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A B S T R A C T

Whether the public accepts food produced using new technologies can be a decisive factor for their introduction. 
It is therefore important to understand public perceptions and address concerns at an early stage. We conducted 
two studies to investigate public perceptions of smart farming technologies. Study 1 involved an online survey of 
287 participants in the German-speaking parts of Switzerland in 2021 (using convenience sampling). We took an 
exploratory approach using qualitative assessments of two plant-related technologies (hoeing robot and spray 
drone) and two animal-related technologies (milking robot and virtual fence). The participants provided their 
spontaneous associations for these technologies. Study 2 involved an online survey of 383 participants from the 
French- and German-speaking parts of Switzerland (a representative sample) in 2023, following a quantitative 
approach to analyse the general perception of two specific smart farming technologies often used in Switzerland 
(hoeing and milking robots). We investigated how political orientation and the perceived importance of food 
naturalness influenced the acceptance of food produced with the investigated technologies. Across the two 
studies, the public expressed positive associations with digital technologies, especially plant-related ones, but 
specific concerns were identified for each technology, with animal welfare being the major concern for virtual 
fences. Further, perceptions of farmers significantly influenced the affective responses towards milking robots, 
whereas the importance of food naturalness significantly influenced responses towards hoeing robots. These 
findings are promising for efforts to increase public acceptance of food produced with these technologies. Im-
plications for policy and practise are discussed.

1. Introduction

Digital technologies in agriculture aim to enable more sustainability 
in the agricultural and food system and respond to the growing chal-
lenges in agricultural production (Finger et al., 2019; Walter et al., 
2017), so it is not surprising that experts predict a steady increase in the 
use of digital technologies in coming years (Ammann, Umstätter, & El 
Benni, 2022). The use of digital technologies such as robots (e.g. for 
feeding or hoeing), GPS applications (e.g., driver assistance systems or 
precision farming applications) and sensors (e.g., measuring soil mois-
ture levels or ammonia levels in barns) brings numerous benefits to 
farmers and the environment such as using resources only as needed 
(Walter et al., 2017) and increasing farmers’ well-being by providing 
driver relief through driver-assistance systems (Groher, Heitkämper, 
Walter, et al., 2020; Holpp et al., 2013). Digital technologies also come 
with risks, however, such as concerns regarding data ownership and 

security (Wiseman et al., 2019). A meta-analysis of public acceptance of 
innovative food technologies has identified risk and benefit perceptions 
as important drivers of technology acceptance (Bearth & Siegrist, 2016). 
As with all innovative technologies, public resistance can be a major 
barrier to technology adoption, so care must be taken to timely address 
possible public concerns. Furthermore, individuals’ technology per-
ceptions differ depending on their background. For instance, farmers’ 
perceptions of animal welfare in livestock breeding are consistently 
positive, whereas consumers’ perceptions tend to be negative (Te Velde 
et al., 2002).

Given the importance of public acceptance in technology adoption, 
the present study assessed public perceptions of digital technologies in 
agriculture to explore the driving factors, because a deep understanding 
of public acceptance of digital technologies is crucial for the long-term 
success of the technologies. The study was conducted in Switzerland, 
where only a few digital technologies have been implemented in 
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agriculture to date (Groher, Heitkämper, & Umstätter, 2020; Groher, 
Heitkämper, Walter, et al., 2020).

One of the few studies assessing consumers’ perceptions of digital 
technologies in agriculture was recently conducted in Germany by 
Pfeiffer et al. (2020), who asked consumers about their spontaneous 
associations regarding milking and feeding robots, an autonomous 
tractor and a swarm of small sowing robots. The technologies were 
shown to participants as pictures, and no further description was pro-
vided. The participants considered digital technologies innovative and 
relevant but expressed numerous negative associations for animal 
farming. Overall, they agreed that digital technologies could contribute 
to animal welfare and environmental protection, and they supported 
subsidies for farmers using digital technologies. Pfeiffer et al. (2020)
illustrated and briefly explained four specific technologies—spot 
spraying, digital hoeing, near-infrared (NIR) spectroscopy sensor tech-
nology and sensors for animal husbandry—and asked participants to 
rate each technology in terms of their consent to its use. The highest 
consent was found for digital hoeing technology, followed by sensors for 
livestock farming, NIR sensors and spot spraying. Overall, consent was 
quite high.

