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ABSTRACT

For successful development and adoption of technol-
ogy on dairy farms, farmers need to be included in the
innovation process. However, the design of agricultural
technologies usually takes a top-down approach with
little involvement of end-users at the early stages. Liv-
ing Labs offer a methodology that involve end-users
throughout the development process and emphasize the
importance of understanding users’ needs. Currently,
exploration of dairy farmers’ technology needs has been
limited to specific types of technology (e.g., smartphone
apps) and adult cattle. The aim of this study was to use
a Living Lab approach to identify dairy farmers’ data
and technology needs to improve herd health and inform
innovation development. We conducted 18 focus groups
with a total of 80 dairy farmers from Belgium, Ireland,
the Netherlands, Norway, Sweden, and the United King-
dom. Data were analyzed using Template Analysis, and
6 themes were generated representing the fundamental
needs of autonomy, comfort, competence, community
and relatedness, purpose, and security. Farmers favored
technologies that provided them with convenience, fa-
cilitated their knowledge and understanding of problems
on farm, and allowed them to be self-reliant. Issues with
data sharing and accessibility and usability of software
were barriers to technology use. Furthermore, farmers
were facing problems around recruitment and manage-
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ment of labor and needed ways to reduce stress. Control-
ling aspects of the barn environment, such as air quality,
hygiene, and stocking density, were particular concerns
in relation to youngstock management. Overall, the find-
ings suggest that developers of farm technologies may
want to include farmers in the design process to ensure a
positive user experience and improve accessibility. The
needs identified in this study can be used as a framework
when designing farm technologies to strengthen need
satisfaction and reduce any potential harm toward needs.
Key words: precision livestock technology, decision
support tools, user-centered design, dairy farmers,
responsible innovation

INTRODUCTION

Farmers are being increasingly encouraged to adopt
technologies by government and the media to improve
the economic, environmental, and social sustainability
of dairy farms (Lovarelli et al., 2020; Barrett and Rose,
2022). To ensure sustainability of the dairy industry, it
is necessary to improve efficiency and reduce milk pro-
duction costs on farms (Britt et al., 2018), which may
be achieved through adoption of technologies (Kelly
et al., 2020; Parikoglou et al., 2022). Technology is an
umbrella term that includes higher-tech and lower-tech
technologies, as well as new ideas or mindsets (Barrett
and Rose, 2022). Some examples of technologies used on
dairy farms include automatic milking systems, automat-
ic feeders, activity sensors, and estrus detection systems
(Costa et al., 2021). Most technologies are data-driven
and use algorithms or changes in data signals to detect
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events (Occhiuto et al., 2022), which are usually aimed
at aiding the management of adult dairy cows (Kleen and
Guatteo, 2023). In Europe, dairy farmers are more likely
to adopt technologies than other livestock farmers (Gro-
her et al., 2020), and farms with larger herd sizes tend to
adopt more technologies (Abeni et al., 2019). However,
a large proportion of farmers still do not adopt technolo-
gies (Gabriel and Gandorfer, 2023; Palma-Molina et al.,
2023). Furthermore, data-capture technologies (e.g.,
activity and rumination sensors) and technologies that
are not related to milking practices (e.g., automatic calf
feeders) have particularly low adoption on farms (Groher
et al., 2020; Palma-Molina et al., 2023).

One reason for the lack of adoption of some technolo-
gies is that the design of agricultural technologies usu-
ally takes a top-down approach with little involvement of
end-users at the early stages of development (Rose and
Chilvers, 2018). The actors (e.g., scientists, designers,
and engineers) involved in designing agricultural tech-
nologies tend to design them based on their own values
and normative assumptions, which can result in uneven
adoption of innovations by farmers (Bronson, 2019).
Designers tend to focus on the benefits that technologies
can bring to farms. However, technologies can also cause
harm, including displacement of the agricultural work-
force and marginalization of certain (usually smaller)
farms (Gardezi et al., 2022). These harms are often not
presented in media or policy sources (Lajoie-O’Malley
et al., 2020; Barrett and Rose, 2022; Mohr and Hohler,
2023).

This lack of engagement with end-users has led to a
call for a Responsible Innovation approach to develop
farm technologies (Bronson, 2019, Fielke et al., 2022),
including in the dairy industry (Eastwood et al., 2019).
A Responsible Innovation approach acknowledges that
innovators should be responsive to the social and ethical
challenges of research and innovation through an interac-
tive process with stakeholders (Fielke et al., 2022). Key
dimensions of Responsible Innovation are the anticipa-
tion of potential consequences, responsiveness to societal
needs, the inclusion of relevant stakeholders throughout
the development process, and being reflexive about moti-
vations and assumptions (Rose and Chilvers, 2018; East-
wood et al., 2019). A Responsible Innovation framework
has previously been used to assess to the development
of dairy technologies in New Zealand (Eastwood et al.,
2019). The authors identified a lack of participatory or
user-centered design approaches in previous technology
development projects and recommended using these ap-
proaches to implement Responsible Innovation of dairy
technologies.

Living Labs offer a methodology for developing in-
novations while achieving Responsible Innovation goals
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(Van Geenhuizen, 2019; Gardezi et al., 2022). Living
Labs have been defined as “a user-centric innovation
milieu built on every-day practice and research, with
an approach that facilitates user influence in open and
distributed innovation processes engaging all relevant
partners in real-life contexts, aiming to create sustainable
values” (Bergvall-Kéareborn et al., 2009a, p. 3). It is a
co-creative approach, which involves stakeholders at all
stages of development. The innovation is developed in
iterative stages by incorporating co-produced knowledge
from multiple stakeholders through multiple methods
(Almirall et al., 2012). There are different types of Liv-
ing Labs, of which FormlIT is one of the most developed
(Stahlbrost and Holst, 2012). FormIT Living Labs have
3 stages (concept, prototype, and innovate), which each
have 3 phases (explore, design, and evaluate). This paper
focuses on the concept stage, which aims to understand
users’ needs to develop a concept for an innovation. The
concept stage of the Living Lab is the most important
for innovation development as this is the stage where
users can make the greatest impact because they can
set the focus of the design (Stédhlbrost and Holst, 2012).
Therefore, the foundation of Living Labs is to understand
users’ needs in the concept stage before developing an
innovation (Bergvall-Kareborn et al., 2009b; Bergvall-
Kareborn and Stéhlbrdst, 2009).

Needs relate to overall goals, motivations, and desires,
and tend to be broader and less influenced by trends com-
pared with technical requirements (Patnaik and Becker,
1999). For example, a technical requirement could be to
add password protection to a device, whereas the cor-
responding need would be for security. The Living Lab
approach to collecting information on users’ needs is
influenced by 3 theoretical streams: Soft Systems Think-
ing, which recognizes the value of plural points of view
(Checkland, 2000); Needfinding, which values looking
for needs rather than solutions (Patnaik and Becker,
1999); and Appreciative Inquiry, which gives emphasis
to positive idea generation over negative problem identi-
fication (Armstrong et al., 2020). The theoretical basis of
Living Labs is therefore to generate needs through creat-
ing rich narratives with the intended users to identify op-
portunities for concept development (Bergvall-Kareborn
et al., 2009b). This calls for the use of qualitative ap-
proaches to explore users’ experiences, motivations, and
future goals. In this paper, the 3 theoretical streams of
Living Labs were used as a lens for designing the qualita-
tive data collection method, for example, by shaping the
questions included in the discussion guide.

It can, however, be challenging for users to articulate
their needs through direct questioning. Instead, research-
ers can identify users’ needs from the dialog the users
produce regarding their experiences, goals, and motiva-
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tions (Bergvall-Kéreborn et al., 2009b). To aid identifi-
cation of users’ needs, Desmet and Fokkinga (2020) have
produced a typology of fundamental needs, which aims
to be used as a repertoire for human-centered design. It
includes 13 fundamental needs and 52 subneeds. Some
examples of the fundamental needs include comfort (i.e.,
having a simple, easy life), competence (i.e., exercising
skills and knowledge), and purpose (i.e., having a life
with meaning). To determine users’ needs in this paper,
the needs typology was used as a coding template for an-
alyzing the qualitative data. Overall, users’ needs can be
generated by using the theoretical foundations of Living
Labs to collect data on users’ experiences, motivations,
and goals, and then applying the data to a fundamental
need typology (Bergvall-Kareborn et al., 2009b).

Many studies have investigated factors that affect
adoption of technologies and adoption rates on dairy
farms (Hennessy and Heanue, 2012; McDonald et al.,
2016; Abeni et al., 2019; Groher et al., 2020; Silvi et
al., 2021; Bianchi et al., 2022). Fewer have investigated
farmers’ experiences of using technology (Hartung et al.,
2017). These studies do not usually aim to understand
dairy farmers’ technology needs and tend to focus on the
implications of technology on human-animal interaction
and work practices (Schewe and Stuart, 2015; Butler and
Holloway, 2016; Tse et al., 2018; Lundstrém and Lind-
blom, 2021). One study did investigate farmers’ needs
for a smartphone app, which focused on a later stage of
tool development where the initial concept was already
established (Kenny and Regan, 2021). There is potential
to involve farmers during earlier stages of development
so that they also have input into the initial generation of
concepts for tools and technologies.

Despite the availability of several precision livestock
technologies to monitor dairy calves (Costa et al., 2021),
previous studies on dairy farmers’ experiences of tech-
nologies appear to only include technologies for adult
dairy cows (e.g., automated milking systems) (Schewe
and Stuart, 2015; Lundstrom and Lindblom, 2021).
Research suggests that calves tend to have a marginal
status on dairy farms due to their lower perceived value
(Enticott et al., 2022, Palczynski et al., 2022). The estab-
lishment of technical and support structures is required
for more appropriate calf care (Palczynski et al., 2022).
Thus, farmers may have different needs in relation to
youngstock management.

Using a Living Lab methodology, we wanted to gain
a broad perspective on farmers’ needs around farm tech-
nologies and data so that we could develop technological
concepts that could fulfill these needs. Therefore, the
aim of this study was to understand dairy farmers’ needs
for data use, technology use, and disease management.
We also aimed to include perspectives of technologies
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for both adult cows and youngstock to achieve a more
holistic understanding of farmers’ needs.

METHODS
Study Context

This study was conducted as part of the DECIDE proj-
ect (https://decideproject.eu/), which aimed to develop
data-driven support tools to aid with disease control and
management in cattle, pigs, poultry, and salmon (van
Schaik et al., 2023). The tool development process used
the FormIT Living Lab methodology (Bergvall-Kareborn
and Stahlbrost, 2009). The FormIT Living Lab had 3
stages: concept, prototype, and innovate. These stages
each had 3 phases: explore, design, and evaluate (Figure
1). This study represents part of the explore phase of the
concept stage, which aimed to explore and understand
users’ needs.

