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Abstract
Societal attitude acceptance can influence the digital transformation in agriculture. Digital technologies, such as robots in 
dairy farming, can lead to more sustainable, animal welfare-friendly and consumer-oriented milk production. This study 
used the example of the milking and feeding robots to investigate whether society accepts the use of robots in dairy farming 
and whether there are differences in society based on perceived risks and opportunities of digitalization in dairy farming and 
acceptance. To this end, an online-based study was conducted with a total of 1007 citizens in Germany. Overall, the respond-
ents in this study suspect that the use of robots in dairy farming is associated with various risks but also with opportunities 
for society and for farmers in particular. However, these attitudes are quite heterogeneous. Four clusters could be identified: 
“proponents of robots”, “indifferent citizens”, “skeptical citizens”, and “critical supporters of robots”. Proponents of robots 
see only opportunities and little risks, whereas the critical citizens perceive not only opportunities but also many risks of 
using robots in dairy farming. The indifferent citizens show a rather indifferent attitude, in contrast to the skeptical citizens, 
who reject the opportunities at the societal level, while they agree with the opportunities of robots for farmers. This research 
contributes to understanding societal attitudinal acceptance and highlights differences in society that can help inform future 
decisions about the development and adoption of robots in dairy farming.

Keywords Digital transformation · Societal attitude acceptance · Risk perception · Opportunity perception · Dairy farming 
robots

Introduction

Technological and, especially, digital development is 
increasingly being leveraged in agriculture. Digital Farm-
ing refers to similar technological developments in the 
agricultural sector as “industry 4.0” does in the industrial 
sector. Digitalization in agriculture essentially comprises 
two stages of development: precision and smart farming, 
where precision farming is an information-based approach 
and smart farming is knowledge-based. In the first approach, 
information is digitally processed to provide decision sup-
port to farmers. In the second approach, the entire “farming 

process” can be optimized through the use of information 
and communication technologies, where machines gather 
information, process data, and provide autonomous decision 
support (Bovensiepen and Hombach 2016). In recent years, 
a wide range of precision livestock farming technologies 
(PLF technologies) has been developed in the field of dairy 
farming. These primarily include feeding and milking robots 
and automatic manure removal systems (Digital Agriculture 
Network 2021). Such PLF technologies support farmers in 
their daily work and inform them via human–machine inter-
faces, e.g., about deviations in animal health data (Schukat 
et al. 2019; Akbar et al. 2020; Akhigbe et al. 2021). How-
ever, farmers appear to be hesitant in adopting such tech-
nologies (Mohr and Kühl 2021) and the diffusion of PLF 
technologies in dairy farms has been rather heterogeneous 
(Rutten et al. 2018). According to the International Farm 
Comparison Network (IFCN) (2020), the percentage of dairy 
cows milked by robots ranges from less than 1% in some 
countries to over 30% in others, with robotic milking being 
most widespread in Europe. In general, the use of robots on 
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dairy farms has increased significantly since the 1990s and 
continues to grow, although other types of robots are still in 
the early stages of development (Wendl 2015).

In many ways, however, digital farming is already being 
discussed as a “miracle solution” to meet future challenges 
in agriculture (Federal Agency for Agriculture and Food 
Germany 2021). Digitalization is supposed to help produce 
significantly more food in an environmentally friendly, sus-
tainable, and animal welfare-friendly manner in the face of 
an increasing shortage of skilled labor and limited resources 
(Wolfert et al. 2017; Shepherd et al. 2018). However, PLF 
is also changing the way farming is done, what it means to 
be a farmer, and how the profession of farming is perceived 
by society (Block and Long 2016; Henchion et al. 2022). 
Digitalization and automation of agricultural work are seen 
primarily as an alienation from a social perspective (Dries-
sen and Heutinck 2015). For example, dairy cows increas-
ingly appear as production resources in strictly monitored 
production facilities (Stuart et al. 2012). Digitalization inten-
sifies the development of industrialization of agriculture and 
thus contradicts existing public perceptions of a small-scale 
farming system (Short 1992; Block and Long 2016; Pfeiffer 
et al. 2020). In addition, it is assumed that the future focus 
of livestock farmers will lie on the interpretation of data, 
and the contact between farmer and livestock becomes irrel-
evant: “farmers become more concerned with data manage-
ment rather than with animal husbandry, [therewith] animal 
welfare issues could arise” (Block and Long 2016, p. 552). 
Social-ethical concerns related to digital agriculture exist 
on the part of farmers and society (Rose and Chilvers 2018) 
but have received little attention in research (Henchion et al. 
2022), even though the relevance for societal acceptance 
analysis of agricultural innovations has been recognized 
(Asveld et al. 2015; Frewer 2017; Rose and Chilvers 2018; 
Pfeiffer et al. 2020).

For example, the responsible research and innovation 
(RRI) approach demonstrates the need to anticipate and 
assess societal expectations regarding research and inno-
vation to support the design of inclusive and sustainable 
innovation (European Commission 2020). Specifically, in 
the context of precision and smart dairy farming, there is a 
requirement for citizens to be involved in the socio-ethical 
discourse of digitalization agriculture to develop a more 
sustainable dairy production (Eastwood et al. 2019). The 
inclusion is important to ensure a successful implementa-
tion of digitalization and to prevent the gap between socially 
desired images (personal values) and real farming practices 
from becoming even wider than it already is in many areas 
of agriculture (Verbeke et al. 2007; Scientific Advisory 
Board Agricultural Policy 2015). There are several concep-
tualizations of RRI, including the anticipation, inclusion, 
reflexivity, responsiveness (AIRR) concept. However, prior 
to the inclusion of diverse stakeholders, the AIRR concept 

incorporates future-related analyses (anticipation) to iden-
tify potential economic, societal, and environmental impacts 
linked to precision and smart dairy farming. To date, the RRI 
approach has failed to adequately address the participation 
of citizens and consumers in this context (Rose and Chilvers 
2018; Eastwood et al. 2019). According to the AIRR indi-
cators proposed by Eastwood et al. (2019), public opinion 
surveys should be included as foresight exercises into the 
anticipation step. Building upon this, future scenarios for 
smart dairy farming can be developed in further steps of the 
approach, followed by the inclusion of stakeholder perspec-
tives into technology development.

The aim of this paper is therefore to gain initial insights 
into societal acceptance and to identify possible differences 
in society (in the form of citizen segments) based on the 
perceived risks and opportunities of digitalization in dairy 
farming (specifically using the example of milking and 
feeding robots) and attitudinal acceptance. The results help 
to develop possible solutions and strategies for improving 
the societal acceptance of robots in dairy production. The 
analysis is based on an online survey with 1007 citizens in 
Germany. A principal component and cluster analysis are 
applied.

First, the current state of research on societal accept-
ance in agriculture is presented, followed by a definition of 
the term acceptance. Then the methodological procedure 
is explained, and the results are presented. Subsequently, 
these are critically discussed with the existing literature and 
recommendations for action and limitations are derived.

Research background

Societal acceptance toward the digitalization 
of agriculture

In the course of societal acceptance research, many models 
of investigation and attitudes have been developed over a 
long period of time with different focuses and considering 
various influencing factors (Bredhal et al. 1998; Ronteltap 
et al. 2007; Frewer et al. 2011; Huijts et al. 2012). Gupta 
et al. (2012) noted that socio-psychological factors in par-
ticular influence the societal acceptance of technologies. In 
this context, the perception of various potential opportu-
nities and risks associated with the respective technology 
is an important predictor for the acceptance of a technol-
ogy (Schweizer-Ries et al. 2010; Huijts et al. 2012; Liebal 
and Weber 2013; Sonnberger and Ruddat 2016). Rejection 
of a technology is stronger the more negatively the risks 
are evaluated. If many opportunities are associated with a 
technology, there is a positive effect on acceptance (Bredhal 
et al. 1998). However, it is generally assumed that societal 
acceptance is greater when benefits become tangible and 
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concrete (Bredhal et al. 1998; Burgess 2010; Frewer 2017). 
The use of technologies in agriculture will therefore only be 
accepted by society if the opportunities of digitalization are 
recognized and its risks declared inapplicable (Beghin et al. 
2021). In this context, it is noteworthy that digitalization has 
been integrated into livestock farming since the 1970s. Milk-
ing and feeding technologies have made significant progress 
in recent decades, accelerated by the advent of robotics in 
this field (Jungbluth 2017; Hostiou et al. 2017). As a result, 
numerous opportunities for improving livestock manage-
ment developed.