Still, digital technologies are not a homogeneous construct. For 
instance, technologies in plant production are perceived differently than 
those in livestock farming. Furthermore, views tend to be more critical 
when robotics is used in the handling of live animals (Pfeiffer et al., 
2020). To explore consumer perceptions of precision livestock tech-
nologies in the pork and dairy value chains, Krampe et al. (2021) con-
ducted a total of six focus group discussions in Finland, the Netherlands 
and Spain, finding that consumers’ perceptions differ depending on the 
technology. For instance, consumers assumed that precision livestock 
farming technologies could reduce stress in the rearing of pigs. By 
contrast, they indicated that the use of precision livestock farming 
technologies for cows would increase stress levels, as they would reduce 
cows’ interactions with farmers (Krampe et al., 2021). Pfeiffer et al. 
(2020) found that, for dairy farms, the milking robot was associated with 
more negative terms than the feeding robot. Again, the milking robot 
would reduce interactions with farmers. Overall, the authors contend 
that consumers’ critical perceptions of these technologies may be due to 
their perceiving the technologies as being more beneficial to farmers 
than to cows.

Automatic milking systems and the milking robot were among the 
first autonomous machines used in dairy farming (Holloway & Bear, 
2017). As a result, they have been investigated in a number of studies 
(Henchion et al., 2022; Pfeiffer et al., 2020). For instance, data from an 
older postal survey in the UK reveal that around 30 % of the participants 
rated the technology positively and 41 % negatively, with over 30 % 
undecided (Millar et al., 2002). Consumer concerns focused mostly on 
animal welfare (Millar et al., 2002), although it has been shown that the 
introduction of a robot affects both cows and farmers (Driessen & 
Heutinck, 2014). In terms of benefits, 60 % of the consumers in Millar 
et al.’s sample believed that the technology would benefit farmers, 
whereas only 25 % believed that it would benefit cows. Furthermore, 50 
% expected that cow welfare would suffer (Millar et al., 2002). Although 
the study investigated the effect of demographic and household infor-
mation as well as technology awareness, it provides very little infor-
mation on additional factors that may influence technology acceptance 
such as psychological factors and technology perceptions.

In the case of virtual fences, consumers are likewise deeply con-
cerned about animal welfare (Stampa et al., 2020), although research 
has found that the welfare and behaviour of cattle in grazing systems 
that use virtual fencing are very similar to those in systems that use 
electric fencing (Campbell et al., 2019) and that pasture grazing itself 
positively affects cattle welfare (Crump et al., 2019). Furthermore, vir-
tual fences can optimise pasture grazing to contribute to biodiversity 
conservation, for example, by protecting sensitive areas (Stampa et al., 
2020). However, the focus in communication should be on the benefits 
instead of on the technology.

For technologies in plant production, diverse concerns play impor-
tant roles. Drones, for instance, can reduce carbon emissions but 
contribute to noise pollution in the environment (Khan et al., 2018). 
Heavy machinery on agricultural fields can cause soil compaction, and 
robots and technologies in general can contribute to environmental 
pollution or industrialisation (Pfeiffer et al., 2020). Technologies in the 
plant protection domain such as spot spraying, tend to be perceived 
negatively, as they are associated with chemicals, poison or environ-
mental pollution (Pfeiffer et al., 2020). Further concerns include data 
security and—in the case of autonomous machines, for example—the 
safety of humans and animals.

As mentioned, numerous studies have focused on milking robots, 
whereas only a few have investigated other technologies. Furthermore, 
most studies investigate the farmers’ side of technology acceptance 
(Afful-Dadzie et al., 2022; Giua et al., 2022; Guo et al., 2022), and little 
is known about how factors beyond sociodemographics influence the 
public’s technology perception.

Our study contributes to the literature first by conducting a quali-
tative analysis of Swiss public perception of four smart farming tech-
nologies (i.e. hoeing robot, spray drone, milking robot and virtual 
fence). Second, our study is the first to analyse how sociodemographic 
factors, political orientation, perceptions of farmers and the importance 
ascribed to food naturalness influence technology perception in a 
representative Swiss sample. In view of the currently low adoption rates 
of smart farming technologies in Switzerland, these findings are crucial 
for researchers to identify the main predictors of technology adoption 
and for practitioners to improve technology communication.