The study was carried out in 6 European countries:
Belgium, Ireland, the Netherlands, Norway, Sweden,
and the United Kingdom. The focus groups conducted
in Belgium were with farmers from the Flanders region,
which is the Flemish-speaking part of the country. Table
1 shows that herd sizes in Norway are typically much
smaller than the other countries, which is due to the to-
pography of the land. Herd sizes in the United Kingdom
tend to be larger than the other countries.

In Norway, tiestall housing is common (Hansen et al.,
2022). All cows in Sweden, and tiestalled cows in Nor-
way, are required by law to have access to outdoors areas
during the summer months (van den Pol-van Dasselaar et
al., 2020; Karlsson et al., 2023). The winter housing pe-
riod depends on how north the farm is located. Pasture-
based dairy production is dominant in Ireland and the
United Kingdom (March et al., 2014; Kelly et al., 2020).
However, some farms in the United Kingdom house cows
24 h/day (March et al., 2014). In Belgium and the Neth-
erlands, the situation is more variable, with an estimated
30% to 95% and 65% to 85% of cows having access to
grazing, respectively (van den Pol-van Dasselaar et al.,
2020). Cubicle housing is common in the Netherlands
(EFSA Panel on AHAW et al., 2023).

Concept
stage

« Explore
+ Design
+ Evaluate

User needs

Prototype
stage

* Explore
+ Design
+ Evaluate
~

User requirements

Figure 1. FormIT Living Lab stages.

Innovate

stage

* Explore
« Design
» Evaluate

)

User experience
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Table 1. Average dairy herd sizes in the 6 European countries where focus groups were conducted; average herd size is measured as the number of

dairy cows

Dairy Average
Country farms (n) herd size Data collection year ~ Reference
Belgium (Flanders) 4,991 69 2020 BCZ (2022)
Ireland 15,973 103 2022 O'Brien (2022)
Netherlands 14,046 113 2022 CHSS (2022)
Norway 6,655 31 2022 Norwegian Agricultural Agency (2022); TINE (2022)
Sweden 2,895 106 2022 Swedish Board of Agriculture (2022)
United Kingdom 11,900 160 2018 (number of farms) Uberoi (2021); AHDB (2022)

2021 (herd size)

Study Design in veterinary epidemiology. She has research experience

We used focus groups as the data collection method
for this study because we wanted to understand a wide
range of perspectives and experiences with technologies
and farm management (Braun and Clarke, 2013). Focus
groups allow the participants to interact with each other by
sharing and comparing their views and experiences, which
can reveal more than individual interviews (Morgan,
1997). We conducted the research within a critical realist
paradigm. This acknowledges that people’s perceptions of
reality are socially constructed, but reality exists indepen-
dently of human activity (Braun and Clarke, 2021a). In
other words, the focus groups provide us with the farm-
ers’ perceptions of their reality, and biological, social, and
material structures will help to shape these perspectives.

Ethics Approval

The study was approved by the ETH Zurich Ethics
Committee (application: EK 2021-N-224). Participants
provided written, informed consent by completing a
form.

Researcher Characteristics and Reflexivity

Author CD was involved in the study conceptualiza-
tion, project management, conducting focus groups in
the United Kingdom, analyzing the data, and writing the
draft of the paper. She is female, has a PhD in veterinary
epidemiology, and is a research fellow. She has an un-
derstanding of livestock farming from her PhD work and
is experienced in qualitative research. She is British and
does not have experience with farming in other countries.
Therefore, it was important to have discussions with
other authors who have experience with dairy farming in
other European countries when developing the study and
analyzing the data.

Author JK was involved in the study conceptualiza-
tion, project management, supervision, and reviewing
and editing the paper. She is a senior researcher at a Brit-
ish university and is a qualified veterinarian with a PhD
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with farmers in the United Kingdom and is experienced
in qualitative research.

The researcher characteristics of other authors are pre-
sented in the Appendix.

Sampling Approach

The aim of our sampling approach was to obtain a di-
verse sample of participants to capture a range of views,
and therefore we did not enforce an eligibility criterion
other than working on a dairy farm. Table 2 shows the
approaches to recruit participants to focus groups in the
6 countries. Most countries used a convenience sampling
approach, which means recruiting based on accessibility
and availability to the researcher. In Ireland, snowball
sampling was also used, where new participants were
recruited by previous participants. In Norway, a strati-
fied random sampling approach was used, where farmers
were contacted based on region and herd size. There were
differences in the way that farmers were compensated for
their time, and this was dependent on the normal com-
pensation standards of each institution in each country.

We used a pragmatic approach and the concept of in-
formation power to guide our sample size (Malterud et
al., 2016). Information power is an approach to determin-
ing sample size which is more theoretically coherent with
thematic analyses than the more commonly used data
saturation concept (Braun and Clarke, 2021b). Based on
our study aim, data collection method, analysis method,
previous experiences, and the diversity of the sample, we
anticipated that we would need 2 to 4 focus groups per
country. For example, we decided that we needed to have
more than one focus group for each country to ensure we
captured a diversity of experiences from each country.
However, we also needed to consider that the analysis
would not be able to reach sufficient depth if the sample
was too large. When assessing the transcripts, we judged
that the focus groups provided rich information because
the farmers appeared to feel comfortable discussing both
positive and negative experiences of data and technology
use, perhaps because technology use is not an accepted
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Table 2. Recruitment approaches for the dairy farmer focus groups in the 6 European countries for a study on farmers’ needs for technologies to

improve herd health performed in 2022

Country Recruitment approach

Belgium Convenience sampling. Participants were recruited by flyers, researcher networks, calls, and mailing lists. Farmers were reimbursed
with a calf blanket. The researchers had no prior relationship with the participants.

Ireland Convenience and snowball sampling. Participants were recruited through professional networks within Animal Health Ireland and
then asked to refer their peers. The researchers involved in this study had no prior relationship with participants.

Netherlands Convenience sampling. Participants were recruited through researcher networks, although the researchers had no prior relationship
with participants themselves. The participants received a €50 gift voucher as compensation for the time they spent in the focus groups.

Norway Stratified random sampling, taking into consideration herd size and Norway’s regions. Participants were initially contacted by email
and then by telephone. The researchers had no prior relationship with the participants.

Sweden Convenience sampling. Participants were recruited through researcher networks. A total of 18 cattle farmers were contacted by
telephone, and 6 alternative dates and time points for participation were suggested. Only one farmer declined. The participants were
offered 700 Sk (US$65) compensation for the time they spent in the focus groups.

United Kingdom Convenience sampling. Participants were recruited online through advertisements on social media, researcher networks, and mailing

lists. Farmers were reimbursed with a £40 (US$50) Amazon voucher for their time, apart from the first focus group. The researchers

had no prior relationship with the participants.

norm on dairy farms (Doidge et al., 2023b). Our final
sample included 18 focus groups with 80 farmers (Table
3). We believed that this sample had sufficient informa-
tion power to answer the research question.

Data Collection

The focus groups were conducted online using Mi-
crosoft Teams and lasted approximately 90 min. A topic
guide was used to guide the discussion on the subjects
of data and technology use and disease management in
youngstock. Because we wanted to collect information
on farmers’ needs using a Living Lab approach, the guide
was informed by the theoretical streams of NeedFinding
and Appreciative Inquiry (Patnaik and Becker, 1999).
Therefore, farmers were also asked about their goals for
the future of their farm and positive aspects of what cur-
rently works well on their farm (Bergvall-Kéareborn and

Table 3. Number of focus groups and participants for each country

Herd size range

Country Focus group  Participants (n) (cows)

Belgium 1 5 56-170
2 4

Ireland 1 5 74-216
2 5
3 4

Netherlands 1 6 40-125
2 3

Norway 1 5 20-96
2 2
3 6
4 2

Sweden 1 4 95-470
2 5
3 5

United Kingdom 1 5 50-1,000
2 5
3 3
4 6
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Stahlbrost, 2009). The discussion guide is available in
the Appendix. The focus groups were conducted in Flem-
ish, Dutch, Norwegian, Swedish, or English language.
Information about the dates and authors involved in fo-
cus group data collection is presented in Table 4.

All focus groups were audio-recorded, and most were
also video-recorded. The recordings were transcribed
verbatim. Because the researcher conducting the analysis
(CD) could only understand the English language, focus
groups that were conducted in Flemish, Dutch, Nor-
wegian, and Swedish were translated into English by a
translation company. All the translations were reviewed
by a second translator. The focus group transcripts were
read by CD, and any unclear wording was checked by the
authors who conducted the focus groups.

Data Analysis

Template analysis was chosen to analyze the focus
group transcripts because it is a method that can comfort-
ably handle larger qualitative samples and permits the use
of priori a themes (Brooks et al., 2015). This allowed us
to apply the design-centered needs typology to the data
from the focus groups. The coding process was supported
by the use of NVivo (NVivo qualitative data analysis
software version 12, QSR International Pty Ltd.). First,
CD familiarized herself with the transcripts by reading
them. Next, preliminary coding was conducted using
an initial coding template, which is available in the Ap-
pendix. This included coding to priori top-level themes
and second-level themes, which were derived from the
needs and subneeds of the design-centered needs typol-
ogy (Appendix Table Al; Desmet and Fokkinga, 2020).
Narrower codes were also developed, which represented
a third level. A coding template was developed, and dur-
ing a further round of coding, the template was modified.
For example, where information from the focus groups
did not adequately fit into existing codes, new codes and
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Table 4. Information about focus group data collection in 6 European countries in a study on farmers’ needs for

technologies to improve herd health performed in 2022

Country Moderators and assistant Focus groups date
Belgium J. Bokma, B. Pardon Aug. 2022—Sep. 2022
Ireland A. Burrell, N. Meunier, M. Guelbenzu-Gonzalo Aug. 2022
Netherlands A. Veldhuis, I. Santman-Berends Sep. 2022

Norway L. M. Anestad, P. Hopp Sep. 2022

Sweden J. Frossling, A. Ordell Mar. 2022

United Kindgom C. Doidge, L. Palczynski Dec. 2021-Jun. 2022

subthemes were developed and included in the template.
The a priori themes were removed from the template if
they appeared redundant. The themes of community and
relatedness were merged as codes overlapped. The tran-
scripts were coded with the new version of the coding
template, which was deemed to adequately reflect the
information in the focus group data. The final template
included 6 top-level themes and 19 second-level themes.
The template was discussed with the authors who con-
ducted the focus groups in each country. The farmers’
quotes in the results section are represented by an iden-
tifier that provided information on respondent number,
focus group number, and country. For example, respon-
dent (RES) 1 in focus group (FG) 1 in Belgium would be
represented as RES1, FG1, Belgium.