The trend of increasing automation is evident in German 
dairy farming, with a steady growth in interest among dairy 
farmers in robots (Simões Filho et al. 2020). More than half 
of the dairy farmers in Germany choose a milking robot 
when deciding for a new milking system (Beber et al. 2021). 
Additionally, German dairy farms follow an intensive capi-
talization and expansion strategy and are the leading dairy 
producers in the EU. They are recognized as pioneers in 
the field of dairy farming (Ibid.). However, dairy produc-
tion in Germany, as well as in other countries, faces various 
social and operational challenges such as animal welfare, 
climate protection, and price pressure. Scientists and poli-
cymakers believe that the presence of conflicting objectives 
within these challenges necessitates considering smart dairy 
farming as a promising solution to address both the societal 
issues associated with dairy farming and the operational 
challenges faced by dairy farmers (Dorfner 2018; Eastwood 
et al. 2019; Zanin et al. 2020). Hence, both Germany and 
other EU countries are increasingly emphasizing the digital 
transformation of the sector (Network Digital Agriculture 
2021), rendering Germany an appropriate exemplification 
for the current research project.

In this regard, it is of considerable importance to use the 
example of milking and feeding robots to find out whether 
citizens perceive opportunities and risks of this technol-
ogy and specifically what these are. Only if this becomes 
evident further steps can be considered to foster societal 
acceptance, which could also be extended to other coun-
tries (Krampe et al. 2021). Potential societal opportunities 
of robots in the dairy sector can be identified as improv-
ing animal welfare and creating more transparency in dairy 
production (Stuart et al. 2012; Henchion et al. 2022). PLF 
technologies generate data that provide information about 
health status and feeding and milking behavior, which can 
lead to increased animal welfare, as well as improved food 
safety (Krampe et al. 2021). Digitalization can also help 
bring consumers and farmers closer together; for example, 
data informs citizens about the lives of farm animals and 
can make particularly good farm practices visible (Carolan 
2015). Open-access data provides insights into the extent to 
which PLF technologies actually contribute to solving soci-
etal problems, such as promoting food safety and sustainable 

management (Carolan 2015; Wolfert et al. 2017). A more 
efficient production and provision of food (Vierboom et al. 
2006), considering the conservation of nature and animals, 
is also identified as another societal benefit of digitalization 
(Godfray and Garnett 2014).

Furthermore, digitalization can bring benefits beyond 
those that directly impact citizens, and these can also influ-
ence societal acceptance. If only a few personal positive 
aspects are associated with a technology, the view that 
industry, users, or manufacturers benefit from these tech-
nologies shapes the societal perception (Frewer et al. 2011). 
In this context, considerations play a role as to which (nega-
tive or positive) consequences are caused by the object of 
acceptance that could be relevant for other social groups, 
such as friends, family, future generations, or even for nature 
(Bredhal et al. 1998, p. 256). Thus, for the present research 
context, society’s perception of the opportunities of PLF 
technologies for farmers is also relevant. Improved work 
life balance, increased flexibility, efficiency and productiv-
ity, labor savings, financial benefits, and improved animal 
monitoring are described as the main opportunities of using 
robots for farmers (Stuart et al. 2012; Regan 2019). How-
ever, to fully harness the opportunities of digitalization, 
farmers must be willing to use and invest in such technolo-
gies. Moreover, they must learn to properly utilize digital 
technologies, analyze and interpret the generated data, and 
effectively apply the collected data knowledge (Higgins et al. 
2017). In turn, farmer adoption is influenced by various fac-
tors such as perceived usefulness, ease of use, social norms, 
and normative and control beliefs (Paustian and Theuvsen 
2017).

In addition to the opportunities, perceived risks that could 
be of social relevance are also discussed in the literature 
(Bredhal et al. 1998; Frewer et al. 2011; Gupta et al. 2012). 
In the agricultural technology acceptance discourse, per-
ceptions toward interventions in nature (actions taken by 
humans that affect the natural environment), loss of tradi-
tions, and treatment of animals have been found to be par-
ticularly relevant (Boogaard et al. 2011a). These aspects can 
be subsumed under the concept of naturalness (Segerdahl 
2007). Lack of naturalness is mainly related to perceived 
risks of a technology (Sjöberg 2004; Ronteltap et al. 2007). 
In the agricultural context, naturalness is also associated 
with “freedom” and “extensive, small-scale agriculture”, 
with freedom being defined as animals and plants being 
able to behave according to their natural instincts (Clark 
et al. 2016). However, robots tend to increase herd size, 
implement more efficient management practices, and lead 
to standardization and intensification of milk production 
(Stuart et al. 2012). Rose et al. (2021) assume that this will 
lead to smaller farms leaving the dairy industry. Increased 
robotization and automation of agriculture may also cause 
farmers to lose experiential and observational values, to 
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pay less attention to their dairy cows, and thus to a reduced 
or disconnected farmer–animal connection (Krampe et al. 
2021; Rose et al. 2021). This could result in a variety of risks 
to animal health and welfare (Regan 2019).

In the course of advancing digitalization, the issue of 
data security has also gained importance (van der Burg et al. 
2019) and represents a potential risk (Regan 2019). Further-
more, the uncertain development in the labor market is also 
critically discussed; robots could replace farmers in the long 
term (Bronson et al. 2018; Rotz et al. 2019). Undoubtedly, 
digitalization will reduce manual labor but also substitute 
many existing farm worker jobs and reduce traditional farm-
ing practices (van der Burg et al. 2019; Rose et al. 2021).

So far, there is a lack of evidence on how society per-
ceives and evaluates the potential risks and opportunities 
of digital technologies for dairy farming (see overview in 
table one) as described in the literature. However, Pfeiffer 
et al. (2020) found that critical concerns are expressed more 
frequently for technologies that relate specifically to animal 
husbandry than for technology that relates purely to crop 
farming. Basically, in the field of livestock production, a 
social dilemma exists between efficient and profitable pro-
duction, the so-called positive side of modernity, and the 
reduction of naturalness and tradition, the so-called nega-
tive side of modernity (Boogaard et al. 2011a). Boogaard 
et al (2010) discovered that consumers value a combina-
tion of “seemingly contradictory aspects of technologies 
and nature” in agricultural production systems and specifi-
cally expect this for dairy production (Cardoso et al. 2016) 
(Table 1).

In the context of modern livestock farming, societal 
acceptance research has predominantly focused on animal 
welfare (Kendall et  al. 2006; Deemer and Lobao 2011; 
Weary and von Keyserlingk 2017). Only few studies exam-
ine the overall societal acceptance of advancing digitaliza-
tion. In the field of robotics, the milking robot in particular 
has been the subject of various societal acceptance analyses, 
as it was one of the first digital innovations in dairy pro-
duction. However, the focus lies here again primarily on 
the interactions between humans, animals, and technology 

and the implications for animal welfare (Wenzel et al. 2003; 
Holloway et al. 2014) rather than on the overall societal per-
spective. A study by Millar et al. (2002) analyzed consumer 
attitudes toward the use of milking robots and noted that 
many socio-ethical concerns at that time primarily related 
to animal welfare, but other factors, such as impacts on the 
environment, were viewed more positively. Nevertheless, the 
majority of respondents did not welcome the introduction of 
robots in dairy production and called for specific legislation 
on the use of milking robots (Millar et al. 2002).

However, acceptance is an instable construct that can 
change depending on time and situation due to changing 
framework conditions and perceptions in society (Lucke 
1995; Hüsing et al. 2002; Schäfer and Keppler 2014). For 
the field of robotics in dairy farming, there is a lack of 
new insights, and it is partly unclear to what extent society 
accepts digital technologies in different application areas of 
agriculture. Against the background of ambiguity in the lit-
erature described above, the question of societal acceptance 
is about ascertaining how the acceptance object is perceived 
by society and what risks and opportunities are associated 
with the usage of robots in dairy farming.

