:10.1016/j.agsy.2015.05.009.

Carberry, P. S., et al. 2002. “The Farmscape Approach to Decision Support: Farmers’, Advisers’,
Researchers’ Monitoring, Simulation, Communication and Performance Evaluation.”
Agricultural Systems 74 (1): 141–177. doi:10.1016/S0308-521X(02)00025-2.

Cerf, M., M.-H. Jeuffroy, L. Prost, and J.-M. Meynard. 2012. “Participatory Design of Agricultural
Decision Support Tools: Taking Account of the Use Situations.” Agronomy for Sustainable
Development 32 (4): 899–910. doi:10.1007/s13593-012-0091-z.

Crowe, S., K. Cresswell, A. Robertson, G. Huby, A. Avery, and A. Sheikh. 2011. “The Case Study
Approach.” BMC Medical Research Methodology 11: 100. doi:10.1186/1471-2288-11-100.

Drewry, J. L., J. M. Shutske, D. Trechter, B. D. Luck, and L. Pitman. 2019. “Assessment of Digital
Technology Adoption and Access Barriers Among Crop, Dairy and Livestock Producers in
Wisconsin.” Computers and Electronics in Agriculture 165: 104960. doi:10.1016/j.compag.
2019.104960.

Eastwood, C. R., D. F. Chapman, and M. S. Paine. 2012. “Networks of Practice for co-Construction
of Agricultural Decision Support Systems: Case Studies of Precision Dairy Farms in Australia.”
Agricultural Systems 108: 10–18. doi:10.1016/j.agsy.2011.12.005.

Eastwood, C. R., and A. Renwick. 2020. “Innovation Uncertainty Impacts the Adoption of Smarter
Farming Approaches.” Frontiers in Sustainable Food Systems 4 (24), doi:10.3389/fsufs.2020.
00024.

Eastwood, C. R., F. J. Turner, and A. J. Romera. 2022. “Farmer-Centred Design: An Affordances-
Based Framework for Identifying Processes That Facilitate Farmers as Co-designers in
Addressing Complex Agricultural Challenges.” Agricultural Systems 195: 103314. doi:10.1016/
J.AGSY.2021.103314.

Gargiulo, J. I., C. R. Eastwood, S. C. Garcia, and N. A. Lyons. 2018. “Dairy Farmers with Larger
Herd Sizes Adopt More Precision Dairy Technologies.” Journal of Dairy Science 101 (6):
5466–5473. doi:10.3168/jds.2017-13324.

Gómez, Y., et al. 2021. “A Systematic Review on Validated Precision Livestock Farming
Technologies for Pig Production and Its Potential to Assess Animal Welfare.” Frontiers in
Veterinary Science 8: 660565. doi:10.3389/fvets.2021.660565.

Groher, T., K. Heitkämper, and C. Umstätter. 2020. “Digital Technology Adoption in Livestock
Production with a Special Focus on Ruminant Farming.” Animal 14 (11): 2404–2413. doi:10.
1017/S1751731120001391.

THE JOURNAL OF AGRICULTURAL EDUCATION AND EXTENSION 17

https://doi.org/10.3390/ani10030385
https://doi.org/10.1080/01944366908977225
https://doi.org/10.1093/CDJ/BSAB018
https://doi.org/10.20506/rst.33.1.2273
https://doi.org/10.3168/jds.2014-8963
https://doi.org/10.1191/1478088706qp063oa
https://doi.org/10.1007/s10460-007-9058-0
https://doi.org/10.1007/s10460-007-9058-0
https://doi.org/10.1016/j.agsy.2015.05.009
https://doi.org/10.1016/S0308-521X(02)00025-2
https://doi.org/10.1007/s13593-012-0091-z
https://doi.org/10.1186/1471-2288-11-100
https://doi.org/10.1016/j.compag.2019.104960
https://doi.org/10.1016/j.compag.2019.104960
https://doi.org/10.1016/j.agsy.2011.12.005
https://doi.org/10.3389/fsufs.2020.00024
https://doi.org/10.3389/fsufs.2020.00024
https://doi.org/10.1016/J.AGSY.2021.103314
https://doi.org/10.1016/J.AGSY.2021.103314
https://doi.org/10.3168/jds.2017-13324
https://doi.org/10.3389/fvets.2021.660565
https://doi.org/10.1017/S1751731120001391
https://doi.org/10.1017/S1751731120001391


Hennessy, T., and K. Heanue. 2012. “Quantifying the Effect of Discussion Group Membership on
Technology Adoption and Farm Profit on Dairy Farms.” The Journal of Agricultural Education
and Extension 18 (1): 41–54. doi:10.1080/1389224X.2012.638784.