2. Materials and methods

We conducted two studies to investigate public perceptions of smart 
farming technologies. Study 1 took an exploratory approach, using 
qualitative assessments of four smart farming technologies: hoeing 
robot, spray drone, milking robot and virtual fence. As technologies in 
the plant domain are perceived differently from those in livestock 
farming (Pfeiffer et al., 2020), the experimental design was balanced for 
these two conditions. Further, one technology was more established and 
one less established in each domain (i.e. plant and animal). Specifically, 
Swiss experts have identified hoeing robots as promising technologies in 
plant production, whereas spray drones are perceived as less important 
(Ammann, 2022; Groher, Heitkämper, Walter, et al., 2020). Similarly, 
milking robots are a more established technology compared to the rather 
novel virtual fence (Groher, Heitkämper, & Umstätter, 2020; Umstätter, 
2011). We asked the participants to provide their spontaneous associa-
tions with these four technologies (Fig. 1).

Study 2 followed a quantitative approach to analyse the general 
perception of the two smart farming technologies that are most often 
used in Switzerland (i.e. hoeing and milking robots) (Groher, 
Heitkämper, & Umstätter, 2020; Groher, Heitkämper, Walter, et al., 
2020). To better understand the determinants of technology percep-
tions, we collected data on demographic and personal characteristics 
that have been found to be important predictors of technology percep-
tions in the existing literature. Various sociodemographic predictors 
have been identified as important in technology perception. Among 
sociodemographic variables, age has been identified as an influential 
factor, with older participants (>65 years) being more satisfied with 
contemporary dairy farming and expressing less desire than younger 
participants for traditional and natural dairy farms (Boogaard et al., 
2010). Furthermore, men adopt digital technologies more readily than 
women do (Ammann, Walter, & El Benni, 2022; Wachenheim et al., 
2021), which can also indicate that men have more positive attitudes 
towards digital technologies than women. This applies to both the 
agricultural sector and beyond. Indeed, women have been found to show 
more concern than men about the risks associated with technologies 
(Greenberg & Schneider, 1995; Siegrist, 1998; Sparks et al., 1995). We 
controlled for education level, as individual knowledge can affect 
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technology perception. For instance, it has been found that, for milking 
robots, consumers’ awareness of the technology was associated with 
more positive attitudes towards it (Millar et al., 2002). Similarly, 
farmers’ technological awareness is related to their willingness to adopt 
technology (Jamil et al., 2021; Michels et al., 2019).

In terms of personal attitudes and values, we used statements 
assessing the participants’ perceptions of farmers to investigate whether 
those perceptions impact technology acceptance. Previous research has 
found that trust in farmers can influence attitudes towards smart 
farming technologies (Pfeiffer et al., 2020). Additionally, we investi-
gated how political orientation and preference for food naturalness 
impact perceptions of smart farming technologies. Political orientation 
has been shown to be related to individuals’ views on science and 
technology (Drummond & Fischhoff, 2017; Gauchat, 2012), and we 
included the perceived importance of food naturalness because it has 
been shown to play an important role for consumers (Román et al., 
2017). Moreover, in a Swiss study investigating how chemophobia af-
fects public acceptance of pesticide use and biotechnology in agricul-
ture, it was found that importance of naturalness influenced consumer 
acceptance of these technologies (Saleh et al., 2021). The conceptual 
framework of the two studies is shown in Fig. 1.

2.1. Participants

The data for Study 1 were collected using the online survey tool 
Unipark (Management Questback GmbH, Germany) in the German- 
speaking parts of Switzerland in autumn 2021. The participants were 
recruited through diverse channels, including direct invitations and 
social media, and through an online panel of ETH Zurich comprising 
individuals who participated in previous studies and agreed to being 

contacted for further studies. As an incentive for taking part, the par-
ticipants were offered a short summary of the study results upon 
completion of data analysis. In total, 287 participants (43 % female) 
completed the survey, of whom a significant proportion (30 %) indi-
cated that they held a university degree. Table 1 summarises the sample 
characteristics.

The data for Study 2 were also collected through an online survey in 
the German- and French-speaking parts of Switzerland in February 
2023. The participants were recruited through an internet panel from a 
certified commercial panel provider (Bilendi AG). Quotas were estab-
lished for gender (50 % women), age (33 % each of ages 18–35, 36–54 
and 55–75,) and language region (50 % German, 50 % French). Par-
ticipants who took less time than half the median time of all the par-
ticipants to complete the survey were excluded (for example Ammann 
et al., 2019) on the assumption that they did not answer the questions 
reliably. This procedure resulted in a sample size of 485 participants.