Concept of societal acceptance in the research 
context

Given the great complexity of the concept of acceptance, it is 
necessary to define societal attitudinal acceptance and adapt 
it to the research context of this study. The term acceptance is 
assumed to be a two-dimensional phenomenon consisting of 
an attitude dimension and an action dimension (Müller-Böling 
and Müller 1986), with the attitude component comprising 
the central dimension of acceptance, which precedes action 
acceptance (Schäfer and Keppler 2014). The concept of atti-
tudinal acceptance is understood to be a positive attitude or 
assessment toward an object of acceptance. Moreover, accept-
ance must always be understood in the context of the three 
components subject, object, and context (Lucke 1995; Hüsing 
et al. 2002). Related to the present context, acceptance pro-
ceeds from a society (acceptance subject), which refers to an 

Table 1  Overview of 
opportunities and risks of 
precision dairy farming 
technologies

Source: own illustration

Opportunities Risks

Improvement animal welfare and animal health Potential mistreatment of animals
Increased transparency in the value chain Data security
Digital networking (connection farmer and consumer) Reduction of naturalness and tradition
Improved food safety Increased standardization and intensification
Efficient production Negative impact on natural environment
Better work-life balance for farmers Disconnection farmer–animal
Enhanced employee motivation/support Shifts in the labor market and employment patterns
 → Positive side of modernity  → Negative side of modernity
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acceptance object (robots in dairy farming, e.g., milking and 
feeding robots) and manifests itself in an environment deter-
mined by the subject and object, i.e., the acceptance context 
(social and cultural framework conditions) (Hüsing et al. 2002, 
p. 24). Acceptance is thus not an immutable characteristic of 
a society as a whole, but rather a complex and multi-layered 
phenomenon. It requires suitable indicators (influencing fac-
tors) to make acceptance measurable (Hüsing et al. 2002).

For the present study, we examine the perceptions of 
risks and opportunities as object-related factors (Bredhal 
et al. 1998; Burgess 2010; Gupta et al. 2012). In the further 
course, subject-related factors such as socio-demographics, 
connection to agriculture, general attitudes toward dairy 
farming, and desired expectations of dairy farming are also 
associated with the object-related factors to emphasize indi-
vidual differences in society. Since it is assumed that gen-
eral values and attitudes of citizens (such as toward animal 
welfare, or dairy farming itself) are a basic prerequisite for 
acceptance, we include attitudes toward dairy farming in our 
study (Bredhal et al. 1998; Ronteltap et al. 2007; Pfeiffer 
et al. 2020). According to Boogaard et al. (2011a), the more 
familiar people are with agriculture and the more contact 
they have with it, the greater the acceptance. The factors 
of knowledge, experience, and contact with agriculture are 
therefore considered to have a large influence in the context 
of societal technology acceptance (Sharp and Tucker 2005; 
Boogaard et al. 2011b). In addition, desired expectations 
of agriculture are thought to influence societal acceptance 
toward technology use (Boogaard et al. 2011a), so we que-
ried society’s desired expectations of future dairy farming to 
identify a deeper understanding of differences in acceptance 
across society. In order to capture the variety of possible 
forms of acceptance, the acceptance dimensions listed in 
Fig. 1 were considered and queried according to the sys-
tematization approach of Sauer et al. (2005).

The dimensions of acceptance range from resistance 
(negative + active) and rejection (negative + passive) to 
acquiescence/indifference (passive; acquiescence with a 
negative bias, indifference with a positive bias) to endorse-
ment (positive + passive) and engagement (positive + active 
acceptance). Sauer et al. (2005) extend this dimension by 
conditional acceptance (positive + with an active tendency). 
This dimension implies an acceptance that is based on 
rational considerations and is linked to certain conditions 
or demands of the acceptance subject.

Material and methods

Study design and data collection

In September 2021, a standardized online survey was con-
ducted among citizens in Germany. The participants were 

recruited via a professional field service provider. The online 
questionnaire was pretested in advance by a subsample 
(n = 100) of the online panel with regard to comprehensi-
bility and technical procedure. A total of 1105 individuals 
completed the survey. The questionnaire included a quality 
check: to ensure that all participants read the questions with 
care they were asked to select the answer “fully agree” by 
one item in a statement matrix. Participants who did not 
answer the question correctly were already discarded during 
the survey. Additionally, of the 1105 participants, 98 cases 
were deleted from the final data set because they answered 
the questionnaire in less than half the median completion 
time (median = 799 s, half median = 399.5 s). This results in 
a final sample size of n = 1007. Quotas according to the pop-
ulation of Germany were set for gender identity, age, educa-
tion, and size of place of residence (rural or urban) to obtain 
an approximately representative sample. The study data were 
collected online, and only individuals with internet access 
who had registered with a professional field service provider 
were able to participate. Therefore, the sample is not fully 
representative, as it does not consider potential differences 
between internet users and non-internet user.

The questionnaire was divided into several parts. In the 
first part, sociodemographic characteristics were recorded 
using nominal scaled questions. Then, respondents were 
asked how they perceived their knowledge of and experience 
with agriculture and dairy farming. In addition, the item 
“I have friends, acquaintances and/or family members who 
work in agriculture” was used to query their relationship 
to agriculture. Furthermore, attitudes toward dairy farming 
and expectations of future milk production were surveyed 
on a five-point Likert scale ranging from 1 = “fully agree” to 
5 = “fully disagree”. These statements are based on the items 
according to Boogaard et al. (2011a), Kayser et al. (2012), 

Fig. 1  The acceptance dimensions according to Schweizer-Ries et al. 
(2010, p. 11) and Sauer et al. (2005: 25)
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and Pfeiffer et al. (2020) (e.g. “It is important to me that the 
dairy industry continues to be progressive and innovative in 
the future”). The next part of the survey focused on the two 
object-specific influencing factors. At this point, respond-
ents were asked specifically about the two robots in dairy 
farming. However, no further information on the robots was 
provided at this point and no distinction was made between 
the use of the robots in conventional or organic dairy farm-
ing. The statements on the object-related factors were also 
measured using a five-point Likert scale and were based on 
statements from previous societal acceptance studies related 
to agriculture. Thus, the statements correspond to the cat-
egories risks, opportunities on the societal level and oppor-
tunities for farmers (see Appendix Table 6). Finally, partici-
pants were asked to rate their acceptance of the use of robots 
in dairy farming. The acceptance dimensions described in 
Fig. 1 (Sauer et al. 2005; Schweizer-Ries et al. 2010) were 
queried on five-point Likert scales; statements are shown in 
Table 7 in the appendix.

Statistical analysis

The data were analyzed using the statistical program SPSS 
27. Descriptive statistics were first conducted to describe the 
demographic characteristics of the sample. A principal com-
ponent analysis and a cluster analysis were used to examine 
the data set in terms of the research question. In order to 
reduce the number of items and capture the most important 
dimensions contributing to the acceptance of citizens’ atti-
tudes, a principal component analysis with varimax rota-
tion was applied. Variables that were highly correlated and 
loaded on one factor were combined into one factor. Orthog-
onal varimax rotation was used to facilitate interpretation of 
the factors. This allowed the variance of squared factor load-
ings per column to be maximized. Before this, the baseline 
data was tested for suitability using the Kaiser–Meyer–Olkin 
criterion (KMO), Bartlett’s test and the variable-specific 
measure of sampling adequacy (MSA) (Backhaus et al. 
2016). This measures whether there are correlations between 
variables (Bartlett’s test) and a notable relationship between 
the variables (KMO, MSA) (Brosius 2011). In addition, val-
ues with loadings below 0.5 are considered unsuitable for 
principal component analysis and were thus excluded from 
further calculations (Kaiser and Rice 1974). In several runs, 
all variables that had loadings on more than one factor were 
removed from the analysis. This resulted in a well-defined 
assignment of each of the items to only one factor (Backhaus 
et al. 2016). The extracted factors served as the basis for the 
cluster analysis.

The purpose of the cluster analysis was to build homoge-
neous groups out of a heterogeneous population based on the 
identified attitude components (Hair et al. 2010). The cluster 
analysis was performed in three steps. First, a hierarchical 

clustering method was conducted using the single-linkage 
procedure to identify and eliminate outliers. Then, using 
Ward’s method, respondents could be clustered together. 
The goal of this procedure was to combinate the objects 
that increase the variance within a group the least and form 
the most homogeneous clusters. A systematic comparison 
was used to determine the number of clustering opportu-
nities based on the dendrogram and the application of the 
elbow criterion (Backhaus et al. 2016). To refine the solution 
and to improve the homogeneity of the groups, a K-Means 
procedure was applied. The final result of the cluster analy-
sis was checked for its quality with a discriminant analysis 
(Bühl 2010). To evaluate the heterogeneity of the clusters, 
the significances of the results were determined using post 
hoc tests (Everitt and Skrondal 1998).

Results

Sample description

Table 2 shows the distribution of the sociodemographic 
attributes in comparison to the German average. The dis-
tribution of the study is representative for the German pop-
ulation in terms of gender, age structure, size of place of 
residence, and education level. Solely the distribution of the 
sample in the category “without a degree (yet)” is under-
representative with 0.4%, whereas the degree “High school 
diploma” with 20% can be considered as slightly over-repre-
sentative compared to the German national average.