Higgins, V., M. Bryant, A. Howell, and J. Battersby. 2017. “Ordering Adoption: Materiality,
Knowledge and Farmer Engagement with Precision Agriculture Technologies.” Journal of
Rural Studies 55: 193–202. doi:10.1016/j.jrurstud.2017.08.011.

Hoffmann, V., K. Probst, and A. Christinck. 2007. “Farmers and Researchers: How Can
Collaborative Advantages Be Created in Participatory Research and Technology
Development?” Agriculture and Human Values 24 (3): 355–368. doi:10.1007/s10460-007-
9072-2.

Ingram, J. 2014. “Climate Change Impact and Adaptation in Agricultural Systems.” In Climate
Change Impact and Adaptation in Agricultural Systems, edited by J. Fuhrer, and J. Gregory,
253–270. Wallingford: CABI.

Jakku, E., and P. J. Thorburn. 2010. “A Conceptual Framework for Guiding the Participatory
Development of Agricultural Decision Support Systems.” Agricultural Systems 103 (9): 675–
682. doi:10.1016/j.agsy.2010.08.007.

Kaler, J., and A. Ruston. 2019. “Technology Adoption on Farms: Using Normalisation Process
Theory to Understand Sheep Farmers’ Attitudes and Behaviours in Relation to Using
Precision Technology in Flock Management.” Preventive Veterinary Medicine 170: 104715.
doi:10.1016/J.PREVETMED.2019.104715.

Kenny, U., and Á Regan. 2021. “Co-designing a Smartphone App for and with Farmers:
Empathising with End-Users’ Values and Needs.” Journal of Rural Studies 82: 148–160.
doi:10.1016/j.jrurstud.2020.12.009.

Kenny, U., Á Regan, D. Hearne, and C. O’Meara. 2021. “Empathising, Defining and Ideating with
the Farming Community to Develop a Geotagged Photo App for Smart Devices: A Design
Thinking approach.” Agricultural Systems 194: 103248. doi:10.1016/J.AGSY.2021.103248.

Kerselaers, E., E. Rogge, L. Lauwers, and G. Van Huylenbroeck. 2015. “Decision Support for
Prioritising of Land to be Preserved for Agriculture: Can Participatory Tool Development
Help?” Computers and Electronics in Agriculture 110 (1): 208–220. doi:10.1016/j.compag.
2014.10.022.

Klerkx, L., and R. Nettle. 2013. “Achievements and Challenges of Innovation co-Production
Support Initiatives in the Australian and Dutch Dairy Sectors: A Comparative Study.” Food
Policy 40: 74–89. doi:10.1016/j.foodpol.2013.02.004.

Kvam, G. T., R. M. B. Hårstad, and E. P. Stræte. 2022. “The Role of Farmers’ microAKIS at
Different Stages of Uptake of Digital Technology.” The Journal of Agricultural Education and
Extension 28 (5): 671–688. doi:10.1080/1389224X.2022.2046617.

Larsen, M. L. V., M. Wang, and T. Norton. 2021. “Information Technologies for Welfare
Monitoring in Pigs and Their Relation to Welfare Quality ®.” Sustainability 13 (692): 1–
23. doi:10.3390/su13020692.

Lindblom, J., C. Lundström, M. Ljung, and A. Jonsson. 2017. “Promoting Sustainable
Intensification in Precision Agriculture: Review of Decision Support Systems Development
and Strategies.” Precision Agriculture 18 (3): 309–331. doi:10.1007/s11119-016-9491-4.

McCampbell, M., et al. 2021. “Are Farmers Ready to use Phone-Based Digital Tools for Agronomic
Advice? Ex-Ante User Readiness Assessment Using the Case of Rwandan Banana Farmers.” The
Journal of Agricultural Education and Extension 29 (1): 29–51. doi:10.1080/1389224X.2021.
1984955.