2.2. Questionnaires

Before starting the questionnaire for Study 1, the participants pro-
vided their written consent. The questionnaire comprised three main 
parts. The first collected participant information, such as age, sex, ed-
ucation and whether they currently lived in a city, suburb or the coun-
tryside. Next, we provided the participants with a short definition of 
smart farming to ensure that they all had the same level of under-
standing before moving on to specific questions on smart farming. The 
definition was phrased as follows:

Smart farming describes the use of new digital technologies in 
agriculture. All areas of production are affected, such as soil, water and 
crop management, plant protection, livestock management, animal 

Fig. 1. Conceptual framework of the two studies.
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health and automation. The aim of the new technologies is to increase 
efficiency, reduce environmental impact and obtain higher yields.

Since the legal status of autonomously driving machines has not yet 
been completely clarified and small farmers in particular may experi-
ence a competitive disadvantage due to the high acquisition costs, the 
technologies have not yet been able to establish themselves on a broad 
scale.

In part two of the survey, we asked the participants about their 
spontaneous associations for four specific smart farming technologies: 
spray drone, hoeing robot, virtual fence and milking robot. Care was 
taken to include two technologies from plant production and two 
technologies from animal production to ensure a balanced representa-
tion of technologies. For each technology, the participants were shown a 
picture and a short description to ensure that they all had the same level 
of knowledge when assessing the technologies (the pictures and de-
scriptions used are shown in the Appendix). The questions regarding 
spontaneous associations were followed by questions soliciting a he-
donic rating. Each spontaneous association was rated on an interactive 
slider from 0 (very negative) to 100 (very positive).

In part three, the participants rated five statements on their general 
perceptions of farmers on a 7-point Likert scale from 1 (completely 
disagree) to 7 (completely agree). The items to measure perceptions of 
farmers were inspired by or adapted from Pfeiffer et al. (2020). We 
summarised the five items as an averaged scale, which demonstrated 
good reliability (α = 0.81, M = 5.5, SD = 0.9). Finally, the participants 
were invited to leave additional comments in a commentary field if they 
wished to do so. They were asked to provide their email address if they 
wished to receive a short report on the results. The average time 
required to complete the survey was around 20 min.

For Study 2, the participants provided their written consent before 
starting the survey. The questionnaire comprised two parts, the first of 
which was not related to the results of this study and is the subject of a 
separate publication (Saleh et al., 2024). In the second part, the par-
ticipants were randomly assigned to one of five information groups, 
resulting in around 100 participants per group. The groups then received 
a short description of a hoeing robot and a milking robot, but the de-
scriptions were framed differently for the five information groups (i.e. 
female farmer, female scientist, male farmer, male scientist and control). 
For instance, in the female farmer group, the technology was described 
as being used by a female farmer, whereas, in the control group, the 

technology’s use was described without any reference to a person. These 
conditions were used to test and control for possible framing effects, as 
previous research showed that the information source can impact the 
credibility of information (Flanagin et al., 2018). We chose two types of 
experts (i.e. farmers and scientists), who approach the technologies from 
a more practical or theoretical side, respectively. Further, we balanced 
for possible gender effects. Testing for differences between the infor-
mation groups (see Appendix), however, revealed that only one infor-
mation condition (i.e. male scientists) appeared to have an impact. As 
this finding was largely unexpected and difficult to explain based on the 
available literature, we decided to focus our analyses instead on con-
sumers’ perceptions of technologies. Consequently, we excluded the 
male scientist condition and worked with the rest of the sample. This 
resulted in a final sample size of 383 (see Table 1).

After reading the technology description, the participants were asked 
to rate each technology by their willingness to eat the products produced 
with them and by affect (general feelings towards the technology). All 
the questions were answered on an interactive slider, ranging from 
0 (not at all) to 100 (completely) for willingness to eat and 0 (very 
negative) to 100 (very positive) for affect. Verbal anchors were provided 
for both ends and the middle of the scale, and the participants provided 
their responses by clicking on the interactive slider.

Next, the participants indicated their self-perceived political identity 
on a scale from 0 (far left) to 100 (far right). We further measured their 
perceptions of farmers. For this, we used five items similar to those in 
Study 1, which were rated on a scale from 1 (do not agree at all) to 7 
(totally agree). In our sample, farmers were perceived positively (M =
5.8, SD = 0.9), and the scale’s reliability was good (α = 0.83) (see 
Table 2).