RESULTS

The final template with the 6 themes generated from
the analysis is presented in Figure 2. The themes rep-
resented the psychological needs of autonomy, comfort,
competence, community and relatedness, purpose, and
security.

Autonomy: Acting in Their Own Interests

This theme reflects farmers’ psychological need to be
in control of their actions and being able to make choices
that are not determined by others. It includes the sub-
themes of “data ownership,” “ability to make decisions,”
and “self-reliance.”

Data Ownership. First, farmers wanted to have the
ability to control how their data were used by others.
Farmers mentioned that they were reluctant to share data
because they did not know who would be using the data.
They were particularly concerned that data could be used
to the detriment of farmers. This was most common in
the Irish and UK focus groups:

It’s not entirely clear who has access to this infor-
mation and who should have it. There’s a bit of a
question mark, maybe over who does actually look
at this information... and there could be someone
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analyzing it from afar that maybe shouldn't be.
(RES2, FG2, Ireland)

In contrast, a farmer from Ireland mentioned that he felt
comfortable sharing data because he knew he was the
data owner:

[ think one thing that I feel is important and we 're
very fortunate in Ireland versus the rest of the world
when it comes to farmer data, the data is owned by
the farmer. I think that’s key. We don't want to get
into a position where this data gets owned by some
sort of military company or something like that.
(RES1, FG1, Ireland)

The following quote demonstrated how some farmers
thought that sharing their data should be beneficial for
farmers, for example, by generating an income:

This data is quite valuable and you are sharing it
with companies that they can make improvements
to the business from your data and I think, I don't
know maybe as farmers instead of somebody else
holding onto our data maybe there is a place for
farmers to make a bit of profit by sharing results
and things. (RES4, FG1, UK)

In summary, there were conflicting opinions on how
comfortable farmers felt about sharing their data. How-
ever, there was a mutual desire to be in control of their
data.

Ability to Make Decisions. Farmers appreciated tech-
nologies that could help them make informed decisions.
In general, farmers felt more empowered to make deci-
sions when backed up by evidence. For example, this
farmer from Belgium wanted to increase their use of
technologies to support their decision-making:

I am also a proponent to start using more and more
technology or digitization, to be able to extract
certain conclusions from that data, as a support
for making decisions in a company. (RES3, FG2,
Belgium)
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1. Autonomy - acting in their own interests
1.1. Data ownership
1.2. Ability to make decisions
1.3. Self-reliance
1.3.1. Not relying on staff
1.3.2. Not relying on technologies
1.3.3. Maintaining control as herd sizes increase
1.3.4. Workload management
2. Comfort — having an easy, simple life
2.1. Convenience
2.1.1. Accessibility of information
2.1.2. Easily identify cattle that need attention
2.1.3. Easily record information
2.1.4. Making farm practices more efficient
2.1.5. Integrating different sources
2.1.6. Practicality of technology
2.1.7. Technologies that are intuitive to use
2.1.8. Work flexibly
2.2. Overview and structure
2.2.1. Data overview
2.2.2. People management
2.2.3. Presenting useful outputs
2.3. Peace of mind
2.3.1. Trusting technologies
2.3.2. Reducing stress
2.4. Simplicity
3. Competence — exercising skills
3.1. Challenge
3.2. Environmental control
3.2.1. Housing ventilation & air quality
3.2.2. Outdoor is best
3.2.3. Reducing environmental contamination
3.2.4. Housing structure
3.2.5. Stocking density
3.2.6. Dealing with weather & seasonal changes
3.3. Knowledge & understanding
3.3.1. Value of tacit knowledge
3.3.2. Technology produces new knowledge
3.3.3. Technology provides knowledge of illness sooner
3.3.4. Information about unknown issues
3.4. Skill progression
4. Community & relatedness — having personal connections & social structures
4.1. Emotional support
4.2. Social harmony
4.2.1. Communicating with other farmers
4.2.2. Communicating with staff
4.2.3. Working with vets
4.2.4. Being in harmony with the public
4.3. To nurture and care for cattle
5. Purpose — having life with meaning
5.1. Life goals & direction
5.2. Meaningful activity
6. Security — feeling safe & minimizing risks
6.1. Conservation
6.2. Financial security
6.3. Social security

Figure 2. Final template of themes that represent dairy farmers’ tech-
nology needs.

Similarly, in the following quote, an Irish farmer dis-
cussed how technologies help farmers to make a decision:

They re all tools to help you in the running of your
business every day and to deal with the health from
the point of view of cows with an antibiotics, in-drug
milk retention, in-drug meals retention. These are all
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things that are a big aid to a farmer when he'’s mak-
ing decisions on a daily basis (RES3, FG1, Ireland)

It was also important to farmers that they could make
some decisions without needing to defer to other people,
such as their veterinarian. Guidelines acted as a way to
facilitate decision-making on farms:

I'm also not so familiar with the exact different
diseases in calves... If you could get some sort of
template... Some sort of guideline for when you are
alone facing a group that has diarrhea for example.
That it guides you in a direction on what may have
caused it. (RES3, FG3, Sweden)

Overall, most farmers had positive experiences with
technologies aiding their decision-making or believed
that adopting technologies could help with their decision-
making in the future, especially when they have to make
decisions alone.

Self-Reliance. The subtheme of self-reliance reflects
farmers’ need to depend on their own abilities and re-
sources rather than relying on others. First, farmers felt
that they could not always rely on the staff on their farms.
One of the reasons for this was because staff may be less
skilled in noticing problems on the farm:

This is particularly true in our case because we
also milk with different milkers. One milker, milks
five or six times a week, but also several students
milk once or twice a week. They do not see changes
in the cows and then it is a very useful tool. (RES6,
FG1, the Netherlands)

Although some of the farmers did not want to rely on
staff to manage their farm, they realized that they would
not be able to manage the workload on their own. Being
able to manage workload was important because it had
impacts on animal health:

There is the staff issue as well. An employee costs
money and at the same time you cannot manage
everything by yourself. (RES2, FG1, Sweden)

Many of the farmers mentioned that they had increased
their herd size or were planning on increasing the size
in the future, which meant that workload was likely to
increase. Technologies were seen to assist farmers with
larger numbers of cattle and stay self-reliant:

Sensor technology, I think is gradually becoming
indispensable. Herds are getting bigger so it’s a
tool that can assist you very well. (RES6, FG1, the
Netherlands)
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Although many farmers thought that technologies could
be useful on farms, they did not want to wholly rely
on technologies to make decisions on the farm. Farm-
ers mentioned a need for humans to be present for the
smooth running of farms:

You have to be present, and you need to remain
focused. To not relax, thinking that technology will
solve it all. This will always be a potential danger.
(RES2, FG3, Norway)

In summary, farmers did not want to rely on staff, but
they also had experienced increases in workload they
could not manage alone. They thought that technologies
could reduce workload but also did not want to fully rely
on technologies.

Comfort: Having an Easy, Simple Life

This theme reflects farmers’ psychological need for
having an easy life, rather than experiencing stress or
difficulties. It includes the subthemes of “convenience,”
“overview and structure,” “peace of mind,” and “sim-
plicity.”

Convenience. The subneed of convenience involves
making tasks or activities easy to carry out by reducing
the effort or time required to do so. The first aspect of
convenience relates to how accessible the data are. First,
farmers would like to access information from wherever
they are. They did not want to be constrained to a certain
place (e.g., computer office) to look at their data:

Now, there’s apps for all these. These are on my
phone. I could be traveling, I could be at a meeting
somewhere and I can go back and look at it. (RES1,
FG1, Ireland)

Farmers also mentioned that some information can be
difficult to access because of complicated login systems.
The following quote shows that having to input a user-
name and password can act as a barrier to using apps:

1 also think the livestock controller is a bit unwieldy
when it comes to logging into it. I end up using it
less because you need to get the password sent by
SMS. When I am inside the barn, you need to send
an SMS and get a code to log in. Then, I end up
not doing it, and you just sit there. (RES3, FGI,
Norway)

Farmers valued having accessible information that can

be easily shared with others who request the information
such as vets or supermarkets. This farmer in the United
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Kingdom describes how they use their software to pro-
vide a supermarket with information:

It does mean that when [supermarket] ask me how
many lame cows do you have or how many cases of
lameness did you have I could really just jump into
that and I can get the number very quickly. (RESI,
FGI, UK)

The second aspect of convenience was related to ease
of recording data. Many of the farmers struggled with
recording data accurately. For example, some farmers
found it difficult to manually enter data into computer
software:

Since my son is gone, I have put nothing like that
up in the computer. I write everything in the book.
1 might actually pay someone to do it because, just
the thought of even writing things in the computer,
I'm so slow and it would take me months to do it.
(RES1, FG3, Ireland)

Others found it difficult to record information in paper-
based records. Furthermore, the following quote shows
that paper-based records could easily get lost and were
seen as less practical:

They [staff] must write it [weights] down and it is
not always done, and you cannot track it over time
when it is just written on some paper somewhere. It

would be nice with some clever way to keep track of
the calves’ growth. (RES1, FG2, Sweden)

Technologies that automatically record information, such
as digital weigh scales, were seen as an option to im-
prove data recording on farms. They reduced the need for
farmers to write information down themselves:

So by investing in a new weigh crush we can then
track individual animal performance a lot better,
it’s got Bluetooth connectivity so it’s just beaming
straight to my phone that I'm speaking to you on
now, so nobody has to worry about writing anything
down and getting the wrong numbers (RESS, FG2,
UK)

A third aspect of convenience was ways to make farm
practices more efficient. Many of the farmers mentioned
that they lack time to perform youngstock management
practices. In particular, management and care of sick
animals took up a lot of farmers’ time. Thus, farmers
acknowledged a need to reduce the time required for
everyday tasks:
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Time is the biggest enemy yes, because in itself, pro-
viding drink to calves is not a big job. However, if
you have calves with diarrhea, then you have to run
4, 5 times to your calf pens. (RES1, FG2, Belgium)

Many of the farmers mentioned that technologies can
provide a convenient way of identifying problems with
cattle. This meant that farmers did not have to spend so
much time looking over their cattl,e and instead focused
their attention on checking cattle that have warning sig-
nals:

1 find that very important and yes, in our farm the
cows all have a collar on, with which the heat de-
tection and the activity is measured, but we can also
easily pick out cows that are less active. (RES3,
FG2, the Netherlands)

Farmers mentioned that data recording could become
more efficient if software and data from different sources
could be integrated together. For example, some farm-
ers noted that other people, such as vets, were recording
data about their farms. In some cases, the farmer did not
have access to the data and then must record the data
themselves. The following farmer gives the example that
they would like veterinarian records to be integrated with
their farm system to avoid the duplication of medicine
record data:

When I take a bottle or a package of something out
of the vets, I don 't understand how data can't auto-
matically show up on my end somewhere on some
database that it doesn't have to do away with these
prescriptions because I think they’re just a total
nightmare. (RESS, FG2, Ireland)

Some of the farmers suggested that the software that they
used took a long time to learn to use and adjust to. They
preferred to have technologies that were more intuitive to
use to improve efficiency on their farms:

Any management system or technology that you
have to switch to always takes a lot of energy and
time, so that was unpleasant. (RES3, FG2, the
Netherlands)

1 feel the challenge is that the more that comes, the
longer we must spend to familiarize ourselves with

things to be able to analyze and use the new tool.
(RES1, FG4, Norway)

The final aspect of convenience was that some technolo-
gies did not appear to be practical to use. One example
given by a few farmers was calving alert systems that
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ended up causing injuries to cattle, resulting in extra cow
care work:

1 struggled to put it on the tail. If it’s too loose, it
falls off, and if it’s too tight, it might affect the tail
circulation. I had a case of a too-tight tail leading
to an infection. We didn't amputate, but we had to
do many rounds of penicillin. Technically, it worked
well, but to put it on the tail was very difficult.
(RES1, FG2, Norway)

Another example was that computer software often
needed internet access, but some areas where cattle were
kept did not have this. In summary, farmers expressed the
need for several aspects of convenience including acces-
sible information, easy identification of cattle, easy data
recording, increased efficiency of farm practices, and
intuitive and practical technologies.

Overview and Structure. This subtheme covers the
need to format the large amount of information produced
on farms in a clear way. Farmers were collecting many
different types of data. Therefore, they valued tools that
could store information in one place in an organized way:

Like you no longer have a phone, you're walking
round with like, if you look back 20 years ago,
your mobile phone does more than your computer,
doesn't it? I can look at where the cows are going
tonight, what the grass is growing, the budgets, the
animal health records, whether she's bulling or not,
the weights, suppliers, invoices, all from a phone.
(RES3, FG3, UK)

Some farmers mentioned that they would forget histori-
cal information about their animals. Even if they wrote
information down in paper-based records, farmers may
not use this information at a later stage because it was
not easily accessible. Therefore, farmers also valued hav-
ing tools that allowed them to look back at individual
animals’ historical data so that they can improve their
decision-making:

Now with the app then, what I find is brilliant is, in
particular, you can look up your animal details. If
it’s a calf, you can look up to see is she 30 d old or
40 d old? Especially if you're thinking about sell-
ing, you don't have to be trying to work out, “Sugar,
she was born on the 3rd of February, it'’s the 3rd of
March. How many days is she”? It gives you too
straight away once you click on the animal. (RES2,
FG3, Ireland)

As farmers were collecting vast amounts of information,
there was a need to reduce this information into specific
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outputs. They found technologies such as computer pro-
grams useful if they could sort this information into clear
outputs that could be used to make decisions. The fol-
lowing quote shows how the Belgian farmer uses graphs
produced by computer software to decide when a cow is
in heat:

The computer says how much chance there is of a
rut, and then you can look at the graphs through
the program. If there is only a very small peak, we
do nothing. But if you see several peaks one after
the other, you can be sure that the cow is in heat.
(RES4, FG1, Belgium)

However, some farmers also mentioned that some tech-
nologies did not produce useful outputs. For example,
some software generated too many outputs or did not go
into the required level of detail.

People employed on farms also create a lot of data.
Farmers mentioned a need to have structured routines for
staff, especially if they employ large numbers, so that
this data can be used appropriately:

If you’ve got 10 members of staff, it can be prob-
lematic trying to keep everything all in a central

place so that everybody knows what'’s going on.
(RESS5, FG2, UK)

Furthermore, they would like to use this data as a way
to get an overview of the work that staff have done. This
Swedish farmer describes how they use an app to follow
and manage their employees’ routines:

Then you go in and follow your instructions and do
them, and you are almost clocked by when you start
your routine. I can go in and see that it was started
at eight in the morning and it was finished at nine,
and then they can start a new work-task. (RES2,
FG3, Sweden)

This subtheme therefore shows how farmers would like
to be provided with an overview of their data, presented
as useful outputs. They would also like an overview to
help with their people management.

Peace of Mind. This subtheme focuses on the different
levels of trust farmers have with the technologies they
use. Some farmers trusted the technologies that they
used. They felt that they could rely on the technology to
perform the required task:

Here anyway, we have a detection system around
the neck and the milking robots, and we can actu-
ally trust it blindly. (RES4, FG1, Belgium)
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A few farmers mentioned that technologies can make
data collection more objective and reduce mistakes in
data recording. Therefore, they thought that electroni-
cally recorded data were more reliable than paper-based
recorded data:

1 think it’s just that if you connect data electroni-
cally, you expect it to be more credible like EID
[electronic identification] on calves and weighing
them... it’s not very subjective. (RES3, FG3, UK)

However, others expressed having bad experiences with
technologies that did not work as expected. For example,
some farmers had issues with the sensitivity or specificity
of technologies that give them false alerts or inaccurately
measured temperatures. These farmers were less likely
to trust the outputs of the technology. This is exemplified
by the following quote, in which the farmer described
how they would be reluctant to use collars on youngstock
because of their experience with collars providing too
many warnings for their cows:

1 think you get a lot of warnings maybe, of cows,
to look at cows [from collars]. A lot of time you
couldn't find anything wrong with them, that you
just wouldn't want to be too sensitive to it, and
1’d say that’s maybe the danger with using them
in younger stock at some stage in the future, that
you could be running around checking animals left,
right, and center. (RES2, FG2, Ireland)

In summary, some farmers have had positive experiences
of technologies and therefore find them trustworthy. In
contrast, other farmers have had negative experiences,
which resulted in a lack of trust in technology. This can
be a barrier to technology adoption.

Simplicity This subtheme focuses on the user experi-
ence of technologies. Many of the farmers wanted tech-
nologies that were simple and easy to use. It was sug-
gested that the simplicity of entering information into a
system had a substantial impact on whether a technology
was used or not:

1 find user friendliness the most important regard-
ing the program you use. If you are unhappy with
the system, it’s not used, and none of the goals is
fulfilled. (RES1, FG2, Norway)

The most important thing is that the app is very
simple, in that case, that it is quick to enter that the
calf has had diarrhea. (RES1, FG3, Sweden)

The user interface was an important aspect of the usabil-
ity of software. A few farmers mentioned software that
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they enjoyed using because it were easy to navigate and
access different sections:

1 found with [software] it was very much like us-
ing one of my children’s toys, everything was bright
colors, so it made it easier to navigate. (RESI,
FG1, UK)

Therefore, this subtheme shows that user-friendliness
is important for the adoption and continued use of tech-
nologies on farms.

Competence: Exercising Skills and Feeling Capable

This theme focuses on farmers’ psychological need
for competence, which reflects their ability to exercise
skills, rather than feeling incompetent. It includes the
subthemes of “challenge,” “environmental control,”
“knowledge and understanding,” and “skill progression.”

Challenge. The subtheme of challenge reflects farm-
ers’ need to avoid farming without self-awareness,
sometimes called “farm blindness” (Mee, 2020). Farmers
suggested that it can become easy to normalize issues on
the farm such as mortality and morbidity rates:

Sure, you cannot get any better than zero dead
calves, for example, or zero diarrhea, or zero pneu-
monia, but you can still easily think like this: “This
is the way it is on my farm, and it’s pretty normal.”
But then it may not be at all common or normal to
have 10% diarrhea or 5% dead calves or whatever
you are at. (RES4, FG3, Sweden)

Therefore, farmers suggested ways to become more
self-aware of their farming performance. This was by
bringing a veterinarian or farm advisor onto the farm to
challenge current performance and suggest changes to
their practices:

It’s a new pair of eyes that sees the animals. You
might also discover some things you did not notice
before, like if their backbone is a little weaker, for
example. It’s easy to become blinded inside your
own barn sometimes. So, therefore, bringing in
somebody from the outside who says what's on their
mind is valuable. (RES5, FG3, Norway)

Another way was to take part in benchmarking where
farmers could measure their performance against other
similar farmers. Thus, farmers felt that they needed to be
challenged by veterinarians, advisors, or other farmers to
improve their farm.

Environmental Control. The subneed of environmen-
tal control was important for farmers, as the majority of
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them thought that the environment was a key cause of
disease in their cattle. However, they often felt they had
very little control over the environment. This subneed
was particularly relevant for the management of young-
stock.

Many of the farmers appeared to have problems with
the air quality of their youngstock housing. Some had
tried to address the air quality by attempting to improve
ventilation, for example by adding mechanical ventila-
tion or changing the barn structure. However, this did not
always solve the problems with air quality. Therefore,
some farmers suggested technologies to provide surveil-
lance of the youngstock environment so that they could
make management changes based on the environmental
outputs:

We have recently built a new barn for the calves,
that was in 2016, and that calf department we can
ventilate mechanically, but that is not quite perfect
yet, so to speak. It is often, or too humid, or too
drafty yes, it is difficult to control and therefore
we sometimes have a calf with pneumonia. (RES3,
FG2, the Netherlands)

Many of the farmers had increased their herd size but
had not adapted their youngstock housing to account for
this change. This led to high stocking densities in barns,
which farmers believed contributed toward increased
incidences of disease. Therefore, many of the farmers’
future goals for their farm were to build housing to
reduce stocking density and account for their herd size
increasing in the future:

The problem is a bit that we have too few calf pens,
too little vacancy causing the animals to come into
the pens too quickly. That'’s a problem that we still
have to work on a bit... we do notice that because
of the abundance in youngstock, that we have a bit
more problems then. (RES3, FG2, Belgium)

Stocking density could also cause hygiene issues on the
farms. Farmers were aware that bacteria and viruses
could be present in their youngstock housing and that
they needed to ensure good hygiene. However, many
farmers mentioned that their youngstock housing was
always in use and they did not usually have a time where
it was empty. Farmers believed this led to the buildup of
disease in their housing because they did not have the
capacity to thoroughly disinfect surfaces:

With calves in particular, like cleaning their sheds
out regularly and disinfecting them and trying not to
let it build up. It’s difficult if you don 't have enough
storage room for calves. (RES1, FG3, Ireland)
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Farmers also thought that changes in the weather were a
major cause of illness in their youngstock which they did
not have control over:

Respiratory [problems] probably is per change
of weather. A lot of the time if the weather turns
from maybe swapping about mild weather to cold
weather, or drafts in houses (RES2, FG1, Ireland)

Respiratory and gastrointestinal diseases were more
commonly developed in certain seasons. The following
quotes show that the most challenging season can be dif-
ferent depending on the farming context and country:

We do spring and autumn calving and we get it
worse off in the spring calving. So, the weather has
been quite weird at the moment. It’s gone from re-
ally hot, and it will go like freezing cold rain and
wind. (RES2, FG3, UK)

Usually in the autumn, or before Christmas there
is often also a bad period. (RES6, FG1, the Neth-
erlands)

It appeared that several farmers believed youngstock
performed better when they were kept outside rather than
being in barns. These farmers said that they experienced
less calf mortality and morbidity. To move to outdoor
rearing, farmers have had to adapt their practices, such
as housing calves in igloos or hutches. However, some
farmers suggested that they could not move to an out-
door system. For example, the temperature of Norwegian
winters meant it was not feasible to keep youngstock
outdoors:

Well, we have some calves outside and some in-
side. I see a difference between when, for example,
something is going on outside; it goes over more
smoothly. That climate is different, and that does
have its influence. (RES4, FG1, Belgium)

Some have chosen to move the calves outside, but I
live in an area where winters tend to get cold, so I
don 't see this as an option. (RES2, FG1, Norway)

In summary, many farmers felt a lack of control over their
environment for youngstock and wished to have tools
that could improve this control. They found it difficult
to deal with variable weather conditions and ventilation
quality and experienced challenges in relation to stock-
ing density and hygiene measures.

Knowledge and Understanding. Farmers often men-
tioned using the tacit knowledge they have gained through
experience to identify illness in their youngstock. They
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thought it was important to build and use this experi-
ential knowledge. This appeared especially important in
Norwegian and Swedish focus groups, but also came up
in most focus groups in the other countries:

Yes, you can see this if the next generation or the
next person learns from another person. Especially
considering the mating and things like that. It's
about seeing the signs and seeing their behavior.
You don 't learn this through observing and pressing
the keys of a computer. (RES1, FG4, Norway)

For example, in the following quote, a Swedish farmer
mentions the importance of “having an eye for animals”
(djuréga in Swedish). This phrase depicts the ability to
see and understand how the animals feel and what they
need (Doidge et al., 2023a):

You can see the disease the day before it is on its
way, and it is very important to tackle it. It’s about
having an eye for animals to learn to see the prob-
lem. To be able to catch the problem the day before.
(RESS, FG2, Sweden)

Sometimes farmers mentioned that they encountered
unknown issues on their farms which could take a long
time to identify the cause. One example was the use of
diagnostic tests to identify the causative agent of disease,
where it could take weeks to get a result. Therefore, farm-
ers suggested that they would like to have a tool that can
find problems on their farm and give farmers knowledge
of these problems so that they can act as soon as possible:

If you had pneumonia or something developing in
calves, there would be some way of helping you
to identify that you had a problem even if it was
a matter of taking a blood test, or a mucous test,
or something to identify what the exact problem is.
(RES1, FG1, Ireland)

Therefore, although farmers valued their tacit knowl-
edge, they also valued technologies that provided them
with knowledge that they would otherwise not have:

Apart from the cows’activity, it [heat detector] also
measures the rumination effect or the rumination
intervals. We, farmers, and humans would never
discover these things. We cannot maintain an over-
view. (RES2, FG3, Norway)

An example of a technology that provided farmers with
new knowledge was a colostrum refractometer to test the
quality of colostrum. Using the refractometer allowed
farmers to understand their colostrum quality based on
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a numerical threshold. Farmers used this information to
make changes to their management practices to improve
colostrum quality and manage the potential consequences
of low-quality colostrum if needed:

Probably what we find here is the refractometer,
just in terms of the colostrum management. God,
we 've learned so much about colostrum manage-
ment from using that. (RES3, FG1, Ireland)

Similarly, many of the farmers mentioned that they
would like to have knowledge of sick animals before
it is possible to identify the sickness through their own
tacit knowledge. A few farmers recollected positive ex-
periences with technologies they used that were able to
reveal signs of illness before it was visible to the human
eye:

Before you see it [illness] yourself, you usually al-
ready know, because of that collar and then we just
go there, quickly measuring temperatures, quarters,
just passing by to see if nothing is wrong. (RES3,
FG2, the Netherlands)

There's been three occasions where you’ve had an
animal that outwardly appears fine and weve had
the vets out to look at them because it’s showing
that they’re not eating it’s diagnosed DAs [dis-
placed abomasum] two or three days before you
would even see it on the cow (RES1, FG1, UK)

Overall, farmers valued their tacit knowledge of under-
standing when an animal was sick. However, they also
valued how technologies could provide them with new
knowledge or identify previously unknown issues so that
their understanding is enhanced.

Skill Progression. This subtheme focuses on how
farmers strive to continuously learn new skills to im-
prove their farm performance. Some examples given by
farmers include attending educational courses, watching
videos, and asking their veterinarian or advisor. The fol-
lowing quote shows how a Norwegian farmer employed
new practices because they attended some educational
courses on calf management:

During my time as a farmer, I have attended three
calf courses. I have learned quite a lot from these.
... L attended the last calf course six years ago. After
this, I implemented several measures, such as open-
ing the door to improve the air circulation, as well
as forming smaller groups and such. I feel these
courses have been quite valuable for me. (RES2,
FG1, Norway)
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Technologies could help farmers to follow their skill pro-
gression. It appeared that farmers enjoyed learning and
improving their skills:

It’s satisfying to see that you are improving. I find
this as a motivator. Logging into the cow control-
ler [Norwegian dairy herd recording system] to
see that measures have been implemented. It works
very well! (RES3, FG1, Norway)

Technologies could be improved by providing more sup-
port and training on how to use them. This would allow
more farmers to develop skills in using software and
technology:

As everyone says, they're [software company] ac-
tually getting better in supporting it. They re now
doing online videos on YouTube and that to help
farmers, will say go through how to put in things.
(RES4, FG3, Ireland)

In summary, this subtheme shows that farmers were mo-
tivated to improve their skills and monitor the resulting
improvements through technologies. To do so, farmers
required training and support facilities.

Community and Relatedness: Having Personal
Connections and Social Structures

This theme reflects farmers’ psychological need to feel
part of social groups and having warm relationships with
people and animals they care about. It includes the sub-
themes of “emotional support,” “social harmony,” and
“to nurture and care.”

Emotional Support. Many of the farmers suggested
that caring for cows and youngstock can be a stressful
experience. Sick animals put farmers under a lot of emo-
tional strain because of the increased physical workload
of caring, as well as the mental impacts of seeing animals
in pain or distress:

It’s just soul destroying when something like that
happens. It just affects your every thought and it
just drains you of energy. It has huge impact on
you mentally and physically when something like
that happens. The better you can keep at preventing
anything happening is just colossal. (RES1, FG3,
Ireland)

The following quote shows how some farmers perceived
that the farmers’ and animals’ wellbeing are connected:

If an animal is sick, the farmer is sick too. (RES4,
FG1, the Netherlands)
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Farmers indicated that they needed to focus on prevent-
ing diseases to avoid these stressful situations. For ex-
ample, one farmer in the United Kingdom (RES2, FG4)
had a goal of “keeping stress to a minimum for people
and animals” which he aimed to do by using technologies
and data to “highlight stress points.” Thus, this subtheme
highlights a need for emotional support for farmers, es-
pecially during disease outbreaks.

Social Harmony. This subtheme represents how farm-
ers would like to communicate with others to create a
shared understanding of their farm and relate to others.
For example, some farmers mentioned that it was impor-
tant to talk to other farmers as it represented an opportu-
nity to learn from other people who have had similar ex-
periences. This provides feelings of relatedness. Farmers
in different countries also mentioned that they enjoyed
participating in the focus groups because of this:

1 think the important thing is to get farmers to share
their stories, because if you look at farmers, they
love going to the discussion groups, they maybe love
picking up the paper and reading maybe a testimo-
nial on a farmer that had X, Y, and Z of a problem,
and how did he remedy it. (RES3, FG1, Ireland)

Farmers also suggested that there was a need for com-
munication between farm staff. Some farmers mentioned
that they had some communication issues on their farm
where staff do not carry out their required tasks:

Now we have some communication issues some-
times. If we are maybe two or three people who
take turns feeding the calves, then you need to get
everyone to write down when a calf does not eat, for
example. (RES3, FG3, Sweden)

A few farmers used apps to communicate with their staff.
This appeared to work well, as it allowed staff to know
what tasks each person has done and therefore work to-
gether in harmony:

We just had an app for all the staff who were on the

farm, so that jobs being done. We were able to click
in, or someone could be told to do something and so
then everyone knows that that'’s done by that person
or whatever. (RES1, FG3, Ireland)

Some of the farmers worked closely with their veterinar-
ian. For example, some had regular discussions or veteri-
nary visits:

I’ll be quick to make a phone call when I see that
it really is necessary, or I first discuss with the vet
like, “Look, is it necessary, yes or no”? If it is nec-
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essary, she’ll stop by, but I'll be quick to call, even
if it is just for a telephone talk and to ask advice.
(RES3, FG2, Belgium)

However, a few farmers did not talk to their veterinarian
very often. Instead, they only used the veterinarian when
there was a health problem on their farm:

I do use data, and I do discuss this also with my
feed advisor, not with the veterinarian. The vet is
for sick cows... I think the vet is too expensive for
that. (RES4, FG1, the Netherlands)

A few farmers noted that technologies could reduce ten-
sions between farmers and members of the public. One
example given by farmers in Norway was a technology
that provides virtual fencing, so they no longer have
to rely on physical fencing and gates to keep livestock
enclosed. This resolved the issue where members of the
public would leave gates open, which allowed cattle to
escape. Some farmers also suggested that they considered
consumers’ expectations when changing their practices
or building new infrastructure on their farm:

I think it’s [virtual fencing] the future, especially
for our general public. Many private fences go out
toward the public, and very few know how to do
fencing today. Usually, the animals are the ones to
go through them. (RES2, FG2, Norway)

Overall, this subtheme highlights that farmers wanted
to be in social harmony with their workers, the public,
and sometimes their veterinarian. They also liked to have
feelings of relatedness by communicating with other
farmers. Communication technologies helped farmers to
solve practical issues on the farm.

To Nurture and Care. This subtheme focuses on farm-
ers’ relationships with their cows and youngstock. Many
of the farmers appeared to enjoy working with cattle and
felt a personal connection to their animals. They had an
altruistic motivation to care for their cows. This included
ensuring cattle had the correct nourishment and were
clean and healthy. Some farmers suggested that using
data-capturing technologies and inspecting their data
helped them to feel closer to their animals. For example,
the farmer in the following quote mentioned that data
“protects” their animals:

What I find most with my data is that it really helps
protect your cows and your herd really. ...The best
part about being a dairy farmer to me is the cows
and the cows are basically everything to me and
1 will do whatever to make sure that they are the
number one really. (RES2, FG3, UK)
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Simultaneously, farmers were also motivated to care for
their cows through self-interest as this improved their
productivity:

If you want to raise calves well, they have to have
colostrum very quickly, and they have to be clean.
You have to give them love and then you get the most
beautiful results. (RES4, FG1, the Netherlands)

Therefore, being able to nurture and care for cows was
important for farmers, both for altruistic and self-inter-
ested reasons. Technologies and data can help farmers in
their caring of their animals.

Purpose: Having a Life With Meaning

This theme focuses on the psychological need of Pur-
pose, which reflects having direction and meaning in life.
It includes the subthemes “life goals and direction,” and
“meaningful activity.”

Life Goals and Direction. Many of the farmers had
ambitious goals where they would like to improve their
farm. Some examples include reducing mortality or mor-
bidity, improving breeding, and improving colostrum
quality. There was a suggestion that some tools could be
more future-oriented by allowing farmers to submit their
goals:

The Cow-control [dairy herd recording system that
provides analysis reports] is based on history all
the time. You should enter your goals, and then you
can see how you are doing. You only get the conclu-
sion. (RES2, FG2, Sweden)

Farmers can use data to provide direction on how to im-
prove the farm and allow progress to be mapped:

You can link up from a year to another, or you can
compare. We like to do stats, not big stats, but we
can just say, “Look, we only had whatever X% mor-
tality compared to the previous year,” or whatever.
1 think it’s nice to track, especially when you re try-
ing to improve your business and calf health or cow
health. It’s really good to make better decisions.
(RES3, FG3, Ireland)

Some farmers mentioned that it was important to high-
light what was working well on the farm, as this provides
a positive motivation. Often, data outputs focused on
negative aspects and problems:

1 think looking at it from positivity, if you add it in
there really that it’s actually to confirm that some
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of the changes you 've made work. Most of what you
got in there are negatives. Actually, some of the data
used is to confirm that you've done the right thing
rather than being a negative. (RES2, FG4, UK)

This subtheme therefore shows that farmers would like
technologies that provide a more goal-oriented approach,
which also highlight positive situations on the farm.
Meaningful Activity. Many farmers thought that data
collection can be a meaningless activity with no benefit
to them. Data were often collected but not used for man-
agement decisions. There was a need to turn data into
meaningful information with actionable insights:

1 feel that half of the data we collect ourselves is
useful. The rest of it I need to utilize when [ insert it
into KSL [Kvalitetssystem I Landbruket (a central-
ized database for quality assessment of agricultural
data)]. I feel that a lot of the data registered here is
completely meaningless, considering its value and
the actual management. (RES5, FG1, Norway)

There is no point in collecting a lot of data if you
don't know what to do with it, without any action
plan. (RES2, FG2, Sweden)

Some farmers also struggled to collect data. The farm-
ers needed some kind of motivation to collect data and
make decisions. For example, the following farmer was
motivated by preventing diseases in their animals:

Well, if you have a lot of sick animals, it gets
tricky....Well, you don’t want that so if you have
that motivation, you'll be better able to work pre-
ventively. (RES4, FG1, the Netherlands)

Therefore, this subtheme highlights that some farmers
were not motivated to collect or use their data. To be-
come motivated, they need a way to produce meaningful
information from the data.

Security: Feeling Safe and Minimizing Risks

This theme reflects farmers’ psychological need to feel
safe from harm and minimize uncertainties. It includes
the subthemes of “conservation,” “financial security,”
and “social stability.”

Conservation. The farmers mentioned 2 aspects of con-
servation. First, a few farmers talked about performing
practices to help with the environmental sustainability of
their farm. Some examples include conducting wildlife
reports, reducing fertilizer use, learning about regenera-
tion farming, and joining environmental schemes. A few
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farmers mentioned how collecting data on environmental
aspects could help them to understand how they can be-
come more sustainable:

We got a wildlife report done as well this year.
That’s the other thing that—just to see what species
of wildlife were on the farm and just plants and spe-
cies and a couple of things that maybe we could do
to improve basically. (RES1, FG3, Ireland)

Second, some of the farmers were concerned about anti-
biotic resistance and therefore aimed to conserve the use
of antibiotics. Farmers suggested that it was important to
keep accurate data on antibiotic use and animal health to
reduce their antibiotic use. Furthermore, some farmers
mentioned that they would like their data to be analyzed
faster, as they thought this could conserve antibiotic use:

We've been using selective dry cow therapy for 10
vears. Therefore, I think that we find the usage of
antibiotics quite important. (RES1, FG2, Belgium)

Environmental and antibiotic sustainability were there
important for some farmers. Collecting and using data
on these issues could help farmers to understand areas
where they could improve their sustainability.

Financial Security. The farmers made many financial
considerations around technology and management of
their cattle. There was a general need to keep animal
management practices at low costs, as farmers often have
low economic margins:

That will probably remain a goal, right, to keep
costs as low as possible in all areas. (RES4, FG2,
Belgium)

Farmers also considered the financial impact of disease
as illness has long-term consequences on the productivity
of cattle. Thus, there was a need to reduce the long-term
costs of disease outbreaks:

Yes, we find that any effect that a calf seems to get
from any type of a disease, it’ll have a huge knock-
on effect throughout their life. We find that they
don 't survive in herds long enough to actually start
paying back for the cost of actually getting them to
that point. (RES4, FG3, Ireland)

Finally, farmers also needed to consider the costs of in-
vesting in technologies. Some farmers suggested that it
can be difficult to see the return in investment as this
usually is not calculated. This was especially true for
youngstock as productivity losses or gains as a result of
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youngstock management practices may only be apparent
when they become adult cattle:

It [disease prevention] remains a cost item and you
always see it, but you don't see the yield. Yes, you
can see them, but you can't calculate them on paper.
(RES6, FG1, the Netherlands)

Overall, financial security was important for farmers be-
cause of their low economic margins. Thus, they needed
to consider the long-term impact of diseases and the
value of technologies.

Social Stability. The subtheme of social stability relates
to the predictability, reliability, and cohesion of society.
One social aspect of dairy farming which was not reliable
was employment on farms. Some farmers mentioned that
it can be difficult to find people to work on their farm.
This was particularly the case for farmers from Ireland,
Sweden, and the United Kingdom. Data-driven technolo-
gies, such as early warning systems, were seen as a way
of alleviating some of the labor issues:

1 presume we want to try and find ways of identify-
ing and eliminating them [diseases] at farm level,
because labor is becoming a major issue or has
become a major issue on Irish farms, so we need to
be in a position that we can avoid these problems.
(RES1, FG1, Ireland)

Sometimes farmers and service providers did not work
cohesively together because of different ways of working
or understanding. The following quote shows a conflict
between the farmer and artificial insemination service
provider. The service provider preferred a certain met-
ric, but the farmer thought that this metric did not suit
his farming system, so they changed service providers.
Thus, farmers want to work with people who have cohe-
sive values, and this can affect which technologies they
choose to adopt and use:

The farm owner has spent her life breeding these
animals in these families and then we 're starting to
move toward what [genetics company] wanted, they
wanted the smaller grazing type animals, yes that’s
great for the right system but for my system that
isn’t what we want, that’s not the cow we wanted.
(RES1, FGI, UK)

In summary, the 2 issues affecting farmers’ social stabil-
ity were the availability of labor, which was a driver for
technology adoption, and having conflicting values with
service providers, which was a barrier for technology
adoption.
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DISCUSSION

To the authors’ knowledge, this is the first study to
use a Living Lab methodology to generate dairy farmers’
needs of animal health technologies on farms. The study
was novel, as we included (1) farmers’ perspectives of
youngstock technologies, (2) perspectives of farmers
from 6 European countries, and (3) farmers’ perspectives
before the development of technologies. The findings
illustrate that farmers expressed a desire for tools that
fulfill the psychological needs of autonomy, compe-
tence, comfort, community and relatedness, purpose,
and security. Farmers liked to use technologies to help
them manage workload and labor, and to provide direc-
tion for their decision-making. Issues with data sharing
and accessibility, and usability of software were barriers
to technology use. For youngstock, there was scope for
technologies to improve farmers’ control of their farm
environment. The study also highlighted that Living Lab
methodologies may be useful for achieving Responsible
Innovation. These aspects are discussed further in the
following sections.

Having Direction

We show that setting goals and mapping progress against
these goals is important for farmers, which represents the
psychological need for purpose. Goal setting is a key
part of multiple behavior change theories such as Control
Theory and Goal-Setting Theory (Webb et al., 2010) and
is also a type of behavior change technique (Marques et
al., 2023). People use goals to undergo self-regulation to
reduce discrepancies between actual behavior and target
behavior. For goals to be influential, they need to be spe-
cific and of the appropriate difficulty (Locke et al., 1981).
Farmers may currently lack the opportunity to set formal
goals for their farms (Derks et al., 2012), and veterinar-
ians are often not aware of farmers’ goals (Shortall et al.,
2016; Sumner et al., 2018). The use of software which
allows farmers to set goals may increase veterinarians’
awareness of farmers’ goals and allow them to provide
tailored advice to achieve those goals.

Another way in which technologies provided farmers
with direction was by identifying areas that need atten-
tion on the farm. Farmers felt that technologies could
help them to make more informed decisions, which may
facilitate the prioritization of tasks for management and
care of youngstock and other cattle. Similarly, helping
with on-farm decision-making has been shown to be a key
reason for adoption of smartphone apps by dairy farmers
in Australia (Schulz et al., 2022). To aid decision-making,
technologies need to provide farmers with necessary out-
puts. However, our study suggests that there is scope to
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improve outputs to make them more relevant to farmers’
needs. Similarly, a study of German farmers indicated
that existing farm management information systems do
not provide solutions to farmers’ needs (Schulze Schwer-
ing et al., 2022). During the technology development
process, researchers should work with farmers to ensure
that the outputs produced are useful and relevant to their
decision-making activities.

Managing Labor Issues

We also show that farmers expressed a desire to have
tools and technologies that allow them to be less reliant
on other people, which represents the need for autonomy.
Increases in herd sizes mean that farmers can no longer
rely on family labor alone, yet the availability of rural lo-
cal labor in Europe has eroded over recent years (Rye and
Scott, 2018). This has led to uncertainty in the availabil-
ity of a workforce on farms and a lack of social stability.
Therefore, the need for autonomy is linked to the need
for security.

In particular, there is a need for a more sustainable
workload on dairy farms. Calf care is the second most
labor intensive task on dairy farms after milking (Hogan
et al., 2022). Farmers in our study suggested that tech-
nologies can help with this by enabling greater flexibility
in working hours, making some management practices
and decisions more efficient, and monitoring the impacts
of their decisions. Farms that have adopted technology
have been shown to be more labor efficient (Hogan et
al., 2023b). However, previous research also suggests
that technologies such as automatic feeding systems may
require greater labor input (Gleeson et al., 2008). There-
fore, the time-saving abilities of technologies should not
be assumed and need to be investigated further to provide
farmers with this evidence.

Farmers in our study indicated that better work orga-
nization required methods to facilitate communication
with, and management of, their staff. Indeed, a study
investigating time use on Irish dairy farms suggested that
farmers with effective work organization have shorter
working weeks due to the structure and standardization
of the working days (Hogan et al., 2023a). Technologies
can play an important role in creating routines, delega-
tion, and standardization of tasks on farms (Doidge et
al., 2023a). Thus, incorporating methods of commu-
nication and collaboration between staff members into
technologies may satisfy the subneeds of social harmony
and overview and structure. Some examples of achiev-
ing social harmony in farm technologies is the inclusion
of chatroom-style messaging to provide extra clarifica-
tion and color-coding to help prevent language barriers
(Doidge et al., 2023a).
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Environment Is Key for Youngstock

Our results suggest that the environment was a key
concern in relation to youngstock management. At pres-
ent, many farmers felt that they had little control over air
quality, the amount of wind in the stable, and temperature
changes. This had an impact on their perceived capabili-
ties to control disease and thus harmed the psychological
need for competence. The presence of drafts in pens is a
risk factor for respiratory diseases in calves (Lundborg
et al., 2005). Furthermore, environmental factors such as
weather can be a source of stress for farmers (Brennan
et al., 2022). Consequently, many farmers’ goals for the
future of their farm were related to improving housing.
Similarly, a survey of cattle farmers in the United King-
dom showed that housing, stocking density, and facilities
were the top areas for desired improvement (Baxter-
Smith and Simpson, 2020).

The farmers’ concerns around the control of the envi-
ronment tended to focus on their youngstock rather than
adult cattle. This may be because of the marginal status
of calves, where investing in the housing of the milking
herd is usually prioritized over that of youngstock (Palc-
zynski et al., 2021). Therefore, we were able to identify
a specific need for this age group, which highlights the
importance of including farmers’ perspectives of young-
stock technologies in the analysis.

Although technologies are available to help improve
and monitor the youngstock housing environment, they
are not routinely adopted on farms. For example, the
majority of surveyed UK dairy farmers did not measure
the environmental temperature of calf housing or use me-
chanical ventilation (Mahendran et al., 2022). Designing
the optimal youngstock housing is complicated because
farmers need to consider several factors including size
and capacity of the barn, natural ventilation, group sizes,
resting surfaces, and feed and water access (Nordlund
and Halbach, 2019). There is scope for the development
of technologies to aid farmers with decision-making
around changes to their youngstock environment.

User Experience

The identified psychological need of comfort high-
lights the importance of understanding and improving
user experience when developing farming innovations.
User experience is the way users interact with and expe-
rience a product or service. This includes the aesthetic
experience, emotional experience, and usability (Has-
senzahl and Tractinsky, 2006). The farmers in our study
stressed the need for simplicity when navigating apps
or computer programs. Similarly, Michels et al. (2019)
show that perceived ease of use was associated with the
intention to use smartphone apps for herd management,
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suggesting that app interfaces need to be as simple as
possible. Ease of use can be investigated through usabil-
ity testing such as task completion or think aloud studies
(Maramba et al., 2019). This would help to resolve cur-
rent barriers to using technologies, such as issues with
accessibility and practicality in the field.

The emotional experience when interacting with
technologies should also be investigated. Although tech-
nologies can improve farmers’ quality of life by allowing
greater work flexibility (Kenny and Regan, 2021), alerts
that provide knowledge of problems on the farm could be
a source of stress, which may harm the subneed of emo-
tional support. Instead, technologies can be developed to
elicit positive and reduce negative emotional states by
providing empathetic and positive messages (Howick et
al., 2018). Peoples’ actions are connected to their values,
desires, and needs. Therefore, there is a relationship be-
tween fulfillment of psychological needs such as security,
autonomy, and competence, and positive affect (Hassen-
zahl et al., 2010). One example in this study was that
farmers enjoyed communicating with other farmers, as it
provides a relatedness experience. Farmers are likely to
have a positive emotional experience with a technology
if they feel it fulfills their needs.

Data Sharing and Accessibility

Our findings show that farmers had concerns about
the ownership of their data, which can act as a barrier to
sharing and using data. Issues with data sharing, such as
a lack of transparency around what farm data are used
for, lack of benefits, and potential negative consequenc-
es, have been identified in previous studies (Jakku et al.,
2019; Kenny and Regan, 2021; Brown et al., 2022). Our
work builds on this by highlighting that the perceived
lack of data ownership harms the psychological need for
autonomy. Farmers’ willingness to share data depends on
the type of data being shared, what is done with the shared
data, and with whom the data are being shared (Zhang et
al., 2021; Brown et al., 2022). Thus, clear messaging is
needed about how farmers’ data will be used and whom
when designing technologies that use or produce data.

Implications for Innovation Design

Our study was part of the explore phase of the con-
cept stage of a Living Lab, which aimed to explore
and understand users’ needs. This method provided a
way of achieving the Responsible Innovation goals of
anticipation, inclusion, reflexivity, and responsiveness.
We suggest that innovators can be more responsive to
dairy farmers’ needs by considering the fundamental
psychological needs of autonomy, comfort, competence,
community and relatedness, purpose, and security when
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developing tools and technologies. Desmet and Fokkinga
(2020) recommend that innovators should consider how
their tool can (1) strengthen current needs, (2) introduce
new needs, and (3) reduce harmed needs. For example, a
data management tool may help farmers to achieve some
aspects of comfort by providing overview and structure
of their data. However, the tool may not have a simple
interface, and thus the simplicity could be strengthened
through redesigning the interface. An example of intro-
ducing new needs into a tool could be incorporating a
chat box into the data management tool to introduce the
need for social harmony.

Considering harmed needs and how to reduce them is
connected with the anticipation dimension of the Respon-
sible Innovation framework because developers have to
anticipate the potential negative consequences of their
technology (Rose and Chilvers, 2018). An example of a
harmed need is that some technologies do not provide
farmers with clear messages around the ownership of
their data and how they are used, which can have a nega-
tive impact on the need for autonomy. This harmed need
can be reduced through being transparent about data use
and sharing. Thus, we can consider the needs to increase
the positive impact and reduce the negative impact of
technologies.

By including farmers in the initial stages of technology
development, we can design tools that fit with farmers’
motivations and values, rather than using researchers’
own assumptions and motivations. The researchers in-
volved in the DECIDE project have already started re-
flecting on the results of the focus groups. For example,
they have decided to not progress with one of their initial
ideas for a calf rearing tool in Ireland due to farmers’
need for autonomy and the concerns they raised about
sharing sensitive data. Instead, they concluded that le-
veraging existing data sources and current information
flow in the national Irish Cattle Breeding Federation da-
tabase (Ballincollig, Ireland; https://www.icbf.com/) and
dashboards, which farmers currently have access to, are
familiar with, and find acceptable, has the potential for
further development with end-users’ input.

The next stage of tool development would be to get
researchers or developers of the technology to reflect on
farmers’ needs. To sensitize their tool or technology to
the needs of farmers, developers can use a needs empathy
map that includes the 6 fundamental psychological needs
identified in our study. A needs empathy map is a tem-
plate that includes a persona (i.e., an archetypical user),
questions about how the person thinks and feels, and a
section on the relevance of the psychological needs to the
persona (Krueger, 2022). Using personas allows tools to
be designed to match the needs of heterogeneous groups
(Pollmann et al., 2022). Thus, the next steps could be to
develop personas of typical users of the intended tool so
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that needs can be mapped for different types of farmers.
This would ensure that technologies are designed with
the intended users and their corresponding needs in mind.

We recommend that researchers who are aiming to de-
velop innovations responsibly could work with farmers to
understand their needs by using a Living Lab approach.
In particular, we suggest that information is collected on
farmers’ experiences, values, and desires before innova-
tion development by including questions about farmers’
future goals and what is currently working well on the
farm. We also recommend that the design-centered needs
typology is a useful tool for identifying user needs from
the information that has been gathered. The needs typol-
ogy provided a shared language for researchers (Huang
and Desmet, 2023), which meant that researchers devel-
oped a common understanding of what farmers’ needs
were. This is important for communication and collabo-
ration between interdisciplinary teams.

Study Reflections

The focus groups were held online, which may restrict
farmers who are less knowledgeable about technologies
from taking part in the study, thereby affecting our study
sample. Each focus group had between 2 and 6 partici-
pants, which may be a smaller group size than usual.
However, we felt that the smaller group sizes allowed the
participants to provide rich descriptions of their experi-
ences and opinions while still being able to have group
interaction where they shared and compared with others
(Morgan, 1997, 2016).

Our study aimed to inform the development of tools
for farmers, and many of the authors are involved in the
development of these tools. Therefore, this study ad-
opted a pro-innovation perspective, where we believed
technologies could provide solutions to problems on the
farms. Many problems on farms are highly complex so-
cial, political, and ethical issues (Doidge et al., 2023a),
and the notion that these can be solved by technological
innovations may be too simplistic (Guthman and Butler,
2023). However, farmers do sometimes use technologies
to alleviate complex problems. For example, in our pre-
vious study, which employed a more critical perspective
of technologies, we showed that farmers in Sweden used
technologies as a contingency for when they lack skilled
farm workers or to aid communication where language
barriers exist between workers (Doidge et al., 2023a).
Thus, these technologies helped farmers to achieve the
needs of social stability (security) and social harmony
(community and relatedness). We do not suggest that
technologies will solve all of the needs mentioned in this
study. Instead, we suggest that these needs are kept in
mind when attempting to develop technologies for dairy
farms.


https://www.icbf.com/
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This study aimed to understand farmers’ needs for
technologies. Therefore, we did not specifically investi-
gate factors that influence farmers’ decision-making for
adoption of technologies. Several studies have shown
that farmers’ decision-making is influenced by the indi-
vidual farm context, such as the husbandry system (Gro-
her et al., 2020) and herd size (Gargiulo et al., 2018),
as well as farmer characteristics such as age (Drewry
et al., 2019) and lack of knowledge (Martinez-Garcia et
al., 2015).

CONCLUSIONS

We analyzed data from focus groups from 6 countries
to understand dairy farmers’ needs for farm technologies
for adult cows and youngstock. Farmers expressed needs
of autonomy, comfort, competence, community and
relatedness, purpose, and security. Issues around data
sharing and the accessibility of information need to be
considered during technology development. Help with
social problems such as workload, labor efficiency, and
communication were key areas where technologies could
facilitate need fulfillment. Ability to control the environ-
ment was a particularly important issue in relation to
youngstock. Furthermore, farmers would like technolo-
gies that provide them with direction such as goal setting
and identifying areas that need attention. We suggest that
our Living Lab approach helps to achieve Responsible
Innovation goals by including farmers at the beginning
of the innovation process, and allowing researchers to be
responsive to farmers’ needs, anticipate potential harmed
needs, and begin to be reflexive about their own assump-
tions.
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APPENDIX
Researcher Characteristics and Reflexivity

Lise Marie Anestad (DVM) is a cattle health expert
at the Norwegian Veterinary Institute (As, Norway). She
is a female researcher with experience in cattle health
surveillance and clinical experience from working as a
cattle practitioner. At present, she is also working on a
PhD where she is researching bacterial respiratory patho-
gens in Norwegian dairy and beef calves.

Alison Burrell (C.Psychol) is a chartered health psy-
chologist with a doctoral-level practitioner qualification
in health psychology from the British Psychological
Society (Leicester, United Kingdom). At the time of
the study, she was employed at Animal Health Ireland
(Carrick-on-Shannon, Ireland) as a health psychologist,
is female and has experience in conducting qualitative
research in human and animal health settings.

Jenny Frossling (DVM, PhD) is a senior epidemiolo-
gist at the Swedish Veterinary Institute (Uppsala, Swe-
den) and associate professor affiliated to the Swedish
University of Agricultural Sciences (Skara, Sweden).
She is a female researcher with expertise in veterinary
epidemiology and animal health surveillance. She has
been educated in social science research methodology
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for use in veterinary epidemiologic research and has been
involved in previous focus group studies in Sweden.

Laura Palczynski (PhD) is a livestock project manager
at Innovation for Agriculture (Stoneleigh Park, United
Kingdom), an independent knowledge exchange orga-
nization in the UK. Her interests are in animal welfare,
calf rearing and knowledge exchange. She has previous
experience in conducting semi-structured interviews and
focus groups.

Bart Pardon is male and is a professor in large ani-
mal internal medicine from Belgium. He has a PhD in
Veterinary Medicine, is a diplomate of the European
College for Bovine Health Management (Ghent Univer-
sity, Merelbeke, Belgium), and is a veterinarian (Ghent
University).

Jade Bokma is female, has a PhD in veterinary sci-
ences, and is a research fellow at Ghent University (Bel-
gium). She is Dutch, but obtained her master’s degree in
veterinary medicine (specialization ruminants) at Ghent
University (Belgium). Therefore, she has understanding
of the Belgian livestock farming system.

Luis Pedro Carmo (DVM, MSc, PhD, Dip.ECVPH) is,
at the time of writing, a senior researcher at the Norwe-
gian Veterinary Institute. He is a male researcher with
experience in epidemiology, animal health and surveil-
lance. He has also conducted inter- and transdisciplinary
research and has an interest in integrated approaches to
health.

Petter Hopp (DVM, PhD) is a senior epidemiologist
at the Norwegian Veterinary Institute. He is a male re-
searcher with experience in animal health epidemiology
with a focus on surveillance.

Maria Guelbenzu-Gonzalo is a veterinarian with a PhD
in bovine viral diarrhea control by Queens University,
Belfast (Belfast, Ireland). At the time of the study she
was employed at Animal Health Ireland as the program
manager for the bovine viral diarrhea and infectious
bovine rhinotracheitis programs. She is female and has
extensive experience in dealing with industry stakehold-
ers and participating in research projects.

Natascha Meunier is a veterinarian with a PhD in epi-
demiology and is a diplomate of the European College
of Veterinary Public Health. At the time of the study, she
was employed as a program manager at Animal Health
Ireland. She is female and has experience with qualita-
tive research in animal health settings.

Anna Ordell (DVM) is a female veterinarian and
PhD-student at the Swedish Veterinary Institute. She has
experience from veterinary practice and farm advisory
service with focus on calf health and disease manage-
ment in dairy farms.

Inge Santman (MSc, PhD) is a senior scientist and head
of the epidemiology department at Royal GD (Deventer,
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the Netherlands). She is a female researcher with wide
experience in epidemiological research in cattle, mostly
focused on epidemiology, monitoring and surveillance,
and preventive animal health.

Gerdien van Schaik (MSc, PhD) is the coordinator
of the DECIDE project and is a professor at Utrecht
University (Utrecht, the Netherlands) and a senior re-
searcher at Royal GD. She is a female researcher with
experience in epidemiology, animal health economics
and surveillance.

Discussion Guide

Imagining an ideal future (20 min; asterisks indicate
the most important prompts to ask during the focus
groups)

Take a moment to think about your ideal future farm
and how technology can play a role in cattle health and
welfare. Set your imagination free—don’t worry about
what is possible or not possible in the real world. Us-
ing Mentimeter, please write down some end-goals you
would like to achieve on your farm, with a particular fo-
cus on cattle health and welfare. Please go back to menti.
com and type in the code at the top of the screen.

e Please share some of your goals for your future
farm.

e Why do you think this goal is important to you?

e How do you think technology and data could help
you to achieve your goals?

Technology use (15 min)

Technology could be anything from a farm manage-
ment software, an automatic milking system, or a ther-
mometer, for example.

e Thinking about your day-to-day practices on-farm,
do you use any technologies to help you? If so,
please describe
o How does it affect the decisions you make?

o Do any technologies help with identifying or
controlling diseases?*

o Note: If farmers do not use any technologies on
their farm, please use the following question: 1f
not, can you think of any technologies that help
you in your everyday life outside of farming?

e Are there available technologies that you think
work well on your farm? Why do they work well?
o Note: If farmers cannot think of any technolo-

gies, probe about farm management software,
automatic calf feeders, weighing scales and
automatic milking systems (if dairy).

o What technologies wouldn’t work well on your
farm?
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o How do they fit, or not fit, with your farm rou-
tine?

Data use (15 min)

We are interested in your views on any types of data
collected on your farm—it doesn’t have to be related to
cattle diseases. The data collect could be related to cattle
movements, medicine use, or finances, for example. Data
refers to any information you record—it doesn’t have to
be using software.

e What is your experience of collecting and using
data on your farm?

o What types of data do you collect on your farm?

o Probe on: collecting data related to cattle man-
agement and disease*, the environment, produc-
tion.

o How do you collect this data? Do you collect
any data without the use of technology?

o How do you utilize the data you collect?*

o Who do you share the data with?

o How do they utilize your data?

e Some of the factors that you might value about
the data you collect are currently presented on the
screen. Which of these values are the most impor-
tant to you? Please go back onto menti.com and
rank them in the order of what is most important
to you.

o Note: The moderator’s assistant should present
the ranking slide.

o Why is [value] most important to you?

o Is there anything that you value about data that
is missing from this list?

Identifying and experiencing respiratory diseases and

scours (15 min)

We would like you to focus on respiratory disease and

scours as these are 2 really significant health problems
on beef/dairy farms.

e What is your experience of these health problems
in your cattle?

o How often does it occur?

o Does it happen at a particular time or place?

o How do you think respiratory diseases/scours
impact on (welfare, productivity, time, economic
costs), if at all?

e How do you usually identify these health problems
in your cattle?

o At what stage do you first tend to notice any
problems?

o Any tools/technology that could help you?*

o Does this identification usually happen at a cer-
tain time or place?

o Why do you think these methods work well for
you?
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o What role does your vet have in disease identi-

fication?

e How has the ways you identify and control these
health problems in your cattle changed, if at all?
o What made you change your practices?*
o Why do you think your current practice is bet-

ter?

o If there have not been any changes: Why do you
think your practices have stayed the same?

o Note: There is no restriction to timeframe for this
question (e.g., farmers can talk about changes
that happened last year or 20 years ago)

Wrap up (5 min)

e What are you taking away from today’s discussion?
e Are there any final thoughts that anyone would like
to share, before we close today’s session?

Coding template

Table Al. Initial coding template of needs (From Desmet and Fokkinga, 2020)

Top-level code

Second-level codes

Autonomy (being the cause of your actions)

Beauty (place of elegance, coherence, and harmony)
Comfort (having an easy, simple life)

Community (being part of a social group)
Competence (exercising skills)

Fitness (strong, healthy, and full of energy)

Impact (actions/ideas have impact on world)
Morality (acting in line with values)

Purpose (making life meaningful and valuable)
Recognition (appreciation for what you do)
Relatedness (having warm, mutual relationships)
Security (feeling safe from harm and threats)
Stimulation (feeling mentally and physically stimulated)

Freedom of decision; individuality; creative expression; self-reliance

Unity and order; elegance and finesse; artistic experiences; natural beauty

Peace of mind; convenience; simplicity; overview and structure

Social harmony; affiliation and group identity; rooting (tradition, culture); conformity
Knowledge and understanding; challenge; environmental control; skill progression
Nourishment; health; energy and strength; hygiene

Influence; contribution; to build something; legacy

Have guiding principles; acting virtuously; a just society; fulfilling duties

Life goals and direction; meaningful activity; personal growth; spirituality
Appreciation; respect; status and prestige; popularity

Love and intimacy; camaraderie; to nurture and care; emotional support

Physical safety; financial security; social stability; conservation

Novelty; variation; play; bodily pleasure
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