With regard to their connection to agriculture, almost 
two-thirds of the respondents (65.6%) estimated their level 
of knowledge in the field of agriculture and dairy farming 
as low. 78.0% of respondents stated to have no knowledge 
of digital technologies in modern dairy farming. 8.2% rated 
their level of knowledge in digital technologies in dairy 
farming as high, and 19.9% said they knew common farm-
ing practices in dairy farming. Only 9% of the respondents 
have work experience in agriculture or in the agricultural 
sector. Almost a quarter of the respondents (24.8%) stated 
to have friends, colleagues, or family members who work 
in agriculture. Thus, the sample shows a strong relation to 
agriculture. However, the majority of respondents had no 
or limited knowledge of digital technologies and common 
practices in agriculture and dairy farming.

Principal component analysis

The final results of the principal component analysis com-
prised three factors with a total of 22 items (Table 3) and was 
based on a correlation matrix. The KMO criterion showed 
a positive result for sample adequacy with a value of 0.926 
(values above 0.6 are considered acceptable) (Backhaus 
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et al. 2016). In addition, Bartlett’s test of sphericity was 
statistically significant and showed correlation coefficients 
for the population with non-zero values. The reliability 
analysis showed that the internal consistency of the factors 
was adequate. Cronbach’s alpha values of 0.891 (factor 1), 
0.900 (factor 2), and 0.853 (factor 3) were obtained. All 
values were above the required minimum value of 0.6 (Bühl 
2010; Hair et al. 2010; Backhaus et al. 2016). All performed 
tests for quality checks of the factor analysis imply that the 
variables are well suited for factor analysis. Together they 
explain 59.3% of the variance of all variables.

The first factor describes the risks perceived by citizens 
in relation to the use of robots in dairy farming and com-
prises eleven statements. The factor combines statements 
on economic, social, and ecological risks of digitaliza-
tion, which can be relevant on both a personal and societal 
level. It is noticeable that participants agreed with most of 
the risks, although we observed a tendency toward indif-
ference. In particular, however, this was the case for the 
risk that small farms will hardly be able to afford robots 
(µ = 1.80; σ = 0.836). On the other hand, respondents showed 

indifference toward the risk that the farmer will be replaced 
by robots (µ = 3.25; σ = 1.233).

Factor two—opportunities on the societal level—repre-
sents in seven items the citizens’ assessment of the societal 
opportunities of the use of robots. The factor summarizes 
statements that can be assumed to be of particular interest 
to society as a whole. The factor indicates a certain indif-
ference of citizens, as shown by the mean values (µ) (within 
the range of µ = 2.91 to 3.29). For example, citizens were 
unsure if robots can help bring farmers and consumers closer 
together (µ = 3.29; σ = 1.028).

The last factor—opportunities for farmers—implies in 
four variables the opportunities of robots for the daily work 
of farmers. This factor is characterized by significant agree-
ment; the mean values range from 2.05 to 2.43. In contrast, 
the agreement for the last item “with the help of robots, 
farmers can reduce their costs in the long term” shows a 
slightly indifferent tendency (µ = 2.43; σ = 0.953).

Results of the cluster analysis

After evaluating the dendrogram in the single-linkage clus-
tering, four outliers could be removed, leaving 1003 data 
sets for further cluster analysis. A four-cluster solution was 
indicated as optimal. Discriminant analysis indicated a sat-
isfactory classification accuracy of 99.7% for the cluster 
analysis. Further results of the discriminant analysis (eigen-
values and wilks lambda) proved high-quality results of the 
cluster analysis. The F-test results were significant, indicat-
ing heterogeneous values between the clusters. Thereby, 
factor three had the highest discriminatory power (F-value: 
426.23). To characterize the formed clusters in detail and to 
test for significant differences between the clusters, a post 
hoc multiple comparison test was conducted (Bonferroni). 
This made it possible to determine which clusters differ in 
terms of the mean values of the variables (Backhaus et al. 
2016) (Table 4).

The “proponents of robots” are the largest group and 
comprises 29% of the respondents. Compared to the other 
clusters, respondents in this cluster see only a few risks in 
digitalization. These respondents especially reject the state-
ment that robots replace the work of farmers (μ = 4.26; 
σ = 0.787) and that the usage of robots is unnatural (μ = 3.48; 
σ = 0.847) compared to the other clusters. Additionally, they 
suspect opportunities of using robots for both society and 
farmers. Furthermore, the agreement on the opportunities 
for farmers is high. With an average age of 51, the respond-
ents in this cluster are the oldest. As in the other clusters, 
the majority of this cluster lives in the city, but the place of 
residence does not differ significantly between the clusters 
(see Table 5). In addition, the level of education and the 
proportion of men are the highest (significant difference 
between clusters). The attitude of these clusters toward the 

Table 2  Characteristics of the sample and national average (n = 1007)

*Destatis (2020)
a German: Abitur/Hochschulreife/Fachhochschulreife (Gymnasium)
b German: Mittlere Reife/weiterbildende Schule ohne Abitur (Reals-
chule)
c German: Volks- oder Hauptschulabschluss

Attribute Sample (%) German 
average 
(%)*

Gender
 Male 51 49
 Female 49 51
 Diverse 0 –

Age structure
 18–24 years 8 9
 25–39 years 24 22
 40–64 years 48 44
  ≥ 65 years 20 25

Size of place of residence
  < 20,000 39 40
 20,000 to 100,000 28 28
 100,000 to 500,000 16 15
  > 500,000 17 17

Education
 University degree 16 17
 High school  diplomaa 20 14
 Higher secondary  schoolb 32 31
 Basic secondary  schoolc 32 35
 Without a degree (yet) 0.4 4
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dairy industry is clearly positive. They consider the Ger-
man dairy industry to be important. However, knowledge 
about agriculture and common practices in dairy farming is 
low or non-existent. In line with their assessment of robots, 
the participants in this cluster believe that it is important 
for the dairy industry to remain progressive and innovative 
in the future and to focus on the animals in dairy farming. 
They do not want milk to be produced with less technol-
ogy. Apparently, however, this expectation has nothing to 
do with favorable prices, as it is not important to the cluster 
that dairy products continue to become cheaper in the future.

A total of 255 respondents (26%) were assigned to the 
cluster “indifferent citizens”. They are characterized by 
a rather indifferent attitude. This is particularly evident 
when it comes to the opportunities of robots for society 
and farmers. However, compared to the other clusters, the 
opportunities to farmers are considered much more nega-
tive than by the other three clusters. The proportion of 
rural residents in this cluster is the lowest (31%), while 
the percentage of urban residents is the highest (69%). 
The level of education is also the lowest compared to the 

other clusters, with 10% having a university degree. The 
cluster considers German dairy farming to be important. 
However, it has little trust in the work of German farmers. 
Like the other clusters, they are not familiar with digital 
technologies in dairy farming and rate their level of knowl-
edge about dairy farming as low. Nevertheless, it is notice-
able that they are the only of the four clusters that tend 
to agree that they are familiar with common agricultural 
practices in dairy farming. Interestingly, it is important 
to the cluster that dairy farming remains progressive and 
innovative; they agree with the focus on the animal in live-
stock farming but considerably less so than the other three 
clusters. However, when asked whether they prefer dairy 
products to be produced in a more traditional way with 
less technology, they again show an indifferent attitude. 
Apparently, progress and innovation are not necessarily 
linked to the use of technology.