The importance of naturalness was measured using three items on a 
scale from 1 (not important at all) to 4 (very important) (Steptoe et al., 
1995). The scale by (Steptoe et al., 1995) was chosen based on the 
recommendations of previous studies, which found that it is a short, 
valid measure of the importance of naturalness (Michel & Siegrist, 2019; 
Román et al., 2017). Our sample indicated a high importance of natu-
ralness (M = 3.3, SD = 0.7), and the scale’s reliability was good (α =
0.83).

Table 1 
Sample characteristics for both studies.

Study 1 
(n = 287)

Study 2 
(n = 383)

Swiss 
average

M SD % M SD % Median %

Age 49.0 20.3 46.1 15.1 46.01

Gender (women) 42.9 48.0 50.32

Language (German) 100 49.3 61.43

Place of residence
City (big and small cities) 30.7 35.3 63.04

Suburbs 41.5 21.4 21.9
Countryside (countryside, village) 27.5 43.4 15.1
No response 0.3 0

Education level
low 2.6 4.4 13.75

medium 36.2 45.1 40.2
high 61.0 50.4 46.0

Note. Place of residence is based on participants’ self-assessment. Study 1 used 3 categories, Study 2 used 5 categories (see parentheses). Education levels: low =
compulsory school; medium = apprenticeship, vocational training, secondary school / vocational secondary school; high = higher technical or vocational training, 
university (of applied sciences) / university of education.

1 https://www.bfs.admin.ch/bfs/de/home/statistiken/bevoelkerung/stand-entwicklung/alter.html.
2 https://www.bfs.admin.ch/bfs/de/home/statistiken/bevoelkerung/stand-entwicklung/geschlecht.html.
3 https://www.bfs.admin.ch/bfs/de/home/statistiken/bevoelkerung/sprachen-religionen/sprachen.html.
4 https://www.bfs.admin.ch/bfs/de/home/statistiken/bevoelkerung/stand-entwicklung/raeumliche-verteilung.html.
5 https://www.bfs.admin.ch/bfs/de/home/statistiken/bildung-wissenschaft.html.
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2.3. Data processing and statistical analysis

For the spontaneous associations (part two of the survey in Study 1), 
the participants were instructed to write only one word, but some par-
ticipants wrote more than one word or even whole sentences. In those 
cases, we used only the first meaningful word, as we were interested in 
the first thing was that came to their mind. The qualitative data analysis 
followed a structured process. First, all responses were reviewed to gain 
an overview. Next, the main categories were derived through the first 
author grouping similar responses. The final coding then applied the 
category system to the entire dataset. The results were then analysed 
based on category frequency. Associations that were mentioned only 
once were summarised in the category ‘other’.

For Study 2, we conducted a correlation analysis. Further, linear 
regression analysis was used to identify the influential predictors of 
technology perception. All statistical analyses were performed using 
IBM SPSS Statistics version 26 (IBM, Armonk, NY, USA). Following the 
open science policy, our questionnaire, data and the Study 2 code can be 
freely accessed through Zenodo (Ammann, 2024).

3. Results

3.1. Spontaneous associations with plant- and animal-related 
technologies

Study 1 aimed to assess public perceptions of specific examples of 
smart farming technologies. In the domain of plant production, we used 
spray drones and hoeing robots. The participants’ most frequently 
mentioned spontaneous associations with those technologies are listed 
in Table 3. On average, the participants gave similar, positive hedonic 
ratings to spray drones (M = 65.2, SD = 34.0) and hoeing robots (M =
65.7, SD = 30.8). (see Table 3)

Both of the plant-related technologies mostly inspired positive as-
sociations. These included positive adjectives or mentions related to 
progress, such as ‘innovation’ or ‘future’. For spray drones, the partici-
pants worried most about noise. For the hoeing robot, the major nega-
tive points were the costs and the effect the robot might have on the soil, 
such as soil compaction. We further found that social impacts (i.e. labour 
facilitation) were mentioned for the hoeing robot but not for the spray 
drone.

As specific technologies in the domain of animal production, we used 
virtual fences and milking robots. The participants’ most frequently 
mentioned spontaneous associations for virtual fences and milking ro-
bots are listed in Table 4Table 3. For virtual fences, the hedonic ratings 
were on average negative (M = 34.2, SD = 30.4). The most frequently 
mentioned associations were related to animal welfare and various 
negative adjectives or words. A group of 23 participants gave positive 

adjectives or terms, expressing their interest in and support of this 
technology. Clearly, a major issue, aside from concerns regarding animal 
welfare, was that the participants did not see the benefit of this tech-
nology. The category useless was among the most popular associations 
for virtual fences, summarising responses that indicated that the tech-
nology did not make sense or had no use or that the participants did not 
see its benefit.