Neef, A., and D. Neubert. 2011. “Stakeholder Participation in Agricultural Research Projects: A
Conceptual Framework for Reflection and Decision-making.” Agriculture and Human Values
28 (2): 179–194. doi:10.1007/s10460-010-9272-z.

OECD/FAO. 2021. OECD-FAO Agricultural Outlook 2021-2030. Paris: OECD Publishing.
Oliver, D. M., P. J. Bartie, A. L. Heathwaite, L. Pschetz, and R. S. Quilliam. 2017. “Design of a

Decision Support Tool for Visualising E. coli Risk on Agricultural Land Using a Stakeholder-
Driven Approach.” Land Use Policy 66: 227–234. doi:10.1016/j.landusepol.2017.05.005.

18 J. SCHILLINGS ET AL.

https://doi.org/10.1080/1389224X.2012.638784
https://doi.org/10.1016/j.jrurstud.2017.08.011
https://doi.org/10.1007/s10460-007-9072-2
https://doi.org/10.1007/s10460-007-9072-2
https://doi.org/10.1016/j.agsy.2010.08.007
https://doi.org/10.1016/J.PREVETMED.2019.104715
https://doi.org/10.1016/j.jrurstud.2020.12.009
https://doi.org/10.1016/J.AGSY.2021.103248
https://doi.org/10.1016/j.compag.2014.10.022
https://doi.org/10.1016/j.compag.2014.10.022
https://doi.org/10.1016/j.foodpol.2013.02.004
https://doi.org/10.1080/1389224X.2022.2046617
https://doi.org/10.3390/su13020692
https://doi.org/10.1007/s11119-016-9491-4
https://doi.org/10.1080/1389224X.2021.1984955
https://doi.org/10.1080/1389224X.2021.1984955
https://doi.org/10.1007/s10460-010-9272-z
https://doi.org/10.1016/j.landusepol.2017.05.005


Oliver, D. M., R. D. Fish, M. Winter, C. J. Hodgson, A. L. Heathwaite, and D. R. Chadwick. 2012.
“Valuing Local Knowledge as a Source of Expert Data: Farmer Engagement and the Design of
Decision Support Systems.” Environmental Modelling & Software 36: 76–85. doi:10.1016/j.
envsoft.2011.09.013.

Pierpaoli, E., G. Carli, E. Pignatti, and M. Canavari. 2013. “Drivers of Precision Agriculture
Technologies Adoption: A Literature Review.” Procedia Technology 8: 61–69. doi:10.1016/j.
protcy.2013.11.010.

Reed, M. S. 2008. “Stakeholder Participation for Environmental Management: A Literature
Review.” Biological Conservation 141 (10): 2417–2431. doi:10.1016/j.biocon.2008.07.014.

Ritchie, J., et al. 2014. Qualitative Research Approach : A Guide for Social Science Students and
Researchers. 2nd Edition. Washington, DC: SAGE Publications Ltd.

Rose, D. C., W. J. Sutherland, C. Parker, M. Lobley, M. Winter, Carol Morris, S. Twining, C.
Ffoulkes, T. Amano, and L. V. Dicks. 2016. “Decision Support Tools for Agriculture:
Towards Effective Design and delivery.” Agricultural Systems 149: 165–174. doi:10.1016/j.
agsy.2016.09.009.

Rossi, V., F. Salinari, S. Poni, T. Caffi, and T. Bettati. 2014. “Addressing the Implementation
Problem in Agricultural Decision Support Systems: The Example of Vite.net®.” Computers
and Electronics in Agriculture 100: 88–99. doi:10.1016/j.compag.2013.10.011.

Rotz, S., E. Duncan, M. Small, J. Botschner, R. Dara, I. Mosby, M. Reed, and E. D.G. Fraser. 2019.
“The Politics of Digital Agricultural Technologies: A Preliminary Review.” Sociologia Ruralis 59
(2): 203–229. doi:10.1111/soru.12233.