The “skeptical citizens” (27%) are characterized by 
strong agreement with the risks of robots in dairy farm-
ing. Especially the issue that small farms could disappear 
(μ = 1.23; σ = 0.437) and that the contact between farmers 

Table 3  Results of the principal component analysis

KMO (Kaiser–Meyer–Olkin value) = 0.926; explained total variance = 59.3%. Scale from 1 = “fully agree” to 5 = “fully disagree”.  aFL = factor 
loading. bµ = mean value. cσ = standard deviation. n = 1007

Factors and statements FLa µb σc

Factor 1: Risks (Cronbach’s alpha: 0.891)
 Using robots in dairy production no longer has anything to do with a natural production method 0.761 2.30 1.060
 With robots, there is no personal interaction with the cows. The farmer becomes estranged from the animals 0.760 2.54 1.098
 The use of robots exacerbates the alienation of consumers and farmers 0.753 2.77 1.023
 By using robots, the farmer loses the opportunity to acquire knowledge through experience and observation 0.744 2.51 1.044
 The use of robots may negatively affect the overall sustainability of agriculture 0.742 2.77 1.023
 The use of robots increases the unemployment rate, particularly in rural areas 0.729 2.63 1.107
 By buying a robot, farmers become very dependent on the digital infrastructure and its supply 0.666 2.30 0.949
 Robots replace the work of the farmer; sooner or later the farmer’s job will no longer be important 0.646 3.25 1.233
 Digital systems are susceptible to data misuse and hacker attacks 0.561 2.25 0.951
 Small farms will hardly be able to afford robots. Large farms will grow and small dairy farms will disappear 0.544 1.80 0.836
 The use of robots can lead to even more standardization in livestock breeding and in the production of animal products 0.540 2.34 0.888

Factor 2: Opportunities on the societal level (Cronbach’s alpha: 0.900)
 Our domestic dairy farming becomes better with increasing progress in digital technologies in agriculture 0.834 3.22 1.069
 Robotics will help us to solve problems in agriculture and dairy farming 0.811 3.07 1.104
 I believe that the benefits of robots in dairy farming predominate 0.796 3.02 1.063
 The use of robots outweighs all negative aspects 0.770 3.05 1.084
 Robots help to bring farmers and consumers closer together 0.705 3.29 1.028
 Using robots improves animal welfare because discrepancies in the cows’ behavior are detected more quickly 0.656 2.91 1.048
 Using robots leads to more transparency in dairy production 0.618 2.92 0.999

Factor 3: Opportunities for farmers (Cronbach’s alpha: 0.853)
 Robots facilitate the everyday work routine of farmers 0.818 2.05 0.903
 Robots help farmers to increase their production 0.755 2.22 0.866
 Digitalization and robotics improve the quality of life of farming families 0.753 2.35 0.918
 Farmers can lower their costs in the long term by using robots 0.682 2.43 0.953
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and cows is lost (μ = 1.55; σ = 0.766) is a prominent finding 
here. In addition, these individuals reject the opportunities 

at the societal level. However, they agree with the advan-
tages of digitalization for farmers, although with a slightly 

Table 4  Results of the cluster analysis

Significance level at *p ≤ 0.05 **p ≤ 0.01 ***p ≤ 0.001; letters (a, b, c, d) indicate a significant difference to the corresponding cluster (Bonfer-
roni post hoc test at significance level 0.05). The factor means are weighted scores based on the factor loadings shown in Table 2. The numbers 
not enclosed in brackets represent the mean values, while the numbers within brackets indicate the standard deviations of the items. Statements 
were scored with a scale from 1 = “fully agree” to 5 = “fully disagree”. n = 1003

Factors and statements Proponents of 
robots (n = 292; 
29%)

Indifferent 
citizens (n = 255; 
26%)

Skeptical citi-
zens (n = 273; 
27%)

Critical supporters of 
robots (n = 183; 18%)

Factor 1: Risks*** (F-value: 377.75) 0.90bcd 0.25acdc  − 0.62abd  − 0.91abc

Using robots in dairy production no longer has anything to do 
with a natural production method***

3.48bcd (0.847) 2.62acd (0.788) 1.74abd (0.879) 2.09abc (0.904)

With robots, there is no personal interaction with the cows. The 
farmer becomes estranged from the animals***

3.08bcd (0.951) 2.51acd (0.951) 1.55abd (0.766) 1.85abc (0.831)

The use of robots exacerbates the alienation of consumers and 
farmers***

3.78bcd (0.830) 2.78acd (0.798) 2.26ab (0.994) 2.19ab (0.851)

By using robots, the farmer loses the opportunity to acquire 
knowledge through experience and observation***

3.33bcd (0.943) 2.67acd (0.760) 1.86ab (0.826) 1.92ab (0.762)

The use of robots may negatively affect the overall sustainabil-
ity of agriculture***

3.58bcd (0.789) 2.84acd (0.749) 2.15ab (0.885) 2.24ab (0.912)

The use of robots increases the unemployment rate, particularly 
in rural areas***

3.41bcd (0.992) 2.68acd (0.816) 2.17ab (1.105) 1.98ab (0.798)

By buying a robot, farmers become very dependent on the 
digital infrastructure and its supply***

2.74cd (0.948) 2.65cd (0.748) 1.72abd (0.756) 1.95abc (0.807)

Robots replace the work of the farmer; sooner or later the 
farmer’s job will no longer be important***

4.26bcd (0.787) 2.98ad (0.856) 2.95ad (1.28) 2.44abc (1.16)

 Digital systems are susceptible to data misuse and hacker 
attacks***

2.60cd (0.938) 2.56cd (0.815) 1.79ab (0.859) 1.91ab (0.830)

Small farms will hardly be able to afford robots. Large farms 
will grow and small dairy farms will disappear***

1.95bcd (0.813) 2.38acd (0.828) 1.23abd (0.437) 1.57abc (0.641)

The use of robots can lead to even more standardization in live-
stock breeding and in the production of animal products***

2.58bcd (0.798) 2.82acd (0.726) 1.85ab (0.812) 2.01ab (0.774)

Factor 2: Opportunities on the societal level*** (F-value: 
376.75)

 − 0.18cd  − 0.08cd 1.02abd  − 1.13abc

Our domestic dairy farming becomes better with increasing 
progress in digital technologies in agriculture***

2.75bcd (0.867) 3.26acd (0.817) 4.22abd (0.716) 2.42abc (0.945)

Robotics will help us to solve problems in agriculture and dairy 
farming***

2.62bcd (0.875) 3.09acd (0.814) 3.96abd (0.882) 2.21abc (0.812)

 I believe that the benefits of robots in dairy farming predomi-
nate***

2.42bc (0.840) 3.22acd (0.891) 4.10abd (0.794) 2.36bc (0.864)

The use of robots outweighs all negative aspects*** 2.45 bc (0.804) 3.11acd (0.856) 4.07abd (0.808) 2.39bc (0.925)
 Robots help to bring farmers and consumers closer 

together***
3.12bcd (0.982) 3.33acd (0.706) 4.02abd (0.811) 2.39abc (0.966)

Using robots improves animal welfare because discrepancies in 
the cows’ behavior are detected more quickly***

2.38bcd (0.872) 3.22acd (0.692) 3.66abd (0.939) 2.14abc (0.884)

Using robots leads to more transparency in dairy production*** 2.54bcd (0.909) 3.24acd (0.693) 3.49abd (0.955) 2.19abc (0.838)
Factor 3: Opportunities for farmers*** (F-value: 426.23)  − 0.70bcd 1.20acd  − 0.27ab  − 0.20ab

Robots facilitate the everyday work routine of farmers*** 1.46bcd (0.551) 2.98acd (0.712) 2.04abd (0.761) 1.66abc (0.626)
Robots help farmers increase their production*** 1.81bc (0.692) 3.03acd (0.684) 2.13abd (0.803) 1.84bc (0.705)
Digitalization and robotics improve the quality of life of farm-

ing families***
1.74bc (0.620) 3.07acd (0.681) 2.58abd (0.879) 1.90bc (0.720)

Farmers can lower their costs in the long term by using 
robots***

1.82bc (0.670) 3.15acd (0.736) 2.68abd (0.914) 1.98bc (0.767)
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indifferent tendency regarding the improvement of the qual-
ity of life of farmers (μ = 2.58; σ = 0.879) and long-term cost 
reductions through digitalization (μ = 2.68; σ = 0.914). In 
this context, it is striking that the share of women is the 
largest (60%), while the share of men is the smallest. Fur-
thermore, the proportion of rural residents is highest in both 
this cluster and in the cluster “proponents of robots”. The 
“skeptical citizens” think dairy farming is important, but 
they are indifferent about their basic attitude toward German 
dairy farming and their trust in the work of German farm-
ers. It is not important to the participants in this cluster that 
dairy products become cheaper; rather, the animal should 
be the focus of dairy farming. However, the dairy industry 
should remain progressive and innovative. Nevertheless, a 
rather skeptical opinion remains regarding the future use of 
technology.

The last cluster contains 183 citizens (18%) considered 
“critical supporters of robots” and represents the smallest 
cluster. Similar to the “skeptical citizens”, the respondents 
agree with the risks of digitalization but show an even stronger 
agreement than the other clusters. Moreover, the assessments 
of the single items differ: respondents in this cluster mainly 
perceive the risk of unemployment in rural areas (μ = 1.98; 

σ = 0.798) and that robots replace farmers (μ = 2.44; σ = 0.116). 
In addition, the critical supporters of robots also strongly agree 
with the opportunities of robots, both for society and for farm-
ers. However, agreement with the opportunities of robots for 
farmers predominates, as in cluster “proponents of robots”, 
whereas the “critical supporters of robots” most clearly sees 
the opportunities to society, especially with regard to animal 
welfare (μ = 2.14; σ = 0.884) and transparency of production 
(μ = 2.19; σ = 0.838). The sociodemographic analysis shows 
that it is the youngest of the four clusters and has the second 
highest level of education. As the only one of the four clus-
ters, it is important to the participants of this cluster that dairy 
products continue to become cheaper in the future. However, 
they also demand innovation and progress and focus on the 
animals in dairy farming. Their partly critical attitude toward 
digitalization is reflected in the slightly indifferent opinion on 
the future use of technology in milk production.