On average, the participants’ hedonic ratings for milking robots were 
positive (M = 60.7, SD = 32.5, see Table 4). It seems that this technology 
is not completely new to consumers, as 10 participants indicated that 
they already knew about it or that it is an established technology. The 
most frequently mentioned point of criticism regarding this technology 
was the decreased relationship between animals and humans.

3.2. Consumers’ affect towards hoeing and milking robots

In Study 2, the hoeing robot was perceived significantly more posi-
tively than the milking robot in terms of affect (M = 73.0, SD = 21.0 and 
M = 65.9, SD = 27.3, respectively, t[382] = 5.7, p < .001) and will-
ingness to eat the products produced (M = 81.9, SD = 18.7 and M =
76.8, SD = 25.7, respectively, t[382] = 4.3, p < .001). The importance of 
naturalness in food is positively correlated with the perception of the 
hoeing robot (Table 5). Additionally, the more positively farmers are 
perceived, the higher is the affect and the willingness to eat products 
produced with a milking or hoeing robot. Further, the participants’ 
perceptions of farmers are positively correlated with political orienta-
tion, indicating that more right-leaning individuals have more positive 
perceptions of farmers than older and more left-leaning individuals 
(Table 5). Also, women tend to perceive farmers more positively than 
men do.

Using linear regression analysis, we analysed consumers’ affect 

Table 2 
Items used in the survey to assess participants’ perceptions of farmers and 
farming in Study 1 (n = 287) and Study 2 (n = 383).

Study 1 Study 2

M SD M SD

Perceptions of farmers (Cronbach’s α = 0.81 and 0.83, 
respectively)

5.5 0.9 5.8 0.9

1 I have a generally positive attitude towards 
farmers.a

5.6 1.3 5.9 1.2

2 Farmers’ work is important and valuable for 
society.

6.4 1.0 6.4 1.0

3 Farmers are committed to animal welfare.a 5.0 1.3 5.2 1.4
4 Farmers have a great environmental awareness.a 4.3 1.4 5.0 1.4
5 Family farms are important and should be 

preserved.a
6.1 1.3 6.3 1.0

Note: Items were measured on a 7-point Likert scale from 1 (completely 
disagree) to 7 (completely agree); a item developed in accordance with (Pfeiffer 
et al., 2020).

Table 3 
Spontaneous associations for plant-related technologies (spray drone and hoeing 
robot), number of mentions and hedonic ratings (Study 1).

Hedonic ratings

Category (examples) Mentions Direction M 
(SD)

SD

Spray drone 65.2 34.0
Positive (meaningful, clever, super) 60 + 85.4 17.9
Efficient (effective) 33 + 82.8 19.9
Progress (innovation, modernisation, 

modern, future, futuristic)
41 + 83.3 15.6

Ecological (less poison, ecological, less 
soil damage)

13 + 87.6 20.6

Noise (noise, volume) 13 − 19.9 20.1
Precision (exact application) 13 + 73.3 26.8
Other 12 = 48.6 35.5
Negative (fear, danger, unsafe) 12 − 18.3 18.3
Plant protection (reduction of pesticides, 

elimination of pesticides)
11 = 45.2 31.8

Hoeing Robot 65.7 30.8
Positive (good, ingenious, cool) 57 + 85.6 16.3
Progress (futuristic, future, progress, 

optimisation)
26 + 73.5 24.1

Costs (expensive, high costs) 19 − 40.6 27.4
Environment (sustainable, biodiversity) 19 + 87.6 20.5
Other 18 = 46.3 25.7
Efficient (efficient) 16 + 84.5 13.5
Labour facilitation (relief) 15 + 83.3 22.3
Soil (heavy machines, effects on soil, 

compaction)
12 − 25.0 20.8

Meaningful (meaningful application, 
good use of technology)

10 + 86.8 13.9

Note: Only categories with 10 or more mentions are presented. Specific men-
tions per category are given in parentheses. Hedonic ratings were provided on a 
scale from 0 (very negative) to 100 (very positive). The category ‘other’ sum-
marises various single mentions.
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towards the described hoeing and milking robots (Table 6). The results 
of the correlation analysis are confirmed. Both the hoeing and milking 
models are statistically significant, explaining 9 % and 14 % of the 
variance, respectively. The perceptions of farmers and the importance of 
naturalness emerged as the most influential predictors of affect towards 
hoeing robots (Bhoeing = 4.36 and 4.26, respectively), whereas, for the 
milking robot, perceptions of farmers was most influential (Bmilking =

9.15).

