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Simple Summary: Precision livestock farming (PLF) will have a profound influence on animal
husbandry, farm animal welfare and animal-based production chains. Even though consumers
ultimately pay the costs of innovations, their perceptions of PLF technologies have been under-
investigated. To explore consumer perceptions of PLF technologies within the pork and dairy value
chains, altogether six focus group discussions were conducted in Finland, the Netherlands and Spain.
The results indicate that consumers expect that PLF technologies will enhance the health and welfare
of farm animals, while generating environmental improvements and increasing transparency in
livestock farming. They, however, also expressed the fear that PLF technologies will lead to more
industrialisation in livestock farming; that PLF technologies and data are vulnerable to misuse and
cyber-crime; and that PLF information may be inadequately communicated to consumers. The
findings are used to formulate directions for strengthening the acceptance of PLF technologies among
European consumers.

Abstract: Scholars in the fields of animal science and technology have investigated how precision
livestock farming (PLF) can contribute to the quality and efficiency of animal husbandry and to
the health and welfare of farm animals. Although the results of such studies provide promising
avenues for the development of PLF technologies and their potential for the application in animal
husbandry, the perspectives of consumers with regard to PLF technologies have yet to be the subject
of much investigation. To address this research gap, the current study explores consumer perceptions
of PLF technologies within the pork and dairy value chains. The investigation is based on results
from six focus group discussions conducted in three European countries, each reflecting a different
market environment: Finland, the Netherlands and Spain. The results indicate that consumers
expect the implementation of different PLF technologies to enhance the health and welfare of farm
animals, while generating environmental improvements and increasing the transparency of value-
chain processes. The analysis further reveals three over-arching consumer concerns: (1) the fear
that the integration of PLF technologies will introduce more industrialisation into livestock farming
production; (2) the concern that PLF technologies and data are vulnerable to misuse and cyber-crime;
and (3) the concern that PLF information is not communicated adequately to allow informed purchase
decisions. The research findings provide directions for members of the animal-based food value
chain to make informed decisions to improve their sustainability, social responsibility and credibility
by endorsing the acceptance of PLF (technologies) amongst European consumers.

Keywords: animal welfare; precision livestock farming; consumers; European cross-country compar-
ison; focus group discussions; value chain; pigs; dairy cows
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1. Introduction

The disruptive development of innovative precision livestock farming (PLF) technolo-
gies is expected to generate fundamental changes in animal husbandry. These technologies
offer substantial opportunities for achieving a more holistic, evidence-based approach to
monitoring and managing the health and welfare of farm animals and the productivity
of livestock in real time [1,2]. The implementation of PLF technologies makes it possible
to place cameras, microphones, temperature sensors, skin-conductivity sensors and/or
augmented-reality tools sufficiently close to farm animals to enhance the monitoring and
management of individual farm animals in real time [3–5]. Moreover, blockchain tech-
nologies make it possible to improve traceability and accountability across value chains,
thereby allowing parties to trade in the absence of a mediator or trusting relationship [6,7].
At the same time, however, the development of PLF technologies raises new challenges
with regard to the management, distribution and ownership of data [8,9]. These challenges
could potentially have far-reaching effects on value chain processes and the stakeholders
who are involved in them, including producers, intermediaries, retailers and consumers.

Previous studies have investigated how innovative PLF technologies can create bene-
fits for and across farm animal species, production lines and countries [1,3,10,11]. Relatively
little attention has been paid to the complex societal questions surrounding PLF technolo-
gies, including the perceptions of stakeholders with regard to the technologies applied and
its associated data usage [12]. This research gap is particularly relevant to the large and
heterogeneous group of consumers, which has often been neglected when investigating
the adoption of innovative PLF technologies within farm animal value chains. The integra-
tion of consumer perceptions into research on PLF is important, as the success or failure
of value chains that utilise PLF is ultimately determined by the purchasing decisions of
consumers [13]. Moreover, the integration of consumer perceptions at an early stage of
the innovation-development process has been shown to increase the societal acceptance
of technological innovations [14]. Hence, a body of research exists that examines con-
sumer perceptions of a wide variety of agricultural technologies [15–18], thus far not yet
including PLF.

The objective of the current study is to investigate consumers’ perceptions of PLF
technologies in pork and dairy value chains. Given that consumer research on PLF is still
in the early stages, a qualitative research approach to gain in-depth understanding on
consumer views towards PLF is appropriate. The investigation is therefore based on focus
group discussions with consumers in three European countries: Finland, the Netherlands
and Spain. This study contributes with important insights into the benefits and risks that
consumers associate with the integration of PLF in the pork and dairy value chains, and
reveal important factors influencing the further exploration and promotion of consumer
acceptance of PLF technologies and products originating from value chains that utilise PLF
technologies.

2. Materials and Methods

Focus group discussions, as a qualitative research method, have been used by re-
searchers in a variety of disciplines (e.g., psychology, sociology, marketing and the social
and behavioural sciences [19]), as they offer an opportunity to explore the perceptions that
individuals have about specific topics or entities [20,21]. In a focus group discussion, a
group of individuals of differing socio-economic and/or cultural backgrounds is assem-
bled for the purpose of discussing a specific topic, with the goal of drawing insights from
the complex personal experiences, beliefs, perceptions and attitudes of the participants
through a moderated, interactive discourse [22–27]. To explore the research question, we
selected heterogeneous samples of consumers in three countries (Finland, the Netherlands
and Spain), thus accounting for variances between European consumers (from North to
South) in terms of farm animal welfare [28] and the adoption and acceptance of innovative
technologies [29–31]. Given that consumer perceptions in this regard are known to differ
according to the species of farm animals [32], two focus group discussions were conducted
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in each country, one concentrating on the pork value chain and the other concentrating on
the dairy value chain. To standardise the data collection procedure, a protocol to recruit
participants and to carry out the focus group discussions was prepared.

2.1. Participants

Given that the use of PLF technology is still in the emerging phases and the prod-
ucts are expected to reach the food market more widely in the near future, we invited
participants younger than the mean age of the principal shoppers in the country, as well
as innovative early adapters of technological developments (participants were screened
according to the technology adoption scale, selecting participants with scores of at least 15
up to a maximum of 25 points [33]). Participants who indicated that they did not consume
animal-based products or that they were employed in the areas of marketing, research,
media, journalism or the food industry were excluded from participation, as their expert
opinions were likely to influence the contributions of other participants.

Following the selection criteria, in Finland and the Netherlands participants were
recruited via market research companies specialised in qualitative research (www.makery.fi
in Finland and www.bureaufris.nl in The Netherlands). In both countries, participants
received a monetary incentive of EUR 60 and 75, respectively, for their participation.
In Spain, participants were recruited via a university intern consumer panel, offering
participants personal developmental programs as an incentive for their participation. The
recruitment procedure resulted in a total of 56 participants (30 female, 26 male) for the
focus group discussions in the three European countries. In the Netherlands, the groups
consisted of 16 participants (8 for the pork group and 8 for the dairy group; 3 male and
5 female). Their average age was 31.16 years (SD = 7.29), and the average innovativeness
score of both groups was 21.88 (SD = 2.58). In Spain, there were 20 participants (10 for
the pork group and 10 for the dairy group; 4 male and 6 female), with an average age
of 31.55 years (SD = 8.33) and an average innovativeness score of 18.15 (SD = 2.78). The
discussions in Finland included a total of 20 participants (10 for the pork group and 10 for
the dairy group; 5 male and 5 female), with an average age of 39.60 years (SD = 8.33) and
an average innovativeness score of 17.3 (SD = 2.94) (see Table 1). The participants in the
three countries had comparable profiles of profession.

Table 1. Demographic and psycho-social characteristics of the consumers participating in the focus groups conducted in
Spain, The Netherlands and Finland.

Country/Criteria Spain Netherlands Finland Total

Number participants
N = 20

(Dairy n = 10;
pork n = 10)

N = 16
(Dairy n = 8;
pork n = 8)

N = 20
(Dairy n = 10;
pork n = 10)

N = 56
(Dairy n = 28;
pork n = 28)

Mean Age of
Participants

Dairy focus group
Mage = 30.40; SD = 7.93

Pork focus group
Mage = 32.70; SD = 8.73

Dairy focus group
Mage = 28.25; SD = 7.94

Pork focus group
Mage = 34.13; SD = 6.64

Dairy focus group
Mage = 39.60; SD = 9.35

Pork focus group
Mage = 39.60; SD = 7.31

Dairy focus group
Mage = 33.07, SD = 8.41

Pork focus group
Mage = 35.57, SD = 7.56

Innovative Attitude
Scale

Dairy focus group
Minnovativeness = 17.90;

SD = 2.28
Pork focus group

Minnovativeness = 18.40;
SD = 3.27

Dairy focus group
Minnovativeness = 21.88;

SD = 2.58
Pork focus group

Minnovativeness = 21.88;
SD = 2.58

Dairy focus group
Minnovativeness = 17.1;

SD = 2.85
Pork group

Minnovativeness = 17.5;
SD = 3.03

Dairy focus group
Minnovativeness = 18.7;

SD= 2.57
Pork focus group

Minnovativeness = 19.07;
SD = 2.96

To ensure that the consumers participating in the pork or dairy focus groups did
not differ significantly from one another in terms of their attitudes towards animals (as
measured according to the Animal Attitude Scale [34]), the tendency to search for inno-
vative products (according to the novelty-seeking scale [35]) and the need for cognitive
stimulation (according to the need for cognition scale [36]), each participant was asked to

www.makery.fi
www.bureaufris.nl
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complete a post-discussion questionnaire. The results of this questionnaire did not reveal
any significant differences between the participants of either the pork or dairy focus group
discussions. This suggests that the prevailing attitudes of the participants towards animals,
their tendency to seek innovation and their need for cognitive stimulation can be neglected
when interpreting the qualitative data generated by the discussions.

We expected differences between the participants from different countries. To demon-
strate these differences, the same validated scales used in the post-questionnaire were
analysed. As expected, the results reveal that participants from the three European coun-
tries differ with regard to their attitudes towards animals and their need for cognition. The
animal-attitude scores of Finnish participants (M = 17.89, SD = 2.33) were significantly
lower than those of the Dutch (M = 19.50, SD = 2.50) and Spanish (M = 19.95, SD = 1.55)
participants. In contrast, Spanish participants (M = 11.84, SD = 2.69) tended to require
significantly less information than did either Dutch (M = 13.75, SD = 1.69) or Finnish
participants (M = 15.16, SD = 2.27). These differences accounted for the expected variance
between the three European countries (from North to South) [28–31].

2.2. Focus Group Procedure

To harmonise the data collection across the three countries, we used a pre-defined
protocol to conduct the focus group discussions. Before each discussion started, an expe-
rienced moderator explained the general objective and methodological approach of the
study and asked consumers to sign an informed consent form, thereby confirming their
voluntary participation in the focus group discussions, as well as their permission for the
discussion to be recorded, in accordance with the Declaration of Helsinki and the General
Data Protection Regulation of the European Union. After all participants had provided
their consent, the discussions began. After stating their initial impressions with regard
to PLF, the participants received a brief explanation of PLF, based on a pictorial graph
and technological examples (see Supplementary Material 1). In addition, the lifecycles
of pigs and dairy cows were displayed (see Supplementary Materials 2 and 3), in order
to provide a general understanding of the specific steps in the pork or dairy value chain,
thereby allowing participants to transfer their knowledge, ideas and concerns to the specific
research questions. The specific research questions were subsequently asked, according to
the pre-defined protocol [37]. Finally, the participants were requested to complete a short
post-discussion questionnaire.

Each focus group discussion lasted for 150–180 min, depending on the dynamics, the
number of participants and the country. To control for time-dependent events (e.g., a media
report on the possible mis-management of farm animals), all six of the discussions were
conducted during the same week in January 2020.

2.3. Topics and Questions Addressed

Based on a literature review, three topics that could be expected to be of relevance
with regard to shaping consumer perceptions of PLF technologies were identified. These
topics represent the core issues of the focus group discussions.

First, previous research identified that the consumers’ knowledge, pre-existing atti-
tudes, the risk and benefit appraisal and trust in the information source fundamentally
influence consumers’ perceptions of (technological) agricultural innovations [15–18]. In
the case of disruptive technological developments, such as PLF, the identified influencing
factors are usually impossible for consumers to assess, which in the past has often led to
strong resistance from a significant number of consumers [14,38,39]. It is, hence, of crucial
importance to identify the benefits and fears that consumers perceive in relation to PLF
technologies. Only when stakeholders within value chains have insight into the concerns
and demands of consumers can they actively target efforts in order to foster the acceptance
of PLF technologies. For this reason, the first phase of the focus group discussion concen-
trated on the technological, institutional and environmental opportunities and constraints
that consumers identified in relation to PLF (and associated technologies). This was done
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in order to explore factors that influence the likelihood that consumers will either accept
or reject PLF technologies. For this reason, participants in all three countries and in both
farming sectors were asked to answer the following question: In your opinion, what are the
technological, institutional and environmental opportunities and constraints of PLF technologies?

Second, as indicated before, the implementation of PLF technologies is expected to
have a fundamental impact on animal husbandry, farm animals and various processes
and stakeholders within the value chain [1,2,8,9]. It is, therefore, vital to investigate
what consumers believe with regard to how PLF (and the associated technologies) will
transform animal and livestock farming in the future. The second topic of the focus group
discussion examined the expected and future benefits and drawbacks associated with the
implementation of PLF technologies, along with the repercussions for production processes
in the dairy and pork value chains, based on the following questions: To what extent do you
think PLF will transform animal husbandry? How could the utilisation of PLF (and the associated
technologies) lead to improvements for society/farm animals/economic situations?

Third, product communication is a crucial aspect for the sale of products produced
using PLF [40]. To minimise information asymmetries between consumers and other
stakeholders within the value chains, various information approaches to inform consumers
about the credibility of product (credence) attributes have been used in the past. The
classic approach to informing consumers involves ‘signalling’, with the help of labels.
As indicated by the gap between attention and behaviour [41], however, these label ap-
proaches have not been very successful in responding to the dynamic needs of consumers
for information about specific product attributes (e.g., green consumption or animal wel-
fare) [42]. It is therefore important to understand how consumers obtain information when
making purchase decisions, as well as to explore the possible role played by innovative
PLF technologies in addressing information asymmetries within value chains and their
stakeholders [43]. Accordingly, the third topic of the focus group discussions addressed
the consumers’ demand for and ideas about communication approaches relating to PLF
(associated technologies), based on the following questions: How do you inform yourself
about livestock products at the point of sale? To what extent do labels influence your purchase
decisions? In your opinion, how should products produced using PLF look like? What would be the
ideal way to present information to you about products produced using PLF?

2.4. Data Analysis

The content of the recorded, qualitative data from all three European countries was
thematically transcribed, coded and analysed by experienced researchers in each country.
Summary notes of the observations and impressions were also integrated into the data
analysis. In order to guarantee an objective treatment of the collected data, the data
were reviewed and compared by at least two researchers in each country (who all had
experience with qualitative data analysis). More specifically, a content-analytic technique
was applied in order to extract information about the identified topics [37]. After the
individual country-level analysis, the results and conclusions drawn from the data analysis
were shared with the team of researchers from all three countries. In a joint workshop,
the results and conclusions of the focus group discussions were examined, discussed and
compared by topic, and similarities between the research findings from the three countries
were identified. Finally, conclusions were drawn.

3. Results

When confronted with the terminology of PLF, participants in the focus groups for
both farm animal species in all three countries indicated that they had ‘never heard’ about
PLF and its associated technologies. After introducing the concept of PLF to the partici-
pants, they understood its repercussions, such that they were able to think deeply about
the research questions, transferring their knowledge to the identified topics. Interestingly,
only minor differences could be identified between the pork and dairy groups with regard
to the participants’ perceptions of PLF, and several marginal differences were identified
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between participants in the three countries. The specific research findings associated with
the identified topics are depicted below, following the same topic-wise structure discussed
in Section 2.3, indicating the benefits and fears of the participants, along with the transfor-
mational impact and the communication practices associated with the implementation of
PLF technologies.

3.1. Consumer Perceptions of PLF: Benefits and Fears

Participants in each of the three countries identified several benefits and fears as-
sociated with the integration of PLF technologies within the respective value chains. In
particular, they reported expecting that PLF technologies would have the ability to improve
the transparency of livestock-farming practices within the value chains, as illustrated by
the following quotations:

• ‘[PLF data makes the] lives of pigs transparent’.
• ‘[PLF technologies provide] faster and detailed information about total effects in the big picture

[of livestock farming]’.

As a result of the improved transparency, PLF technologies were expected to ‘increase
the [consumers’] control of the whole production’, given that PLF data can be provided to
‘everyone’, and ‘if you [as a producer] have nothing to hide, why not provide all the relevant infor-
mation [concerning farm animals?]’. The participants further predicted that PLF technologies
would enhance food safety within the value chains, and that it would ‘increase [farm] animal
welfare’ and health and save the environment (e.g., by producing less CO2 emissions). The
participants’ belief that PLF would reduce CO2 emissions is connected to the observation
that PLF technologies would reduce ‘odour and noises’ around the farms. Participants in
all three countries expected that advancements relating to PLF and process optimisation
would enhance product quality and improve the health and welfare of farm animals.
Given the impact that these outcomes are assumed to have on the pricing of PLF products,
the participants reported expecting that products produced using PLF would be more
expensive in the short term (due to high investment costs). In the longer term, however,
they predicted that prices would decline once PLF technologies become integrated within
the value chains (thereby becoming the new normal), thus allowing consumers from all
socio-economic backgrounds to purchase PLF products.

Whilst the participants expected the integration of PLF (and the associated technolo-
gies) to bring a variety of benefits, they also expressed fears with regard to the implemen-
tation of PLF (including both technologies and data). Directly related to the notion that
PLF (and the associated technologies) can optimise livestock farming, participants from all
three countries noted that the implementation of PLF would carry the risk that livestock
farming would become more ‘robotised and digitalised’. The participants expressed particu-
lar concerns that PLF (and the associated technologies) would ‘replace farmers’ workplaces
with machines’, thus shifting the ‘power’ away from farmers towards a more ‘industrialised
[technology-based] production]’, with less ‘human attention to farm animals’. The concerns
about the negative consequences of PLF for farm animals and the stakeholders working
with them can be illustrated by the following quotation: ‘Farmers became farmers for a reason;
otherwise they [would] have become computer engineers’. Following up on this thought, partic-
ipants also expressed the concern that PLF technologies are vulnerable to cyber-attacks,
data leaks and/or misuse. These findings suggest that the integration of such technologies
is highly dependent upon the digital and energy infrastructure needed to implement and
apply them. With regard to the data generated by PLF, the participants expressed concerns
with regard to how trustworthy such data would be, asking ‘who is in charge of the data?’,
given that ‘data is knowledge’ and ‘knowledge is power’ (Table 2).
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Table 2. Benefits and risks associated with the integration of PLF and the associated technologies, as identified by focus
group participants.

Benefits Risks

Increased transparency in the value chain and its processes Increased digitalisation and robotisation in animal farming
Improved health and welfare of farm animals Decreased ‘human attention’ to farm animals→decreased animal welfare
Environmental improvements: less emissions Vulnerability of PLF technologies and data leaks

Improved productivity and control of production processes Highly dependent on the digital and energy infrastructure and supply
Improved food safety Lack of trust in the management of PLF data
Pain-free slaughtering More administrative work for stakeholders in the short term

More freedom for farmers More technological waste

Although participants from all three countries shared the aforementioned benefits
and fears associated with the integration of PLF technologies, several differences in opin-
ions were identified between the participants from the various countries. For example,
Finnish participants expected that PLF (and the associated technologies) would reduce the
workload of farmers and other stakeholders within the value chain, and that this would
ultimately translate into positive outcomes for consumers, as reflected in reduced prices for
PLF products. Dutch and Spanish participants were convinced that the integration of PLF
technologies would be expensive and that it would generate more administrative work for
farmers, with regard to analysing the data collected through PLF (this view ignores the
possibility of automatic data analysis), thus ultimately increasing product prices. Although
participants from all three countries expressed privacy concerns with regard to PLF tech-
nologies and data, those from the Netherlands were particularly concerned about privacy
issues in relation to the disclosure of PLF data.

3.2. Consumer Perceptions of PLF: Transformational Impact on Livestock Farming

Participants in all three countries agreed that the integration of PLF would generate
‘big chances’ in livestock farming. With respect to animal welfare, participants expected that
PLF technologies would improve farm animal health, detecting diseases earlier than con-
ventional methods. These technologies were thus expected to serve as a tool for forecasting
and ‘control’, thereby preventing situations that could endanger farm animals, whilst also
controlling and monitoring the health and welfare status of individual farm animals at any
given time. The participants further referred to the notion that data generated through PLF
could be used to inform consumers about ‘the [good] life of the animals’ and to create a ‘guide
of the best [practices for] pig producers’ in order to enhance ‘excellence’ in practice, improve
animal welfare and enhance the quality of products produced through PLF (similar to the
‘Michelin’ guide, which awards up to three Michelin stars to hotels and restaurants for
excellence in cuisine (https://guide.michelin.com)).

With regard to the actual production processes and stages of farm animals, the partici-
pants expected that PLF would affect current practices once the technologies have been
integrated in the value chains. In the reproduction stage of pigs and heifers, the participants
expressed the expectation that PLF and the associated technologies would foster genetic
control in order to improve breeding practices, thereby resulting in healthier and better
performing farm animals. Interestingly, although they expected that the integration of PLF
technologies would reduce the ‘stress’ of animals in the process of rearing of pigs, they
expected that it would increase ‘stress’ in dairy cows, as ‘the cow’s life would be data-driven’,
thereby ‘reducing interactions with farmers’.

With regard to transportation and slaughtering procedures, the participants expressed the
expectation that PLF technologies would help to ensure that farm animals would not suffer
during transportation (e.g., by regulating the feed and water supply), thus allowing for the
‘ethical transportation treatment’ of farm animals. Moreover, they expected that PLF technolo-
gies could ensure that farm animals would ‘not suffer’ during the slaughtering process, for
example by measuring whether the animals are properly anaesthetised before slaughter.

The participants expressed the expectation that the distribution and marketing of
PLF products would benefit from the integration of related technologies within both

https://guide.michelin.com
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farming sectors. With regard to pork production, participants expected PLF and the data
that it would generate to provide evidence of particular product attributes (e.g., sanitary
control, quality aspects and/or food safety), which could subsequently be communicated to
consumers. In the dairy value chain, participants expected that PLF would make it possible
to predict the exact amount of milk needed by the market. This was further expected to have
direct consequences for the value chain (e.g., in terms of logistics/transportation costs).

3.3. Consumer Perceptions of PLF: Is It Purely a Matter of Communication?

Participants in all three countries indicated that labels continue to be the primary
source of information about animal-based products at the point of sale. At the same time,
however, they indicated that the information displayed through labelling approaches is
often perceived as ‘confusing’ and/or untrustworthy, given that it is ‘provided by big compa-
nies’, which tend to be perceived as less trustworthy. Participants indicated that product
information should be displayed in an ‘easily accessible, recognisable, understandable and
attractive manner’. Several product attributes were identified as being of crucial importance
to the evaluation of innovative pork or dairy products: (i) health and food-safety moni-
toring, (ii) production system, (iii) origin of farm animals and (iv) possibility of visiting
the farm. Interestingly, participants expressed reluctance to buy meat products online, as
they preferred to ‘see’ and ‘feel’ them with their ‘own eyes and hands’, such that they could
evaluate these product attributes themselves.

As indicated above, participants identified trust in the information provided (and
its source) as an important aspect for consumers. Participants indicated that they would
trust PLF and the associated technologies if the data were to be validated by a trustworthy
organisation. Conversely, they would not trust PLF data that were managed by companies
that could be expected to care solely about their own economic benefits. The participants
in the three countries differed with regard to their reasons for trusting or not trusting
animal-based products. For example, Finnish participants identified the origin of the
product as an important product attribute, which should be indicated on or with a product.
Spanish participants reported that they do not evaluate all of the details provided on labels,
instead using only a few (label-based) information cues. Dutch participants interpreted
new labels in relation to existing labelling approaches. Although participants from all
three countries identified labels as an important source of information, they also noted
that the information provided by static label approaches is not sufficient, and that future
labelling approaches should go beyond the informational level of existing, ‘traditional’
animal-based labels, including the possibility to obtain information through innovative,
dynamic communication technologies.

4. Discussion and Implications

As indicated by the findings of this qualitative study, it is of crucial importance for
researchers and practitioners to consider the opportunities and concerns identified by
consumers as early as possible in the development and implementation of innovative
PLF technologies [14]. To date, this perspective has been largely ignored, even though
consumers are unlikely to accept the utilisation of products produced through PLF until
they perceive such technologies as legitimate [44]. In this light, the focus group discussions
conducted in this study identified a number of opportunities presented by PLF technologies,
as well as three over-arching concerns that should be considered by both researchers and
practitioners when implementing PLF technologies: (1) the fear that the integration of
PLF technologies will introduce more industrialisation, digitalisation and robotisation into
livestock farming production; (2) the concern that PLF data can be manipulated and/or
that cyber-criminals can gain unauthorised access to PLF systems; and (3) the concern that
PLF information will not be communicated adequately to consumers, thereby ignoring
their need for personalised information on which to base their purchase decisions.
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4.1. The Fear of Industrialisation, Robotisation and Digitalisation

Participants in the focus group discussions expressed the fear that the integration
of PLF technologies will introduce more industrialisation, digitalisation and robotisation
to the livestock farming production. Such beliefs fuel the fear that robots, machines
and/or algorithms will ultimately be capable of replacing humans in their daily working
routines once they reach a certain level of effectiveness. This would have several negative
consequences, as it could reduce ‘human attention’ to farm animals, thereby reducing the
level of emotional attachment to farm animals and decreasing the welfare of both humans
and animals. This finding is also consistent with the OneWelfare approach, e.g., [45],
which emphasises the interconnectedness of animal welfare, human wellbeing and the
conservation of the environment as a whole. Moreover, the consumer concerns identified
in this study are consistent with the results of studies on the practices used to manage the
health and welfare of farm animals, which emphasise consumer preferences for natural,
non-invasive approaches to manage farm animals, e.g., [46].

The fluctuating risk–benefit analyses of consumers with regard to the ways in which
PLF is likely to influence animal-based production chains, farm animals and relevant
stakeholders thus reflect a dilemma. This is largely because although consumers are willing
to accept innovative PLF technologies (when the perceived personal benefits outweigh the
perceived risks [47]), they tend to be critical, or even afraid, of PLF technologies, as they
are perceived to place humans in competition with robots and computers for employment
and other fundamental resources [48,49]. This finding has implications for consumer
acceptance of PLF technologies, because it offers an addition to the frequently mentioned
influencing factors, such as consumers’ prior knowledge [15], their attitudes towards the
technology [16], the transparency of a technology [50], the behavioural control [51] and
the (institutional) trust associated with a technology [18]. Accordingly, when integrating
PLF technologies, it would be advisable to educate consumers about the personal benefits
associated with PLF technologies, in order to allay their possible fears [52]. Stakeholders
should also present evidence of these benefits, focusing on existing achievements that
may increase consumer trust in PLF innovations (e.g., by highlighting the advantages
of PLF technologies for the health and welfare of animals or the increased transparency
of processes within the value chain). In this regard, however, it is important to consider
country-specific differences. For example, stakeholders could highlight country-specific
data-protection strategies when using PLF technologies, thereby addressing the needs of
consumers in specific countries.

4.2. The Concerns Related to Cyber-Crime and Data Misuse

Participants in the focus groups expressed the concern that PLF technologies and
data could be manipulated by stakeholders within the value chain or by external parties
seeking economic benefits. They also referred to the risk that cyber-criminals could gain
unauthorised access to PLF systems. These concerns are also expressed by other value
chain stakeholders [53,54]. The consumers’ concerns may be a result of the complexity
of PLF technologies and data, which makes it particularly challenging for consumers to
understand how these innovative technologies and the data that they collect can assist
animal-based value chains and their stakeholders. In light of this complexity, consumers
form their opinions about PLF technologies based on their “gut feelings”, which results
in so-called heuristic-based information processing and judgments [14]. These aspects
seem to be greatly influenced by the consumers’ individual characteristics [14]. The per-
ceived vulnerability of PLF technologies and the hypothetical misuse of PLF data were
therefore identified as additional fundamental challenges in the implementation of PLF
technologies. To address these consumer concerns and to guarantee the validity, reliability
and trustworthiness of PLF technologies (and particularly the data generated by these
technologies), consumers should be informed about the security measures that have been
taken to guarantee the security and validity of PLF data. Unless consumers understand
and perceive such measures as trustworthy, they will not have confidence in the informa-
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tion generated by PLF technologies [14,55]. Consequently, the end-users of the data (e.g.,
retailers, intermediaries and producers) may consider cooperating with trustworthy, inde-
pendent institutions, which could help to secure and validate the data obtained through the
use of innovative PLF technologies, as perceived by consumers. These partners could be
independent institutional bodies (e.g., governmental agencies or non-profit organisations),
or they could be developed through innovative technological solutions (e.g., blockchain
technology). Regardless of the measures implemented to validate PLF technologies and
data, consumers need to perceive them as legitimate [44,56]. The European Code of Con-
duct for agricultural data sharing by contractual agreement may be a first step in the right
direction, as it strengthens trust between value chain stakeholders and consumers [57]. In
a similar manner, secured and validated PLF data could be used to provide information
about ‘excellence’ in production practices, thereby generating opportunities for business
innovations, innovative products, brands or even production systems.

4.3. The Concerns Relating to Inadequate Communication Systems

The participants understood that the implementation of PLF practices and the as-
sociated potential for collecting and exploiting innovative data could offer a solution to
their fundamental need for specific, personalised information about farm animals. In
the absence of alternatives, however, most of the participants noted that they currently
retrieve product information from product labels or by asking sales representatives for
additional information. The participants perceived the advancing technological devel-
opment within the field of information system and communication (e.g., social media,
online shopping, retail innovation) and the utilisation of existing innovative technological
solutions to provide validated, real-time PLF data as beneficial, as these developments
addressed their dynamic need for information. These results support current voices that
consider innovative (communication) technology to be at the core of modern retailing [58].
Participants therefore called for more holistic and dynamic approaches to communication,
whilst noting that the utilisation of the most commonly applied static label approaches (the
informational ‘push principle’) is insufficient. Accordingly, the participants also called for
the organisation (or re-organisation) of existing communication approaches according to
an informational ‘pull principle’, which would allow consumers to request and receive
trustworthy information about specific product attributes, PLF production systems or
PLF technologies, depending on their personal situations, the environmental context or
their product-related involvement [59]. Such an application would allow stakeholders
within the value chain (e.g., retailers) to cope with the heterogenous demands for more
and detailed information about animal-based products (as expressed by the European
consumers participating in this study), thereby helping consumers to make well-considered
purchase decisions based on considerations of animal welfare [60]. The development of dy-
namic and personalised consumer applications based on PLF technologies and data could
therefore allow consumers to specify a priori informational demands for animal-based
products. Real-time PLF data could then be aligned to the indicated specifications, thus
displaying/suggesting only products that would meet the indicated consumer preferences,
thus reducing the complexity faced by consumers when taking decisions on animal-based
products at the point of sale, regardless of the shopping environment (online or offline).

5. Conclusions

Focus group participants from three European countries expressed the expectation
that the integration of PLF technologies within the system of farm animal production would
lead to improvements in the health and welfare of farm animals and the environment,
in addition to enhancing the transparency and control of processes and stakeholders
within the value chain. The participants also identified three over-arching consumer
concerns: the fear that the integration of PLF (and the associated technologies) will lead
to more industrialisation, digitalisation and robotisation in livestock-farming production
systems; the vulnerability of innovative PLF technologies and the risk that PLF data
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will be misused, and the concern that PLF information is not communicated adequately.
Researchers and practitioners should take the identified concerns and the cross-cultural
differences into account when implementing PLF technologies, in order to explore and
foster consumer acceptance of PLF technologies across Europe. Meanwhile, differences
in consumer perceptions of PLF between the pork and dairy value chains seem to play a
subordinate role.

The present qualitative research findings help to fill the research gap on consumer
perceptions of PLF technologies and provide guidance on how to address the identified
consumer concerns about PLF technologies. Future studies should elaborate on the con-
sumer perspectives in greater detail. In order to cover the vast and heterogenous group of
consumers and farm products, a quantitative research approach might be the logical next
step in this research process. Such an approach might also incorporate countries from the
‘West to East’ of the European Union.
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48. Fraune, M.R.; Sherrin, S.; Šabanović, S.; Smith, E.R. Is human-robot interaction more competitive between groups than between

individuals? In Proceedings of the 14th ACM/IEEE International Conference on Human-Robot Interaction, Daegu, Korea, 11–14
March 2019; IEEE: Piscataway, NJ, USA, 2019; pp. 104–113.

49. Złotowski, J.; Yogeeswaran, K.; Bartneck, C. Can we control it? Autonomous robots threaten human identity, uniqueness, safety,
and resources. Int. J. Hum. Comput. Stud. 2017, 100, 48–54. [CrossRef]

50. Astill, J.; Dara, R.A.; Campbell, M.; Farber, J.M.; Fraser, E.D.; Sharif, S.; Yada, R.Y. Transparency in food supply chains: A review
of enabling technology solutions. Trends Food Sci. Technol. 2019, 91, 240–247. [CrossRef]

51. Kamrath, C.; Wesana, J.; Bröring, S.; De Steur, H. What do we know about chain actors’ evaluation of new food technologies? A
systematic review of consumer and farmer studies. Compr. Rev. Food Sci. Food Saf. 2019, 18, 798–816. [CrossRef] [PubMed]

52. Frewer, L.J. Consumer acceptance and rejection of emerging agrifood technologies and their applications. Eur. Rev. Agric. Econ.
2017, 44, 683–704. [CrossRef]

53. Wiseman, L.; Sanderson, J.; Zhang, A.; Jakku, E. Farmers and their data: An examination of farmers’ reluctance to share their data
through the lens of the laws impacting smart farming. NJAS Wagening. J. Life Sci. 2019, 90, 100301. [CrossRef]

54. Jakku, E.; Taylor, B.; Fleming, A.; Mason, C.; Fielke, S.; Sounness, C.; Thorburn, P. “If they don’t tell us what they do with it, why
would we trust them?” Trust, transparency and benefit-sharing in Smart Farming. NJAS Wagening. J. Life Sci. 2019, 90, 100285.
[CrossRef]

55. Lusk, J.L.; Roosen, J.; Bieberstein, A. Consumer acceptance of new food technologies: Causes and roots of controversies. Annu.
Rev. Resour. Econ. 2014, 6, 381–405. [CrossRef]

56. Anagnostou, A.; Ingenbleek, P.T.; van Trijp, H.C. Sustainability labelling as a challenge to legitimacy: Spillover effects of organic
Fairtrade coffee on consumer perceptions of mainstream products and retailers. J. Consum. Mark. 2015, 32, 422–431. [CrossRef]

57. van der Burg, S.; Wiseman, L.; Krkeljas, J. Trust in farm data sharing: Reflections on the EU code of conduct for agricultural data
sharing. Ethics Inf. Technol. 2020, 1–14. [CrossRef]

58. Grewal, D.; Gauri, D.K.; Roggeveen, A.L.; Sethuraman, R. Strategizing Retailing in the New Technology Era. J. Retail. 2021, 97,
6–12. [CrossRef]

59. Laurent, G.; Kapferer, J.N. Measuring consumer involvement profiles. J. Mark. Res. 1985, 22, 41–53. [CrossRef]
60. De Jonge, J.; van Trijp, H.C. Meeting heterogeneity in consumer demand for animal welfare: A reflection on existing knowledge

and implications for the meat sector. J. Agric. Environ. Ethics 2013, 26, 629–661. [CrossRef]

http://doi.org/10.1108/JCM-10-2014-1179
http://doi.org/10.1016/j.im.2015.06.003
http://doi.org/10.5465/amr.1995.9508080331
http://doi.org/10.1136/vr.i5470
http://doi.org/10.1371/journal.pone.0210432
http://doi.org/10.5751/ES-04389-160423
http://doi.org/10.1016/j.ijhcs.2016.12.008
http://doi.org/10.1016/j.tifs.2019.07.024
http://doi.org/10.1111/1541-4337.12442
http://www.ncbi.nlm.nih.gov/pubmed/33336924
http://doi.org/10.1093/erae/jbx007
http://doi.org/10.1016/j.njas.2019.04.007
http://doi.org/10.1016/j.njas.2018.11.002
http://doi.org/10.1146/annurev-resource-100913-012735
http://doi.org/10.1108/JCM-11-2014-1213
http://doi.org/10.1007/s10676-020-09543-1
http://doi.org/10.1016/j.jretai.2021.02.004
http://doi.org/10.1177/002224378502200104
http://doi.org/10.1007/s10806-012-9426-7

	Introduction 
	Materials and Methods 
	Participants 
	Focus Group Procedure 
	Topics and Questions Addressed 
	Data Analysis 

	Results 
	Consumer Perceptions of PLF: Benefits and Fears 
	Consumer Perceptions of PLF: Transformational Impact on Livestock Farming 
	Consumer Perceptions of PLF: Is It Purely a Matter of Communication? 

	Discussion and Implications 
	The Fear of Industrialisation, Robotisation and Digitalisation 
	The Concerns Related to Cyber-Crime and Data Misuse 
	The Concerns Relating to Inadequate Communication Systems 

	Conclusions 
	References