With regard to the acceptance by society, we considered all 
different dimensions of acceptance according to Schweizer-
Ries et al. (2010) and Sauer et al. (2005) (see "Concept of soci-
etal acceptance in the research context" section and Appen-
dix). The percentages of agreement are shown as a summary 
of the response options “fully agree” and “agree”. The seven 

Table 5  Socio-demographics and comparison of clusters with regard to further descriptive statements

Letters (a, b, c, d) demonstrate a significant difference to the corresponding cluster. Level of significance: *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001. 
1Chi-squared test according to Pearson. 2These statements were scored with a scale from 1 = “fully agree” to 5 = “fully disagree”. Bonferroni 
post hoc multiple comparisons tests at significance level 0.05. n = 1003

Proponents 
of robots 
(n = 292)

Indiffer-
ent citizens 
(n = 255)

Skeptical 
citizens 
(n = 273)

Critical supporters 
of robots (n = 183)

Gender*** (male/(female))1 (%) 62 (38)c 50 (50) 40 (60)a 51 (49)
ø age (years)* 51bd 47a 50 46a

University  degreen.s. 1 (%) 25 10 11 16
Place of  residencen.s. 1 (urban/(rural)) (%) 59 (41) 69 (31) 59 (41) 62 (38)
Attitude dairy farming
 I believe that German dairy farming is important*** 2 1.57bc 2.22acd 1.96abd 1.66bc

 In general, I have a positive view of German dairy farming*** 2 2.04bc 2.56ad 2.63ad 1.97bc

 I trust in the work of German farmers*** 2.06bc 3.60ad 2.58ad 1.95bc

Knowledge and connection to agriculture
 I am familiar with digital technologies in modern dairy farming*** 4.27d 4.08 4.31d 4.31ac

 I believe I have a high level of knowledge about dairy farming*** 3.93d 3.98d 3.95d 3.58abc

 I know about common agricultural practices in dairy farming** 3.56 2.78d 3.56 3.39b

 I have friends, acquaintances, and/or relatives who work in agriculture* 3.74 3.82d 3.80 3.43b

Future expectations
 It is important to me that dairy products continue to get cheaper in the 

future***
3.49bcd 2.97ac 3.83abd 2.85ac

 It is important to me that the dairy industry remains progressive and 
innovative in the future***

1.73bc 2.32ad 2.36ad 1.75bc

 I would prefer it if dairy products were produced with less technology in 
the future***

3.46bcd 2.70a 2.51a 2.60a

 The animal should be the main focus in dairy farming*** 1.58bc 1.94acd 1.30ab 1.48b
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different dimensions of acceptance are shown in the spider’s 
web for each cluster and illustrate significant differences in 
acceptance among the four clusters.

First of all, it becomes clear that the action dimension of 
acceptance (active resistance or active acceptance) is given 
little consideration by society. In addition, it is noticeable that 
the evaluation is clearly more positive in clusters “proponents 
of robots” and “critical supporters of robots”. In contrast, the 
“indifferent citizens” and the “skeptical citizens” do not show 
clear agreement and take a rather negative stance.

As expected, positive attitude acceptance predominates 
among the proponents of robots. They mainly (86.3%) place 
themselves in the area of conditional acceptance. However, 
indifference (74.6%) and endorsement (67.1%) are also 
dimensions of acceptance that the proponents of robots 
agrees with. The indifferent citizens do not clearly commit 
themselves to any of the forms of acceptance. Both con-
ditional acceptance and rejection received approval ratings 
of just under 30%. Surprisingly, acquiescence and indiffer-
ence as a form of acceptance did not receive high approval 
from this cluster. The cluster therefore does not appear to be 
indifferent to robots in dairy farming at all, even if the first 
impression of the cluster might suggest this (Fig. 2).

The skeptical citizens also reflect their skepticism toward 
robots in their attitude toward acceptance. On the one hand, 
they assign themselves to conditional acceptance (40.6%); 
on the other hand, an even stronger agreement to rejection 
can also be observed (46.5%). In addition, a third of the 
cluster even actively opposes robots in the dairy industry.

The attitudinal acceptance of the critical supporters is 
primarily classified as conditional acceptance (72.2%), indif-
ference (54.1%), and advocacy (42.7%). However, a certain 
dichotomy can also be observed, indicating the critical view 

of the cluster. Thus, 37.1% of the participants in the cluster 
also agree with acquiescence (acceptance dimension with a 
negative tendency) as a form of acceptance.

Discussion

A variety of digital innovations have been established in the 
dairy sector over the past decade, and more technologies are 
likely to be added in the future to ensure sustainable dairy 
farming (Henchion et al. 2022). However, digital technolo-
gies have not yet become widely established in agriculture 
and dairy farming, and successful adoption on a broad scale 
is proving difficult. Different actors in agriculture perceive 
technologies differently, and these actors are in turn shaped 
by socially constructed beliefs, values and expectations 
about technologies and agriculture (Ibid.). Boogaard et al. 
(2011b, p. 1464) assume, specifically for dairy farming, 
that “(sociocultural) sustainable livestock development is 
socially and culturally constructed by people in specific con-
texts.” In this study, different citizen segments were analyzed 
to gain deeper insights into the characteristics of proponents 
or critics of robots in dairy farming and to identify soci-
ety's perceived risks and opportunities associated with these 
robots. To our knowledge, this study is the first to segment 
subjects based on their overarching attitudes toward relevant 
factors (perceived risks and opportunities) of adopting robot-
ics in dairy farming.

First of all, our results show that societal acceptance 
refers predominantly to passive action. However, this finding 
is not surprising, as digital innovations and robots in agricul-
ture have so far been given little social relevance, as they are 
often illustrated as abstract technologies whose concrete use 
and possible consequences for society remain obscure (Vier-
boom et al. 2006). Likewise, Devine-Wright (2008) assume 
that societal acceptance of technology is mostly purely atti-
tudinal and thus often does not evoke active action. How-
ever, when innovative farming practices are rejected, it can 
result in a shift in purchasing habits such as opting for plant-
based alternatives (Bruce and Bruce 2019).

The study also reveals that the use of robots is associated 
with both risks and opportunities. However, these attitudes 
are quite heterogeneous, which is in line with other studies, 
e.g., Millar et al. (2002), who showed that some citizens 
mainly see opportunities in milking robots, whereas oth-
ers consider it problematic with regard to animal welfare. 
Overall, perceived opportunities of robots and the rejection 
of potential risks in this study lead to a high level of condi-
tional acceptance and endorsement. This also confirms the 
assumption of de Groot et al. (2020) that attitude accept-
ance only occurs when more opportunities than risks are per-
ceived. Surprisingly, the dimension of indifference also finds 
agreement even among proponents and critical supporters of 
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robots, suggesting the presence of uncertainty within these 
groups.

Furthermore, the results demonstrate that although all 
four clusters acknowledge opportunities in robotics for 
farmers, these opportunities are not considered convincing 
enough to achieve full societal acceptance. However, the 
clusters do share the acknowledgment of the importance of 
the German dairy industry and concur on the necessity for 
it to maintain a progressive and innovative approach. This 
underscores a fundamental comprehension of the signifi-
cance of advancement and technological progress within the 
dairy sector. Nevertheless, an apprehension associated with 
modernity is the concept of "instrumental rationality," as 
articulated by Taylor (1991), which pertains to a rational-
ity solely focused on maximizing efficiency. This concern 
is particularly evident in the two critical clusters (skepti-
cal citizens and critical supporters of robots) who express 
their malaise towards robot implementation through their 
endorsement of the associated risks. Moreover, the findings 
indicate a societal preference for prioritizing animal wel-
fare in dairy production, emphasizing the need to prevent a 
dominant stance of digitalization in agriculture that neglects 
this aspect. Importantly, this viewpoint is not confined to the 
critical clusters alone, but is shared across all four clusters, 
underscoring the importance of upholding animal welfare as 
a means to enhance societal acceptance.

The recognition of both commonalities and divergences 
in perspectives regarding the use of robots among the clus-
ters emphasizes the need for tailored strategies that can 
effectively address societal concerns. This insight is crucial 
for early consideration of concerns in the development and 
implementation of PLF technologies (Siegrist and Hartmann 
2020).

The result that most individuals in the cluster that is char-
acterized by lowest perceived risks (“proponents of robots”) 
are men and highly educated is partially consistent with the 
findings of Pfeiffer et al. (2020), who found that men and 
higher educated have a more positive general attitude toward 
digitalization in agriculture. Bieberstein (2013) also discov-
ered that men tend to perceive risks in food production to be 
lower than women. Furthermore, surprisingly, proponents of 
robots are the oldest cluster of this study. Concerning age, it 
is usually assumed in the digital context that younger people 
are more tech-savvy and generally more open to the use of 
technologies (Marescotti et al. 2021). However, this does not 
seem to apply to society’s view of robots as the proponents 
of robots are the oldest participants and at the same time the 
least critical, also with regard to animal welfare concerns 
about digitalization. Different generations may have different 
values and priorities when it comes to agriculture and animal 
welfare. Older generations may prioritize efficiency and pro-
ductivity, while animal welfare and sustainability are more 
important to younger generations (Fraser 2003; Vanhonacker 

et al. 2007). This difference in priorities could influence their 
attitudes toward the use of robots in dairy farming. This is 
line with findings by Boogaard et al. (2011a) who discov-
ered that older people are more open-minded about modern 
production methods in milk production.

The “indifferent citizens” do not perceive any clear risks 
associated with the use of robots in agriculture, but neither 
do they perceive any opportunities. However, since this is 
necessary for the establishment of acceptance (Bredhal et al. 
1998; Frewer 2017), the respondents in this cluster do not 
clearly assign themselves to any specific acceptance dimen-
sion. Their lack of trust in farmers’ work could be a pos-
sible indication of the indecisiveness of the cluster because 
trust is considered to be of great importance in the process 
of societal acceptance (Ronteltap et al. 2007; Gupta et al. 
2012; Siegrist and Hartmann 2020). If society trusts the 
actors responsible for the use of digital technologies, i.e., 
farmers, the acceptance of the use of the respective accept-
ance object is often more pronounced (Mohaupt et al. 2018). 
Especially when people know only little about a technology, 
acceptance may rely on trust in those using the technology 
(Huijts et al. 2012). As expected, all four clusters in this 
study estimate their knowledge of digital technologies in 
dairy production as rather low (Boogaard et al. 2010). The 
societal acceptance of digital innovations in agriculture may 
therefore also depend significantly on trust in the farmer, 
which was already demonstrated by Pfeiffer et al. (2020) 
and Sharp and Tucker (2005). Notably, the opportunities of 
digitalization at the societal level do not seem to be obvious 
to citizens, which is why they are apparently difficult for the 
public to evaluate. This finding goes hand in hand with the 
assumptions of Vierboom et al. (2006) and Siegrist (2008), 
who suggest that the advantages and disadvantages of tech-
nologies for society do not relate to everyday consumer life 
and that specific opportunities are therefore difficult or even 
impossible to recognize and evaluate.

In contrast to the indifferent citizens, the “skeptical citi-
zens” agree with the opportunities of robots for farmers but 
reject the opportunities at the societal level. Furthermore, 
they have a high agreement with risks, especially in con-
nection with the loss of naturalness, the contact between 
farmers and cows, and an advancing industrialization (small 
farms extinction) of agriculture through digitalization. Such 
risks, as a consequence of the interaction between farmer 
and technology, were also identified by Regan (2019) and 
Krampe et al. (2021). A look at the literature shows that 
women are more concerned about animal welfare than 
men (María 2006; Ruby 2012), and they particularly prefer 
naturalness and tradition in dairy farming (Boogaard et al. 
2011a). Our results are consistent with these findings, as 
the proportion of women is highest in the cluster “skepti-
cal citizens”, and they consider it particularly important to 
focus on animals and animal welfare in dairy production. 
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Presumably, the strong emotional component associated 
with animal welfare, which also plays a role in the use of 
PLF technologies (Pfeiffer et al. 2020; Langer et al. 2022), 
could lead to the low conditional acceptance and the highest 
rejection of robots. Another reason for the lack of acceptance 
could also be that the opportunities of digitalization are only 
seen for the work of farmers but not for society as a whole 
(Millar et al. 2002; Pfeiffer et al. 2020). Indeed, it is gener-
ally assumed that acceptance is greater when the societal 
opportunities become concrete and tangible (Burgess 2010; 
Frewer 2017).

Society often represents contradictory expectations 
regarding ethical decisions in agriculture (Henchion et al. 
2022). This is also evident in the cluster’s expectations for 
future dairy farming: on the one hand, individuals value pro-
gress and innovation in dairy farming to foster modern and 
“safe” milk production; on the other hand, they want less 
technology to be used in dairy production in the future to 
maintain traditions and natural animal farming (Boogaard 
et al. 2010). This ambivalence suggests that this cluster 
believes that the use of technology and the achievement 
of naturalness and animal welfare are mutually exclusive 
(Krampe et al. 2021). The skeptical citizens should there-
fore be convinced that digital technologies not only offer 
opportunities to farmers but can also bring opportunities 
to animals and the environment, thus benefiting society as 
a whole.

The “critical supporters of robots” seem to be satisfied 
with digitalization as long as animals, traditions, and society 
are not threatened and everyone has opportunities from it 
(see also Boogaard et al. 2010). They support digitaliza-
tion and appreciate modern achievements, such as cheap 
food, and expect that this will continue to be the case in 
the future. However, there is also a certain ambivalence in 
this cluster: progress and innovation are important to them, 
but they also wish to see a reduction in the use of tech-
nology in dairy production. Moreover, they agree with all 
the opportunities, both at the level of society (mainly with 
opportunities for animal welfare and transparency) and at 
the farmer level, but also with the potential risks of digi-
talization. Our findings confirm the results of Pfeiffer et al. 
(2020), who found that PLF technologies are seen as inno-
vative and forward-looking by the majority of society, but 
at the same time, many negative attitudes prevail. When 
asked about the final attitude acceptance, it is striking that 
the ambivalent perception of the cluster is also reflected in 
a high degree of dichotomy and indifference. Nevertheless, 
the “critical supporters of robots” have an extremely positive 
attitude toward dairy farming and also have a high level of 
trust in the work of farmers. Since beliefs in society about 
the risks and opportunities of digitalization are embedded in 
more general attitudes (e.g., attitudes toward dairy farming 
or farmer per se) (Bredhal et al. 1998; Grunert et al. 2003; 

Ronteltap et al. 2007), this provides a possible approach to 
increase attitudinal acceptance. After all, the basic prerequi-
site for acceptance is clearly given in this cluster.

Conclusion and implication

The principle of responsible innovation should be the fun-
damental framework for the digital transformation of agri-
culture (Rose and Chilvers 2018). The RRI approach aligns 
research and innovation with societal values and needs, 
building trust and reflexivity among relevant actors (e.g. 
farmers, society, innovators, developers and policy). By 
adopting RRI, stakeholders can ensure that the development 
and use of robotic are not only accepted by producers, inno-
vators, and farmers, but also aligned with broader societal 
values and needs and thus preventing beneficial innovations 
from being hindered by a lack of societal acceptance (East-
wood et al. 2019; Regan 2019). Our results provide initial 
insights into societal attitude acceptance and reveal differ-
ences in society (in the form of citizen segments), thereby 
contributing to the first indicator of the RRI approach.

None of the four clusters assigns itself exclusively to the 
negative evaluation dimensions. Nevertheless, varying con-
cerns exist among the different clusters and ambivalent to 
negative acceptance attitudes are also adopted, mainly by the 
skeptical citizens. Thus, there is definitely a need for action 
to address societal concerns about an increasingly automated 
agriculture. The following section therefore presents strate-
gies to address these concerns in the long term, which can 
also be integrated into the RRI approach.

In particular, the high proportion of undecided indi-
viduals regarding acceptance and the prevailing ambiva-
lence which is evident in the clusters of indifferent and 
skeptical citizens, make it clear that citizens lack infor-
mation and knowledge. The main concerns in these two 
clusters relate to cost, animal welfare and transparency. 
However, the cost problem can be effectively addressed, 
as the use of robots leads to cost savings in times of rising 
wage levels and a shortage of skilled workers in general 
(Harms and Bruhs 2018). To address animal welfare con-
cerns, data generated from the use of robots should be 
utilized to integrate animal health data into current animal 
welfare labels and provide additional details on production 
conditions. So far, health data is not integrated into ani-
mal welfare labels because it is difficult to capture. There-
fore, the implementation of robots offers the possibility to 
increase transparency when the data is used accordingly. 
Thus, especially the indifferent and critical citizens could 
be convinced that robots can indeed lead to more sustain-
ability and transparency in dairy farming, with a steadfast 
focus on animal welfare.
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Concerns about farm size and the loss of the farmer-
animal relationship, expressed primarily by skeptical citi-
zens and critical supporters of robots, are more complex. As 
noted by Busch et al. (2022), society uses farm size as the 
only indicator for evaluating sustainability and animal wel-
fare because society lacks additional indicators. If additional 
criteria were created (e.g., production system, farmer atti-
tude), this could likely also reduce societal concerns about 
the use of robots. However, this issue could pose a challenge 
for public communication across the sector (Ibid). Further-
more, it is known from other studies that information provi-
sion does not necessarily result in more acceptance (Wille 
et al. 2017; Sonntag et al. 2018). Society does not form or 
change attitudes based on knowledge and experience alone 
(Te Velde et al. 2002). For non-professionals in agriculture, 
the focus lies less on efficiency and more on the individual’s 
value and moral conception (Enste et al. 2009; Boogaard 
et al. 2011b). Society tends to evaluate the use of PLF tech-
nologies ethically rather than from a technical or production 
cost perspective (Millar et al. 2002; Sonntag et al. 2018). 
Information and communication strategies about robots in 
dairy farming should therefore address fundamental values 
and include emotional components such as the opportuni-
ties to detect and improve the animals’ health and welfare 
(Pfeiffer et al. 2020).

Furthermore, our results show that the societal opportu-
nities associated with the use of robots are particularly rel-
evant to the emergence of acceptance. The skeptical citizen 
cluster shows the lowest acceptance and at the same time 
the highest resistance to societal opportunities. It therefore 
seems particularly important to communicate and exploit the 
societal benefits more clearly, which in turn could encour-
age more farmers to adopt the technologies as this leads to 
greater societal appreciation. However, the various stake-
holders in agriculture would hardly succeed in promoting 
societal acceptance through communication strategies alone 
(Sonntag et al. 2018). Hence, it is important to incorporate 
society's heterogeneous attitudes and perceptions about the 
risks and opportunities of robotics into the development of 
technologies from the very beginning.

In summary, this study can be interpreted as a meaning-
ful survey as the results reveal a deeper and more nuanced 
understanding of the societal acceptance of two robots in 
dairy farming. They suggest that the digital transformation 
process in agriculture can be promoted if more emphasis is 
placed on the analysis of the public attitude and acceptance.

Limitations and further research

Since attitude acceptance is a complex phenomenon that can 
only become measurable through specific influence indica-
tors, this study cannot fully make the construct of acceptance 

measurable. However, it has proven useful to reduce the 
focus to attitudinal acceptance and to make it measurable 
with the help of the acceptance dimensions according to 
Schweizer-Ries et al. (2010) and Sauer et al. (2005). Con-
ventional acceptance models, such as those of Venkatesh 
et al. (2003), which assume an active intention to use, are 
inappropriate for this research context. For a more differenti-
ated engagement with the concept of acceptance, the distinc-
tion between the acceptance subject, object, and context is 
unavoidable. However, factors that focus more clearly on 
context-bound spheres of influence should be included in 
further studies. This is because societal acceptance can vary 
depending on the social and cultural context (Schäfer and 
Keppler 2014). Examples of such influencing factors are 
norms and values, legal frameworks, political discussions, 
communication processes, or media backgrounds. Societal 
acceptance should also be placed in this context in further 
acceptance investigations to achieve an adequate analysis 
of the complex construct and thus also contribute further 
to the responsible innovation framework in precision and 
smart farming.

The present research has focused on identifying societal 
implications, contributing to only one aspect of the RRI 
approach. However, the other indicators of the approach 
should be applied in further research and RRI should be 
extended to the entire precision and smart livestock sector 
(Eastwood et al. 2019; Regan 2019). In addition, the conse-
quences of the use of robots on animal welfare as well as on 
smaller farms should be investigated, since this is an impor-
tant issue for sustainability reasons but also for communica-
tion with citizens and their acceptance. This demonstrates 
the importance of the all-encompassing approach of RRI.

Moreover, it should be noted that the terms “robots” 
(milking and feeding robots) and “digitalization” were used 
as generic terms and were not further defined or specified. 
Without a clear understanding of the specific technologies 
and processes being studied, it may be difficult to draw 
meaningful conclusions about their impact on society. How-
ever, the difference in the level of concreteness and tangibil-
ity between the items concerning risks and opportunities 
could potentially influence the acceptance of the respond-
ents. In addition, the general conditions may vary depending 
on the technology and may be perceived differently. The 
societal acceptance of precision and smart farming can cer-
tainly not be generalized but should rather be considered 
individually for each technology and different production 
systems. Therefore, there is a need for further research, and 
additional technologies should be investigated in the societal 
acceptance discourse, e.g., field robots, which are still in 
the development process and have not (yet) found their way 
into practice.
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Appendix

See Tables 6 and 7.

Table 6  Sources for the items of the object-related factors

Statements on the object-related factors Source

Risks
 Using robots in dairy production no longer has anything to do with a natural 

production method
Boogaard et al. (2011a), Rose et al. (2021)

 With robots, there is no personal interaction with the cows. The farmer becomes 
estranged from the animals

Herlin and Gunnarsson (2018), Pfeiffer et al. (2020)

 The use of robots exacerbates the alienation of consumers and farmers Driessen and Heutinck (2015), Pfeiffer et al. (2020)
 By using robots, the farmer loses the opportunity to acquire knowledge through 

experience and observation
von Schönfeld et al. (2018)

 The use of robots may negatively affect the overall sustainability of agriculture Pfeiffer et al. (2020)
 The use of robots increases the unemployment rate, particularly in rural areas  Störk-Biber et al. (2020), Krampe et al. (2021), Rose et al. 

(2021);
 By buying a robot, farmers become very dependent on the digital infrastructure 

and its supply
van der Burg et al. (2019)

 Robots replace the work of the farmer; sooner or later the farmer’s job will no 
longer be important

Block and Long (2016)

 Digital systems are susceptible to data misuse and hacker attacks Krampe et al. (2021)
 Small farms will hardly be able to afford robots. Large farms will grow and small 

dairy farms will disappear
Herlin and Gunnarsson (2018)

 The use of robots can lead to even more standardization in livestock breeding and 
in the production of animal products

Short (1992), Block and Long (2016), Pfeiffer et al. (2020)

Opportunities on the societal level
 Our domestic dairy farming becomes better with increasing progress in digital 

technologies in agriculture
Wolfert et al. (2017), Shepherd et al. (2018)

 Robotics will help us to solve problems in agriculture and dairy farming Störk-Biber et al. (2020)
 I believe that the benefits of robots in dairy farming predominate Störk-Biber et al. (2020)
 The use of robots outweighs all negative aspects Wolfert et al. (2017), Shepherd et al. (2018)
 Robots help to bring farmers and consumers closer together Pfeiffer et al. (2020)
 Using robots improves animal welfare because discrepancies in the cows’ behavior 

are detected more quickly
Schukat and Heise (2021)

 Using robots leads to more transparency in dairy production Frewer et al. (2011), Krampe et al. (2021)
Opportunities for farmers
 Robots facilitate the everyday work routine of farmers Schukat and Heise (2021)
 Robots facilitate the everyday work routine of farmers Bitkom (2020), Sheperd et al. (2018)
 Robots help farmers increase their production Stuart et al. (2012), Regan (2019), Bitkom (2020)
 Digitalization and robotics improve the quality of life of farming families Bitkom (2020)

Table 7  Items acceptance dimension according to Sauer et al. (2005)

Acceptance dimension Item Fully agree Fully 
disa-
gree

Resistance I stand up against the use of robots in dairy farming 1 2 3 4 5
Rejection I categorically reject the use of digital robots in dairy farming 1 2 3 4 5
Acquiescence I am torn about the use of digital robots in dairy farming 1 2 3 4 5
Indifference I am neither for nor against the use of digital robots 1 2 3 4 5
Conditional acceptance I accept the use of robots in dairy farming under certain conditions 1 2 3 4 5
Endorsement I support the use of robots in dairy farming 1 2 3 4 5
Engagement I advocate the use of robots in dairy farming 1 2 3 4 5
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