4. Discussion

The overarching aim of the present work was to investigate public 
perceptions of plant-related and animal-related technologies and 
determine the factors that influence perceptions of them. Study 1 found 
that, overall, participants gave higher hedonic ratings to the two 

technologies in the domain of plant production (i.e., spray drones and 
hoeing robots) than to the technologies in the domain of animal pro-
duction (i.e., virtual fences and milking robots). This is in line with the 
results of a study by Pfeiffer et al. (2020), who found that the commonly 
mentioned categories for animal-related technologies were more nega-
tively associated than those for plant-related technologies. However, 
those researchers found that three of the five most frequently mentioned 
associations for the milking robot—animal cruelty, rejection and in-
dustrial agriculture—were negative, whereas we found only one nega-
tive association (i.e., the missing relation to humans) and one neutral 
category (i.e., animal welfare) among the most frequent five. Three 
positive associations were also among the five most mentioned associ-
ations in our study, including labour facilitation for farmers and cows’ 
self-determination. Therefore, consumers seem more sceptical about 
animal-related technologies due to animal welfare concerns, whereas, in 
regard to plant production technologies, they are concerned with envi-
ronmental matters.

In Study 1, the frequently mentioned, positively associated aspects of 
all four technologies (i.e. hoeing robot, spray drone, milking robot and 
virtual fence) can be summarised by the terms future and progress, which 
is in line with the findings of Pfeiffer et al. (2020). Attributes such as 
innovative, ingenious, futuristic and modern were important for all four 
technologies. We see this as an indication of the public’s general interest 
in or fascination with these technologies, but their perceptions of the 
technologies differed depending on the domain in which the technolo-
gies are used (animal or plant production). Overall, we found positive 
perceptions of smart farming technologies among the participants. This 

Table 4 
Spontaneous associations for animal-related technologies (virtual fence and 
milking robot), number of mentions and hedonic ratings (Study 1).

Hedonic ratings

Category (examples) Mentions Direction M SD

Virtual fence 34.2 30.4
Animal welfare (animal cruelty) 53 − 17.7 21.1
Negative (terrible, horror, hard, no way) 39 − 14.5 13.1
Useless (does not make sense) 21 − 27.8 27.3
Positive (interesting, clever) 19 + 66.3 22.5
Other 16 − 42.1 33.7
Learning ability (conditioning, does cow 

understand)
13 − 35.1 32.4

Pain (brutal, suffering) 13 − 12.9 14.7
Progress (innovative) 12 + 75.2 24.8
Danger (children, hiker) 12 − 28.9 32.9

Milking robot 60.7 32.5
Positive (intelligent, ingenious, 

interesting, cool)
43 + 85.5 12.6

Animal welfare (brutal, cow as machine) 39 = 49.4 38.5
Missing relation to humans (impersonal) 19 − 30.6 28.5
Labour facilitation (more free time) 18 + 81.3 16.3
Self-determination (voluntary) 16 + 75.8 20.8
Scepticism (impossible, danger, doubt) 15 − 44.2 27.8
Negative (cold, questionable, terrible) 15 − 33.8 27.9
Efficient (exact) 12 + 84.8 18.4
Progress (modern, innovation) 11 + 83.2 16.0
Known (nothing special, standard) 10 + 77.3 29.5
Other 10 = 53.0 33.6

Note: Only categories with 10 or more mentions are presented. Specific men-
tions per category are given in parentheses. Hedonic ratings were provided on a 
scale from 0 (very negative) to 100 (very positive). The category ‘other’ sum-
marises various single mentions.

Table 5 
Pearson’s correlations (Study 2, n = 383).