Schillings, J., R. Bennett, and D. C. Rose. 2021a. “Animal Welfare and Other Ethical Implications
of Precision Livestock Farming Technology.” CABI Agriculture and Bioscience 2 (1): 17. doi:10.
1186/s43170-021-00037-8.

Schillings, J., R. Bennett, and D. C. Rose. 2021b. “Exploring the Potential of Precision Livestock
Farming Technologies to Help Address Farm Animal Welfare.” Frontiers in Animal Science
2: 639678. doi:10.3389/fanim.2021.639678.

Silvi, R., L. G. R. Pereira, C. A. V. Paiva, T. R. Tomich, V. A. Teixeira, J. P. Sacramento, R. E. P.
Ferreira, et al. 2021. “Adoption of Precision Technologies by Brazilian Dairy Farms: The
Farmer’s Perception.” Animals 11 (12): 3488. doi:10.3390/ani11123488.

Srinivasan, M. S., R. Measures, A. Fear, and G. Elley. 2022. “Making the Invisible Visible: Co-
Learning Guided Development of an Operational Tool for Irrigation management.”
Agricultural Water Management 264: 107492. doi:10.1016/j.agwat.2022.107492.

Steinke, J., B. Ortiz-Crespo, J. van Etten, and A. Müller. 2022. “Participatory Design of Digital
Innovation in Agricultural Research-for-Development: Insights from practice.” Agricultural
Systems 195: 103313. doi:10.1016/j.agsy.2021.103313.

Stygar, A. H., Y. Gómez, G. V. Berteselli, E. Dalla Costa, E. Canali, J. K. Niemi, P. Llonch, and M.
Pastell. 2021. “A Systematic Review on Commercially Available and Validated Sensor
Technologies for Welfare Assessment of Dairy Cattle.” Frontiers in Veterinary Science 8:
634338. doi:10.3389/fvets.2021.634338.

Valls-Donderis, P., D. Ray, A. Peace, A. Stewart, A. Lawrence, and F. Galiana. 2014. “Participatory
Development of Decision Support Systems: Which Features of the Process Lead to Improved
Uptake and Better Outcomes?” Scandinavian Journal of Forest Research 29: 71–83. doi:10.
1080/02827581.2013.837950.

Venkatesh, V., et al. 2003. “User Acceptance of Information Technology: Toward a Unified view.”
MIS Quarterly: Management Information Systems 27 (3): 425–478. doi:10.2307/30036540.

THE JOURNAL OF AGRICULTURAL EDUCATION AND EXTENSION 19

https://doi.org/10.1016/j.envsoft.2011.09.013
https://doi.org/10.1016/j.envsoft.2011.09.013
https://doi.org/10.1016/j.protcy.2013.11.010
https://doi.org/10.1016/j.protcy.2013.11.010
https://doi.org/10.1016/j.biocon.2008.07.014
https://doi.org/10.1016/j.agsy.2016.09.009
https://doi.org/10.1016/j.agsy.2016.09.009
https://doi.org/10.1016/j.compag.2013.10.011
https://doi.org/10.1111/soru.12233
https://doi.org/10.1186/s43170-021-00037-8
https://doi.org/10.1186/s43170-021-00037-8
https://doi.org/10.3389/fanim.2021.639678
https://doi.org/10.3390/ani11123488
https://doi.org/10.1016/j.agwat.2022.107492
https://doi.org/10.1016/j.agsy.2021.103313
https://doi.org/10.3389/fvets.2021.634338
https://doi.org/10.1080/02827581.2013.837950
https://doi.org/10.1080/02827581.2013.837950
https://doi.org/10.2307/30036540

	Abstract
	Introduction
	Material and methods
	Case study descriptions
	Case study A: Cattle mobility and body condition scoring
	Case study B: Smartphone application

	Semi-structured interviews
	Qualitative data analysis

	Results
	Approaches to participation
	Case study A
	Case study B

	Impacts of participation
	Improved alignment with users’ needs
	Learning outcomes
	User engagement
	Confidence and attitudes towards DLTs

	Discussion
	Level of involvement
	Managing expectations
	Managing relationships
	Support for learning


	Limitations
	Conclusion
	Acknowledgements
	Disclosure statement
	Notes on contributors
	Data availability statement
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice


