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Abstract

Background Application of data-driven strategies may support veterinarians’ decision-making, benefitting pig
disease prevention and control. However, little is known about veterinarians'need for data utilisation to support their
decision-making process. The current study used qualitative methods, specifically focus group discussions, to explore
veterinarians'views on data utilisation and their need for data tools in relation to pig health and welfare management
in Spain, the Netherlands, and Ireland.

Results Generally, veterinarians pointed out the potential benefits of using technology for pig health and wel-

fare management, but data is not yet structurally available to support their decision-making. Veterinarians pointed
out the challenge of collecting, recording, and accessing data in a consistent and timely manner. Besides, the reliabil-
ity, standardisation, and the context of data were identified as important factors affecting the efficiency and effective-
ness of data utilisation by veterinarians. A user-friendly, adaptable, and integrated data tool was regarded as poten-
tially helpful for veterinarians’ daily work and supporting their decision-making. Specifically, veterinarians, particularly
independent veterinary practitioners, noted a need for easy access to pig information. Veterinarians such as those
working for integrated companies, corporate veterinarians, and independent veterinary practitioners expressed

their need for data tools that provide useful information to monitor pig health and welfare in real-time, to visualise
the prevalence of endemic disease based on a shared report between farmers, veterinarians, and other professional
parties, to support decision-making, and to receive early warnings for disease prevention and control.

Conclusions It is concluded that the management of pig health and welfare may benefit from data utilisation
if the quality of data can be assured, the data tools can meet veterinarians' needs for decision-making, and the col-
laboration of sharing data and using data between farmers, veterinarians, and other professional parties can be
enhanced. Nevertheless, several notable technical and institutional barriers still exist, which need to be overcome.
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Background

Pig production has become one of the most economi-
cally dominant farming sectors in the European Union
(EU), with pork ranking as the most consumed meat
among terrestrial animals [1, 2]. To meet consumers’
demand for pig products and increase productivity
in a cost-efficient manner, pig production has mainly
been industrialised by shifting into intensive produc-
tion in the EU [1]. Meanwhile, intensive pig production
is facing multifaceted challenges such as public criti-
cism of the healthiness and safety of pork, pig welfare,
and environmental pollution [3], industry stakehold-
ers’ concerns about the treatment of diseases, and the
regulated antibiotic use in the EU [4-6]. Particularly,
infectious respiratory disease, such as the porcine res-
piratory disease complex (PRDC), and gastrointesti-
nal disorders are posing challenges to the pig industry,
resulting in reduced efficiency of pig production, finan-
cial losses, and poor animal welfare [7-9]. Given that
causes of infectious respiratory and gastrointestinal
disease are most often multifactorial in nature, which
are associated with various factors, such as complex
pathogen interactions, environmental conditions, farm-
ing management strategies, and production systems
[10-12], seeking effective interventions for disease con-
trol and prevention is of primary importance.

To face the abovementioned challenges of pig health
and welfare management, data-driven decision-mak-
ing in pig farming has been increasingly investigated in
prior research [13, 14]. A variety of data collected on
the farm, in the slaughterhouses or through diagnostic
laboratories have been analysed by researchers to under-
stand the spread of infectious diseases and to monitor
pig health status [15-17]. For instance, previous stud-
ies have demonstrated the advantages of applying sen-
sors and machine learning algorithms to early detect pig
infectious diseases e.g., porcine reproductive and res-
piratory syndrome (PRRS) and African swine fever (ASF)
[18, 19]. Nowadays, to improve pig production manage-
ment, various technologies have been developed for pig
farming to facilitate data collection, management, and
analysis [20-23], namely pig monitoring systems (e.g.,
sensor-based monitoring of individual pigs), data man-
agement systems and decision support systems [15]. For
example, precision livestock farming can be integrated
into pig farming to monitor and track animals, to provide
predictive analytics, and to support farmers’ decision-
making by inspecting data, such as animal behaviour,
feed intake, and coughing [23-25]. Moreover, informa-
tion source platforms, such as national pig disease sur-
veillance systems and websites providing pig production
and health information, have been developed for industry
stakeholders and veterinary practitioners to monitor the
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occurrence of endemic diseases, and thereby to control
disease outbreaks in a timely fashion [26, 27].

While these innovative technologies exhibit benefits
for animal production and disease prevention, notifi-
cation and control, particularly with the provision of
farm data [26, 28], previous studies have identified gaps
between the generation and the utilisation of data among
farmers, primarily due to the lack of skills in data analy-
sis and interpretation, more reliance on own knowledge
and experience instead of the use of technology, and the
inherent limitation of technology itself [29, 30]. Nev-
ertheless, veterinarians, as one of the most important
stakeholders and trusted information sources for pig dis-
ease control, have rarely been the focus of prior research
to explore their perspectives of data utilisation and tech-
nology usage, especially regarding pig health and wel-
fare management [31, 32]. Therefore, there is a lack of an
overall understanding of how veterinarians utilise data
together with the application of technologies and what
data-based digital tools veterinarians need to support
their decision-making and improve the management of
pig health and welfare.

Given that veterinarians’ roles might vary in differ-
ent countries and farming systems, the current study
aimed to explore veterinarians’ views of data utilisation
and their needs for technologies and data in relation to
pig health and welfare management in Spain, the Neth-
erlands, and Ireland. Spain, as the leading pig producer
in the EU, is mainly composed of large-scale production
with vertical integration that supply feeds, provide vet-
erinary technical services, and produce pigs from birth
to slaughter [1, 33, 34]. The Netherlands, as the second
biggest piglet producer in the EU, has a main orientation
on pig and pork export [35]. Although Ireland is a rela-
tively small pig producer, it has one of the highest aver-
age pig herd sizes in Europe [36]. In both the Netherlands
and Ireland, veterinarians are often part of independent
pig practices, who provide consultancy services to fam-
ily-owned or family-operated farms. Thus, the objectives
of present study were to understand veterinarians’ status
quo of data utilisation using technology and to explore
their needs for data utilisation with the application of
technologies in these European countries, which may
contribute to the user-oriented improvement of data
tools for pig health and welfare management and support
pig veterinarians’ decision-making [37].

Methods

Research design

This study applied qualitative research methods, specifi-
cally a series of focus group discussions, in three Euro-
pean countries (Ireland, Spain and the Netherlands) to
explore and comprehend veterinarians’ views of data
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utilisation and technologies application for pig health
and welfare management. Typically, focus group discus-
sions can facilitate the identification of a broad range
of perspectives on specific research topics by engaging
interactive discussions among a group of participants
[38, 39]. For this, a semi-structured interview guideline
was developed in iterative discussion rounds with all
authors. Semi-structured interviews are often preferable
to structured and unstructured interviews, as it enables
researchers to explore interviewees’ in-depth opinions
by focusing on a list of research questions. It also allows
researchers the flexibility to amend questions when
interesting, surprising, or new topics emerge during the
interview [40, 41]. Specifically, this interview guideline
was composed of four parts (see Additional file 1). The
first part focused on veterinarians’ goals in pig health and
welfare management. The second and third parts aimed
at understanding veterinarians’ views of using technolo-
gies and data for pig health and welfare management. The
last part targeted veterinarians’ insights into the man-
agement of respiratory and gastrointestinal diseases and
other challenges of health management. All focus group
sessions were held in the language of the country, i.e.
Spanish, Dutch, and English.

Participants

Two focus group discussions were conducted in Spain
(n, =6 participants; n,=6 participants), the Netherlands
(n;=3 participants; n,=4 participants), and Ireland
(n;=5 participants; n,=3 participants), respectively. In
Spain, five participants were veterinarians employed by
integrator companies, four were corporate veterinar-
ians who provided distinct consultancy services (genet-
ics, technology use, and economics) at farm level or for
a non-profit national organisation of pig farmers. Two
Spanish participants were independent practitioners,
who provided consultancy services on pig health for mul-
tiple farms and companies, and the remaining one was
a sectorial representative of a producers’ association at
the national level. In the Netherlands, most participants
were independent veterinary practitioners assisting pri-
vately-owned farms (e.g., family-owned farms) and one
veterinarian worked for a feed company. In Ireland, most
participants were independent veterinary practition-
ers working for privately-owned farms; one participant
worked for a research organisation.

Study procedures

The focus group discussions took place between June
and November 2022 in Spain, the Netherlands, and Ire-
land. Before the focus group discussions, all participants
were asked to sign an online informed consent form to
assure permission to record the focus group discussions
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and analyse data anonymously. Data were collected either
through face-to-face discussions or through online meet-
ing discussions, according to the flexibility of the sched-
ules and availability of participants. To guide the focus
group discussions, moderators used a semi-structured
interview schedule to ask a series of open-ended ques-
tions. The moderators in each country were native speak-
ers or fluent in the respective language, who have a rich
experience in pig health and welfare management. Each
focus group discussion lasted around 90 min. All focus
group discussions were recorded, transcribed, and trans-
lated into English with the assistance of the moderators
and a professional transcription company. This study was
approved by the Ethics Commission of the Swiss Federal
Institute of Technology Zurich (approval number: EK
2021-N-224).

Qualitative analysis

The transcribed data were analysed using thematic analy-
sis [42, 43]. Initially, the first author repeatedly read the
transcripts to get familiar with the data. Then, an induc-
tive approach was applied to derive a series of codes (e.g.,
a word or short phrase) from the data, and the codes
were refined based on the research questions in a deduc-
tive manner. Specifically, codes regarding the two main
research questions, the status quo of veterinarians’ data
utilisation using technology, and veterinarians’ needs for
data and data tools to optimise data utilisation for pig
health and welfare management were developed. Further,
codes were categorised to form themes and subthemes
which represented patterns of sharing meaning across
the data set. Finally, the study results were discussed and
revised to ensure each theme and subtheme were clearly
defined and explained by the authors (some of authors
were moderators of focus groups in the current study).
The qualitative analysis was performed with the software
Nvivo (Release 1.6.2, QSR, International). The transcripts
of the participants’ discussions were anonymised before
analysis. All themes and subthemes are shown in the sec-
tion of results in a hierarchical list where main themes
were ordered alphabetically, followed by the subcategory
for subthemes. Quotations are presented in italics and
participants were anonymously numbered according to
the sequence they presented in the transcripts together
with the information of focus group number in each
country and the country of origin. For example, Spanish
FG 1, RES 1 indicates that this participant was respond-
ent 1, who participated in the focus group 1 in Spain.

Results

The analysis of the focus group discussions resulted in six
main themes and thirteen subthemes, which are shown
in Table 1. These themes and subthemes address the two
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Table 1 Summary of main themes and sub-themes according to research topics

Research topic Theme

Sub-theme

The status quo of data utilisation using technology

a.Varying levels of technology use

b. Role of technology in pig health and welfare

management

¢. Gap between data and data utilisation

Veterinarians' needs for data utilisation together
with the application of technologies

e. User experience

f. Information output

d. Data requirements

Longitudinal data

Timely data

Reliable data

Standardised data

Contextual data

Easy to use

Easy access to pig information
User adaptability

Data centralisation
Monitoring pig health and welfare
Information sharing

Intuitive decision support
Early warning

research topics introduced previously: (1) the status quo
of veterinarians’ data utilisation using technology, and (2)
veterinarians’ needs for data utilisation together with the
application of technologies.

The status quo of data utilisation using technology
a. Varying levels of technology use

In the current study, the status of applying technol-
ogy for data utilisation varied among participants across
countries and within countries. In general, participants
use programmes, such as MS Excel™ or Power BI, or other
types of online data platforms and mobile device applica-
tions to access, process, analyse, and visualise data that has
been collected from farms, slaughterhouses, and labora-
tories. Specifically, participants often use these data tools
to understand data patterns and identify potential health
problems of pigs. One participant talked about the use
of the data management tools: ‘We use management pro-
grams to analyse production parameters and, depending
on the results, or if we can observe any deviation of param-
eters, we can focus on whether we really have a health prob-
lem or not! (Spanish FG 2, RES 10). Some participants in
Spain and the Netherlands use software applications as
alarm tools to receive notifications from the farm when
unexpected changes of data, such as abnormal environ-
mental parameters, feed and water consumption, weight,
and mortality, are detected. For example, to manage respir-
atory disease, one participant used the alarm tool by %ell-
ing the system to let me know when mortality exceeds 4% in

piglets, or when it exceeds 3% in deaths due to respiratory
issues. (Spanish FG 1, RES 6). Additionally, the advantages
of using mobile communication platforms for telemedi-
cine were highlighted by some participants from Ireland
and Spain. Particularly, mobile communication platforms
allowed veterinarians to quickly check the pig health status
by receiving information, such as pictures or videos from
farmers without the need or before an in-person visit.

Despite various data tools mentioned by pig veterinar-
ians, tools such as data management software and alarm
tools are not widely and equally employed by participants
for pig health and welfare management across and within
different countries. A technology divide in Spain was
found between independent veterinarians who provided
services to privately owned farms: ‘We basically only work
with production parameters in fattening, but technological
management tools on farms, we don’t have them! (Spanish
FG 2, RES 8) and those who were employed by pig compa-
nies: ‘When 1 visit a farm, I use the tablet and I get informa-
tion on the farm of origin of the pigs, number of the batches,
feed consumption and so on...we have it all. All of that is
in the database’ (Spanish FG 1, RES 3). Some independ-
ent participants still use their own spreadsheet program
to record, analyse, and visualise data, which was not spe-
cifically designed for pig health and welfare management.
However, others, especially veterinarians that are employ-
ees of an integrated pig company, have already been using
company-owned mobile device applications and manage-
ment software to access farm data, to visualise disease by
the farm of origin, and to receive alarm notifications when
farm abnormal data were detected.
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b. Role of technology in pig health and welfare manage-
ment

Although technological tools that are specially
designed for pig health and welfare management have
not been widely available to participants in the current
study, the participants generally held a positive attitude
towards these technologies and believed that using data
tools was a beneficial approach to manage pig health and
welfare, especially for the management of infectious res-
piratory and gastrointestinal diseases. In summary, data
tools are recognised for their effectiveness, efficacy, and
economic benefits in evaluating pig health and welfare
status, improving production, and supporting veterinar-
ians’ decision-making.

However, some participants pointed out that applying
technology could not replace farmers’ observation, gov-
ernance of farm, farmers’ compliance and feedback on
veterinarians’ advice, and veterinarians’ clinical experi-
ence in pig health and welfare management. One partici-
pant explained: “The stockman is the first person to see the
ill health in their animals, so I suppose that’s one of their
most basic jobs, just basically using their eyes and ears
and looking at the pigs.... No matter how advanced your
technology is, that will always be important. (Irish FG 1,
RES 23).

c. Gap between data and data utilisation

Participants believed that a good utilisation of data
could provide them with useful information to monitor
and evaluate pig health and welfare status, benchmark
against the farm’s past or other farms’ performance,
detect potential disease risks, and develop a plan of
action for therapeutic or preventative procedures. Nev-
ertheless, data seemed not to be effectively and efficiently
utilised to assist participants’ decision-making in pig
health and welfare management: ‘We almost hear it with
the same words in different places and very, very different
countries. Not only small or medium-sized companies, but
also large or very large companies. You hear: “we are rich
in data, but poor in information”’ (Spanish FG 1, RES 6).
Several limitations of the current data tools were high-
lighted by veterinarians. For instance, many participants
stated that they had to collect data from data sources or
request data from farmers, and then migrate the data
into their own software for data analysis and visualisa-
tion, which was perceived as time-consuming and labori-
ous. Notably, some Spanish participants expressed their
apprehension about the limitation of software programs,
such as MS Excel™, given these tools are not specifically
designed for pig health and welfare management. Addi-
tionally, participants mentioned that the current function
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of data tools were not able to continuously track pig
health-related data from the farms, slaughterhouses, and
the laboratories, which failed to provide them a complete
picture of the pig health status. For one thing, there is a
lack of an integrated data tool that links different data
sources. For another, continuous data collection from
multiple sections, such as farms, slaughterhouses, and
laboratories, has not yet been achieved, at least within the
investigated regions. Although some digital tools such as
sensors have been employed on farms to automatically
generate data, it still requires farmers to manually collect
data and transfer data into the management for data stor-
age and processing, which is beyond farmers’ working
routines. Furthermore, participants mentioned that the
current data tools, such as alarm systems, were lacking
decision-support functions to treat potential risks of pig
health, based on abnormal data, which impedes timely
disease control.

Veterinarians’ needs for data utilisation together

with the application of technologies

To fill the gap between the raw data and data utilisation,
participants expressed their needs for both data and
data tools that might facilitate them to use data for pig
health and welfare management. An overview of pivotal
factors that contribute to data utilisation can be found
in Fig. 1. Specifically, these factors represent themes and
sub-themes that demonstrate how data tools fulfil partic-
ipants’ needs for data utilisation in terms of data require-
ment, user experience, and information output, which
can be tracked back in Table 1.

d. Data requirements

Participants valued the role of data in pig health and
welfare management because of its potential benefits in
understanding pig health status, establishing diagnoses,
and taking interventions to control diseases. However,
the quality and availability of data impacted participants’
data utilisation, prompting them to discuss their require-
ments for data.

Longitudinal data

Participants highlighted the importance of using longi-
tudinal data for pig health and welfare management. As
an example of using longitudinal data, one participant
said: ‘Laboratory results would be historical data for the
farm, would be something that gives you a background
or benchmark to use for the current visit or future visit!
(Irish FG 1, RES 23). Specifically, participants believed
that they could get a comprehensive overview of the
situation in the pig herds by inspecting the continuously
recorded data over time from pig farms, laboratories, and
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Fig. 1 An overview of factors that may facilitate data utilisation based on participants'need for data and data tools

slaughterhouses. For instance, participants could analyse
longitudinal data to characterise data patterns and iden-
tify potential health risks by comparing data at different
time points or on different farms within the same period.
To utilise longitudinal data, tracking the progress of
treatment for pig diseases (e.g., therapy compliance and
use of medicine) was also highlighted as a good strategy
by some participants.

However, participants pointed out that, in many cases,
data that comes from pig farms (e.g., disease treatment,
mortality, behaviour, cough, and environmental param-
eters), slaughterhouses (e.g., records about ante-mortem
and post-mortem inspection), and laboratories (e.g.,
results of sample tests) are not being recorded and made
available continuously thus far.

Timely data

The timeliness of updating pig health-related data were
stressed as another essential data issue because it enabled
participants to obtain a quick evaluation of pig health sta-
tus and make timely decisions to control diseases accord-
ingly. One participant stressed: ‘When we talk about
diseases, the first thing is punctuality, knowing what is
happening on a farm, because after a week it may already
be too late! (Spanish FG 1, RES 1). However, current data
tools seem not to fulfil participants’ needs for timely
data, since many farmers still manually upload data to the
data system, postponing data updates and data sharing
with veterinarians. Moreover, due to the lack of internet
connectivity on some farms, farmers cannot update and
share data with veterinarians in a timely manner.

Reliable data

Getting reliable data was stressed as one important step
for data utilisation by participants. For instance, the
objective information extracted from reliable data on
pig farms could support veterinarians’ decision-making
and benefit their collaborations with farmers. Some Irish

participants explained that the current data tools might
not guarantee the accuracy of the collected data because
of potential errors caused by manual data input. If data
could be automatically recorded and updated to the data
tool, veterinarians could then get more objective and
more reliable data to assess the pig health status and
make decisions, as suggested by one participant: If you
had these kind of things recorded automatically without
you even going to the farm and not taking any effort, then
you go back to them (farmers) and say: “Look, it's actu-
ally happening or not” (Irish FG 2, RES 26).

Standardised data

The lack of standardised data may lead to variability in
data recorded. For instance, one participant expressed
his worries of using slaughterhouse data: ‘Because you're
using four or five vets (in the slaughterhouse), the way of
scoring the lesions would be completely different. It's not
saying that one vet is better than another one, but it’s open
to misinterpretation’ (Irish FG 1, RES 25). If data could
be measured and collected in a consistent manner, e.g.,
using the same scoring system and the same data tools,
veterinarians could obtain objective, robust and tracible
data to compare health-related data and make informed
decisions. Indeed, some Dutch participants stressed the
value of using standardised data to follow up disease
treatments and plan actions of health management. To
standardise data and enable data sharing for pig health
management between farmers and veterinarians, some
Spanish participants suggested applying the same digi-
tal tools to generate, collect, record, and calculate data,
which might be an ideal solution in the future.

Contextual data

Consistently, the loss of context could lower the per-
ceived usefulness of data and increase the misin-
terpretation of the data among participants. Some
Spanish participants explained the necessity of having
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background information when analysing data. For exam-
ple, mortality, measured at different time slots during the
pig production, could be interpreted differently, which
significantly affects the next step of health management
for pigs. To make a more accurate assessment and to get
a clearer understanding of the pig health status, some
Dutch participants suggested getting more detailed data
recorded during the inspection of the intestinal tract in
the slaughterhouse. For instance, one participant stated:
“There is polluted data (e.g, noisy data, biased data, not
reliable data) in the slaughterhouse. They weight the intes-
tinal packages, they weight the content to check whether it
is full or not full, but actually there might be more data to
get out of it about how long it is or what the diameter of
that is or how big that stomach is or something, that also
says something about health! (Dutch FG 2, RES 17).

e. User experience

To increase the efficiency and effectiveness of utilising
data, several important features of data tools were dis-
cussed according to veterinarians’ experience of using
data tools. Specifically, data tools should be easy to
use, easy to get pig information, and adaptable to users’
preference by integrating different types of data in one
platform. Although these insights might seem trivial,
it is worthwhile to list them here, as these aspects are
not always considered in the development of data tools
according to the participants.

Easy to use

Although some data tools have been applied to visual-
ise and analyse data, participants stated that these tools
were too complicated to use, which failed to encourage
them to continuously use the data tools. One participant
explained: ‘The important thing with a lot of those tools
is that it should be labour-friendly...Of course, we have
often launched all kinds of new things, but they sometimes
die a silent death because it is all too labour-intensive,
too complicated. You have to keep guarding against that
every time! (Dutch FG 1, RES 15). Therefore, data tools
should ensure the ease of operation and the information
conveyed by data tools should be easy to understand, as
suggested by participants.

Easy access to pig information

To utilise data, participants, especially those who were
part of independent practices, mentioned that they often
requested data via multiple ways, examples including in-
person farm visit, email, or telephone message. These incon-
venient, unsystematic, and oftentimes unsecured ways
of obtaining data disabled veterinarians to have a timely
and comprehensive vision of pig health status, and in turn,
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influenced veterinarians’ decision-making and action-taking
of disease control and pig health and welfare management.
Thus, veterinarians desired to have a data tool that provides
easy access not only to raw data but also to useful informa-
tion that can be visualised or easily understood.

User adaptability

A data tool that is adaptable to users’ habits and work-
ing routines may increase the efficiency and effectiveness
of data utilisation, as noted by participants. For instance,
rather than spending a lot of time inspecting all data from
farms, only allowing health related data to be directed
to veterinarians could enhance their data utilisation. An
example can be found from the perspectives of this par-
ticipant: Let’s think about how to make an information
management system that is valid for the person who is on
the farm, that is valid for the veterinarian, that is valid for
the management, because they have different needs, but
the same effort should apply to everyone! (Spanish FG 1,
RES 6). Moreover, the flexibility of using a data tool for
data analytics was emphasised by participants. Some vet-
erinarians preferred to have multi-functions (e.g., moni-
toring, data analysis, visualisation, early warning) into
one platform, while some preferred to analyse data by
themselves using their preferred data tools.

Data centralisation

Some participants from Spain and the Netherlands indi-
cated that they lacked a data tool that integrated different
types of data for a quick overview of the data in relation
to pig health and welfare: “Things (data) come in from all
sorts of sides, but if you have a central dashboard—for a
farmer as well—that we can look at, then we'll really be
able to take steps, where you link it all together, but that’s
what's missing’ (Dutch FG 1, RES 14). If all data could be
centralised into one platform, e.g., linking farm data with
slaughterhouse data and laboratory data, participants
could make a comprehensive assessment of pig health
and welfare status, which could contribute to the plan-
ning of the schedule of farm visiting, and the plan for
treatment.

f. Information output

To assist the day-to-day task and timely control of pig
disease, participants suggested that the data tools should
provide insightful information that helps users to under-
stand the status of pigs, early detect specific diseases, and
provide data-driven decision-support.

Monitoring pig health and welfare
A data tool that tracks the status of pig health and welfare
over time in parallel to management changes or potential
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health hazard events was perceived by participants as
time- and labour-saving, and beneficial for the manage-
ment of diseases, especially regarding the management
of infectious respiratory and gastrointestinal diseases.
One participant explained: “To establish cause and effect
of acute health problems, you can link them with spe-
cific events in the last week or two weeks, but four months
later you have already forgotten about these events. If
you could do a little more (data recording) over time, it
would be easier to take a long-term approach for health
management. (Dutch FG 2, RES 16). Specifically, some
participants preferred to visualise long-term trends about
pig health and welfare (e.g., mortality, disease treatment,
environmental control, feed and water consumption,
behaviour) from farms, laboratory, and slaughterhouse,
ideally updated daily or in real time. In this way, veteri-
narians can assess the status of pig health and welfare and
track the process of disease treatment in both the short
term (e.g., at real-time level) and long term, and then they
can adjust their action plans quickly and accordingly.

Information sharing

Participants believed that the more health-related infor-
mation could be shared from pig farms, the more benefits
would emerge for pig health and welfare management,
especially in controlling infectious respiratory and gas-
trointestinal diseases. Some Spanish participants wished
to have a centralised access to an ‘endemic disease map’
to control the spread of infectious diseases by encourag-
ing the sharing of data, such as origin of animals, entry
route, disease incidence and mortality by region, and
mortality cause between farms, veterinarians, and other
professional parties. For instance, a pig health monitor-
ing system developed by a non-profit organisation for
providing an epidemiological map of diagnoses in north-
eastern Spain was highly valued by Spanish participants,
as it allowed veterinarians to examine the disease preva-
lence by region in an anonymous way (information about
this web application, GSP monitoring system, can be
found via the link http://www.gsplleida.net/es/content/
app-del-gsp). However, such a monitoring system has not
yet been widely applied into specific actions related to pig
health management.

Several potential barriers to data sharing were dis-
cussed by participants. The low awareness of the impor-
tance of sharing data and the intense competition
between farms and companies might account for indus-
try stakeholders’ low willingness of sharing data with
external stakeholders, as explained by some Irish and
Spanish participants. Implementation of regulation and
training of reporting data might drive pig industry stake-
holders to share more pig health-related data, as sug-
gested by some Spanish participants. Moreover, some
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Dutch participants pointed out that lacking a standard-
ised way of inputting data may impair the usefulness of
the disease monitoring system at a national level via shar-
ing data for pig health management. Additionally, the low
trust in the quality of shared data was a potential barrier
to share data with external stakeholders, as explained by
some Spanish participants. If data can be collected and
recorded in the same manner e.g., use the same digital
tool and the same measurement method, the credibility
of shared data may increase. Furthermore, some Irish
participants explained that privacy concerns about sensi-
tive data (e.g., finances and medicines) could be another
barrier to sharing data from pig industries with external
parties especially the data about notifiable diseases. One
participant stressed: “That’s sharing data. You can’t share,
it’s just personal. Unless you give to a farmer an individ-
ual number and you do a benchmarking, and you are the
only one and the farmer knows his number. (Irish FG 2,
RES 25). 1f data can be shared and used anonymously e.g.,
benchmark against other farms, farmers might be more
willing to share data.

Intuitive decision support

Given that rich data are now available to be collected
from farms with the use of technologies, participants
discussed their further needs for advanced data tools
regarding the utilisation of big data. Data tools that per-
form intuitive decision support to improve pig health and
welfare management were perceived as useful by partici-
pants. For instance, one participant suggested: “The tools
will improve a lot by integrating data, by generating arti-
ficial intelligence to be able to build strategies for health
improvement in pig flows! (Spanish FG 2, RES 7). This
idea was found among Dutch and Spanish participants,
and they believed that artificial intelligence (AI) could be
applied to conduct exploratory and explanatory analytics,
aiming to provide suggestions for users to facilitate their
decision-making and action-taking.

Early warning

Participants agreed that the employment of early warn-
ing tools could provide urgent decision-making support
and help users to take timely action for disease control
and prevention, especially concerning the management
of infectious respiratory and gastrointestinal diseases.
Specifically, data such as mortality, fecal score, feed
intake, water consumption, use of medicine, weight,
cough counts, and environmental parameters of the pigs
could be treated as health indicators to generate alerts, as
suggested by participants. While some alarm tools have
been employed on farms, participants from Spain and the
Netherlands underlined that these alarm tools lacked the
function of predicting health risks and failed to aid with
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action-taking. Therefore, current alarm tools have not
met veterinarians’ needs yet. Furthermore, some Spanish
participants highlighted that the early warning should be
flexible to use, allowing users to set individual thresholds
triggering a warning.

Furthermore, participants discussed their preferences
for the alarm distribution (i.e., which alerting informa-
tion should reach whom) when they used early warning
tools. Some participants suggested that the responsibil-
ity of each stakeholder should determine who receives
the alarms. One participant suggested that: You man-
age it (water consumption) separately or you can have an
API (application programming interface) to connect them
in a way that you have all data together and receive the
alerts. These are received either by the farmer or by the
veterinarian, or by the manager, depending on his/her
responsibility. (Spanish FG 1, RES 6). Specifically, farm-
ers were suggested to receive alarms when abnormal
changes of production data, such as feed or environmen-
tal data, were detected, and veterinarians were encour-
aged to receive alerts when emergency pig health issues
such as high mortality were identified. Nevertheless, con-
flicts about who should receive an alarm emerged among
some Irish and Spanish participants. For instance, some
Irish participants who were independent practition-
ers working for privately-owned farms explained that
veterinarians’ routine job was to diagnose diseases and
guide treatments, which was usually initiated by farm-
ers, who have the best understanding the health status of
their pigs. Thus, alarms should be checked first by farm-
ers and then, be forwarded to veterinarians. Inversely,
some Spanish participants preferred to receive the alarms
directly, as they needed to get a timely and objective eval-
uation of the pig health status to control and manage the
pig disease.

Discussion
This study uncovered the gap between data and data
utilisation for pig health and welfare management
from the perspectives of pig veterinarians in Spain, the
Netherlands and Ireland. A discrepancy of technology
application for data utilisation was identified between
veterinarians who are independent practitioners and
those who were employees of pig companies. Overall,
veterinarians’ needs for data utilisation have not been
fully met with the application of the current technologies.
When it comes to the data utilisation in livestock farm-
ing, the influencing factors are often related to individ-
ual characteristics e.g., personal data analysis skill and
the user-friendliness of the available data tools [30, 44,
45]. However, the foundation of data utilisation for pig
health management, namely the availability and quality
of the data itself, might be overlooked. The current study
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revealed veterinarians’ different needs for data. Specifi-
cally, pig farms and companies, laboratories, and slaugh-
terhouses were important data sources, but in reality,
frequently fall short of providing timely data to facilitate
veterinarians’ decision-making. The current findings kept
consistent with previous studies that timely feedback on
disease syndromes and quick information update about
the disease trend contributed to the pig health surveil-
lance and management, from the perspectives of Cana-
dian veterinarians [46]. Similar results can be observed
in the study of Alarcon et al. [26], as British pig farmers
perceived some online platforms providing pig disease
information as useless if these platforms failed to update
information in a timely manner.

Data standardisation and data reliability were other
concerns underlying the discussion on data utilisa-
tion raised by pig veterinarians. Veterinarians noted the
importance of standardised data for pig health assess-
ment, disease treatment, and action planning by exem-
plifying the adverse outcomes caused by unstandardised
ways of measuring data in the slaughterhouse and report-
ing data on the pig health surveillance system. In line
with the current study, previous studies have revealed the
lack of data standardisation for meat inspections at the
EU level [47-49]. Without a standardised way of meas-
uring and recording data during the meat inspection in
slaughterhouses, the quality of data may drop and in turn
affect the accuracy of pig health assessment [48, 50, 51]. It
is noteworthy that a lot of data is still required to be man-
ually transferred to the data management tools, which
could impact the reliability of the data and decrease the
efficiency of using data, as mentioned by veterinarians
in the current study. Additionally, the lack of contextual
information was found to be an important factor affect-
ing data interpretation and assessment of pig health by
veterinarians. Indeed, Sarikaya et al. [52] pointed out
that contextual information was needed to help users to
understand the meaning of the visualised data (e.g., data
trend visualised by bar chart) generated by the dash-
board. To streamline the data utilisation for long-term
pig health monitoring, application of information and
communication technologies, such as smart sensors into
precision livestock farming system, may improve data
quality, speed of data collection, and the standardisation
of data sets [53, 54]. To date, some sensors are commer-
cially available to effectively and efficiently obtain data on
the farm such as feed and water intake, environmental
data, and pig coughing [53, 54]. However, the implemen-
tation of such technologies may face challenges of link-
ing it with the existing data management software [53],
the lack of internet connection on farms, high invest-
ment costs, and need for staff training associated with
the technology application [55]. Still, additional efforts
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are required to standardise the way of recording data by
including more details related to pig health, such as pro-
viding personalised training and guidance in the used
terminology and format of the recorded data [48, 50].

Although rich data is generated and collected on pig
farms, in slaughterhouses, and in laboratories, veterinar-
ians in the current study stated that data had not been
translated well into useful information. Should this
change, this information could potentially support their
decision-making in pig health and welfare management.
To utilise big data for pig health and welfare decision
support, data should be filtered or condensed to smaller
subset of information that meet decision-makers’ infor-
mation processing capacity [15, 56, 57].

Nowadays, many dashboards (not specific for pig
health management) are available for benchmarking
and to facilitate users to identify areas of focus in vari-
ous fields, which can be categorised into operational ones
(i.e., used at a real-time level) and strategic ones (used
over a period) [52]. Consistently, veterinarians in the
current study wished to monitor and visualise pig health
data over time and ideally, in real-time to get useful infor-
mation for benchmarking and early detection of poten-
tial risks for disease control. For this, quantitative data
on for example mortality, food and water intake could
be visualised in time series. These findings aligned with
the study by Koltes et al. [58] that the visualisation func-
tion of a data tool may enhance user experience and pro-
mote technology adoption. However, it should be noted
that as a pre-condition, multiple challenges related to the
collection and recording of the data as discussed above
need to be overcome. Veterinarians also expressed their
need for monitoring pigs regarding qualitative data such
as behaviours to facilitate health management. Although
some of them mentioned that technology cannot replace
individuals’ observations for pigs [59], continuous human
observation in large-scale pig production is not feasible.
The application of sensor-based cameras to monitor the
changes of pig behaviours may enable the early detec-
tion of potential problems such as tail biting to improve
pig welfare and facilitate farm staff to plan actions [60].
Overall, this was seen as a good solution for remote deci-
sion-making without frequently visiting a farm in person
[54].

The veterinarians’ views on data utilisation and their
need for data tools was related to their specific roles in
the three countries of investigation. Compared to veteri-
narians employed at integrator companies in Spain, the
independent veterinarians lacked convenient access to
pig health-related data and access to company-owned
data management software. In most cases, independent
veterinarians used their own programs to visualise and
analyse the data they received through various means.
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Frequently, they may lack training in more complex
data management tools, specifically designed for health-
related data. Indeed, a digital divide has been observed
as a factor affecting technology application in livestock
farming between users who lacked technical skills and
trained technical users [24]. Offering training in the use
of data tools, allowing for time investments, and prior
skills in data analysis may contribute to veterinarians’
data utilisation. Differences were also observed in terms
of access to the data and desired output. For instance,
independent veterinarians in Ireland preferred an early-
detection alarm system to be filtered first by farmers
because it was beyond their work routine to spend time
examining the data and the alarm. The study of del Rocio
Amezcua et al. [46] supported the current finding that
it was laborious for practising veterinarians in Canada
to consistently record data in a pig surveillance system
because of the heavy workload. Current workloads and
linked information processing capacity may constrain
veterinarians from extracting useful information from
data through individual data analysis. This might be espe-
cially true for the independent veterinarians that provide
services to multiple farms. Instead of displaying exten-
sive raw data to veterinarians, a data tool should provide
timely and intuitively visualised information to help vet-
erinarians easily understand the animal status, saving
their labour and time costs. Furthermore, Al-based tools
that reduce the cognitive load and support decision-
making through providing suggestions might therefore
be useful, according to the perspectives of veterinarians.
So far, a variety of studies have investigated the applica-
tion of machine learning algorithms for decision-mak-
ing in pig farming, especially related to disease, feeding
strategies and DNA analysis [54, 61]. However, whether
Al tools can produce useful information to assist pig vet-
erinarians’ action-taking remains to be explored in the
future [61]. Lastly, Spanish veterinarians valued the geo-
graphical surveillance map to visualise the prevalence of
infectious respiratory and gastrointestinal disease, which
can be jointly used by pig health professionals. This was
also found in prior studies that stressed the importance
of a monitoring system for infectious disease control in
Spain [62]. In light of the above, customised dashboards
that are adaptable to different users’ needs for data uti-
lisation should be one the of main considerations, which
was also highlighted by prior research about the develop-
ment of dashboards [52, 63, 64].

Not surprisingly, veterinarians in the current study
wished to have a user-friendly tool to ease their data
access, processing, and analysis. Many previous studies
have uncovered the importance of user friendliness for
technology application in livestock farming [30, 44, 65].
However, it seems that this principle is not consistently
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translated into practice yet. For instance, the study of
Hartung et al. [30] illustrated farmers’ concerns about
using a complex precision livestock farming system. To
ease the data utilisation, farmers preferred all data to be
displayed and managed in an integrated way. The current
study kept consistent with prior studies that veterinarians
needed a user-friendly tool that can link all the relevant
data about pig health and welfare from multiple data
sources, which was perceived as time- and labour-saving.
Applying protocol-based application programming inter-
face (API) has shown its benefit by connecting Internet
of Things (IoT) devices (e.g., sensors) and data cloud
platforms, which may contribute to the design of a user-
friendly and integrated data tools that supports decision-
making in livestock farming [66, 67].

To improve data utilisation for pig health and welfare
management, increased collaborations are needed to
strengthen the trust and data sharing between farmers,
veterinarians, and other professional parties. Many prior
studies have highlighted the benefits of building up a sur-
veillance system for disease control and prevention, but
it required the support from multiple stakeholders such
as governments, laboratories, veterinarians, and indus-
try [62, 68, 69]. Consistently, veterinarians in the current
study stressed the importance of sharing data to prevent
and control endemic infectious diseases. However, low
awareness of the need to share and concerns over com-
petition and data privacy might hinder the pig industry
from sharing pig health-related data with external stake-
holders [70, 71]. Rodriguez-Prieto [72] found that very
little information about endemic diseases was shared on
a surveillance system in Spain, thus, it contributed lit-
tle to the decision-making in pig health management at
population level. To visualise the distribution of endemic
diseases at population level, support decision-making
and enhance collaboration within the pig sector in Spain,
Alba-Casals et al. [27] investigated a web application. This
application was co-created by multiple experts such as
computer scientist, researchers in pig disease and veteri-
narians, which allowed industry stakeholders and veteri-
narians to monitor endemic diseases in near real-time by
requiring veterinarians to report data on it. To encourage
the data reporting, Alba-Casals et al. [27] recommended
trainings and regular exchanges on the benefits of shar-
ing data on surveillance systems. Similar strategies were
suggested by the veterinarians in our study to increase
awareness and willingness to share.

This study has two limitations. Firstly, the focus group
discussions were moderated by researchers specialised
in the field of pig health but varying in disciplines, coun-
tries, and languages, which might cause bias when ana-
lysing the transcribed and/or translated data. However,
the quality of transcribed and/or translated was revised

Page 11 of 14

by the moderators, and the themes and subthemes were
discussed among the authors to reduce this bias. Sec-
ondly, the utilisation of data for pig health and welfare
management requires the collaboration between different
stakeholders e.g., pig industry, veterinarians, laborato-
ries, slaughterhouses, and the government, but this study
only included the veterinarian’s perspectives. Future
studies should include different types of stakeholders to
uncover their need for data utilisation with the applica-
tion of technologies. Ideally, data tool developers keep
the pre-conditions and needs of these different stake-
holders in mind and engage in a regular exchange with
the end users of their products. While this study pro-
vided some general insights into the needs for data tools,
specific tools should be user tested to ensure their suc-
cessful implementation.

Conclusion

Results of this study reveal that although rich data related
to pig farming is being collected and recorded from pig
farms and companies, slaughterhouses, and laboratories,
data is currently not yet utilised efficiently and effec-
tively with the application of data tools for pig health
and welfare management by veterinarians. A discrepancy
of data access and technology use were found between
some independent veterinary practitioners and company
employed veterinarians. To support veterinarians’ deci-
sion-making, tool developers should not only consider
the usefulness and usability of the data tool itself but
also ensure the quality and accessibility of data requiring
joint efforts from all sides. It is also essential to address
users’ concerns about data sharing and meet their needs
depending on their roles in pig farming. This might be
achieved by conducting context-specific investigations to
develop data tools that are tailored to meet veterinarians’
diverse needs for data utilisation. In the future, custom-
ised data tools with the application of advanced informa-
tion and communication technology might be a solution
to support veterinarians’ decision-making and their daily
management of pig health and welfare.
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