1. Age 2. Gender 3. Political orientation 4. Perceptions of farmers 5. Naturalness 6. Affect 7. Willingness to eat

1. Age 1
2. Gender 0.068 1
3. Political orientation 0.035 0.050 1
4. Perceptions of farmers − 0.015 − 0.130* 0.253** 1
5. Naturalness 0.226*** − 0.087 − 0.090 0.015 1

Hoeing Robot
6. Affect 0.188*** 0.075 0.030 0.175*** 0.167** 1
7. Willingness to eat 0.140** 0.015 − 0.006 0.212*** 0.089 0.666*** 1
Milking Robot
6. Affect 0.132** 0.113* 0.157** 0.307*** − 0.030 1
7. Willingness to eat 0.129* 0.120* 0.138** 0.364*** − 0.109* 0.759*** 1

Note: Gender: 0 = woman, 1 = man; political orientation from 0 (very left) to 50 (middle) to 100 (very right); perceptions of farmers = 5 items as used in Study 1 and 
measured on a 7-point Likert scale from 1 (do not agree at all) to 7 (completely agree); naturalness = 3 items in accordance with (Steptoe et al., 1995) and rated for 
importance on a scale from 1 (not important at all) to 4 (very important); * p < .05, ** p < .01, *** p < .001.

Table 6 
Linear regression analysis predicting affect towards the two technologies (Study 
2, n = 383).

Hoeing Robot Milking Robot

B SE β B SE β

Constant 22.98** 8.72 0.68 11.03
Age 0.22** 0.07 0.15 0.25** 0.89 0.14
Gender 4.28* 2.10 0.10 7.45** 2.65 0.14
Political orientation − 0.02 0.05 − 0.02 0.08 0.06 0.06
Perceptions of farmers 4.36*** 1.16 0.19 9.15*** 1.46 0.31
Naturalness 4.26** 1.59 0.14 − 1.98 2.02 − 0.05
Model F(5, 377) = 7.71*** F(5, 377) = 12.35***
R2 0.09 0.14

Note: Gender: 0 = woman, 1 = man; political orientation from 0 (very left) to 50 
(middle) to 100 (very right); perceptions of farmers = 5 items as used in Study 1 
and measured on a 7-point Likert scale from 1 (do not agree at all) to 7 
(completely agree); naturalness = 3 items in accordance with (Steptoe et al., 
1995) and rated for importance on a scale from 1 (not important at all) to 4 (very 
important); * p < .05, ** p < .01, *** p < .001.
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is well aligned with the findings of Spykman et al. (2021) in Germany, 
who found that the general tendency towards specific technologies in 
Germany (i.e. weed management and sensors in dairy production) is 
positive.

For plant-related technologies specifically, the associations and rat-
ings were mostly positive, whether in terms of efficiency, the environ-
ment or labour facilitation. The positive perception of plant-related 
technologies in our study might be due to the fact that both technologies 
aim to reduce the use of pesticides, which was found to be an important 
attribute in previous studies (Garnitz et al., 2025). Given that in-
dividuals supporting the Green Party in Germany were found to be more 
supportive of crop robots (Zeddies & Busch, 2025), it seems possible that 
this could be due to more environmental awareness among this group of 
consumers, together with the fact that crop robots can be used to reach 
environmental goals, such as the reduction of pesticides.

However, the public perceives soil compaction as a negative side 
effect of hoeing robots in our study, even though experts believe that 
they can reduce soil compaction as compared to traditional farming 
methods (Gerhards et al., 2022), so there seems to be a mismatch be-
tween experts and lay people regarding the perceived risk of soil 
compaction. This merits further examining consumers’ perceived risks 
of such technologies to better understand their concerns and positions.

The most important associations and ratings for the animal-related 
technologies related to animal welfare. It was the most frequently 
mentioned aspect for virtual fences and had a negative hedonic rating; 
for milking robots, it was the second most frequently mentioned and had 
on average, a neutral hedonic rating. Overall, the milking robot was 
perceived more positively than the virtual fence. Although a comparably 
small share (about 6 %) of dairy farms in Switzerland currently use 
milking robots (Bach et al., 2022; Groher, Heitkämper, & Umstätter, 
2020), their adoption by farmers is rapid due to increased flexibility in 
daily work and great relief from the physically heavy work of milking 
(Cockburn et al., 2019). Furthermore, the technology was among the 
first autonomous machines used in dairy farming and is therefore quite 
well known by farmers and consumers. The introduction of a robot af-
fects the welfare of both cow and farmer, so it is interesting to note that 
the associations found in our study suggest that the public primarily 
focusses on the cow (Driessen & Heutinck, 2014). This may indicate the 
great importance that the public assign to animal welfare (Ammann, 
Mack, et al., 2023).

Research on virtual fences has found that animals learn the concept 
of a virtual fence and remain in the virtually fenced area (Langworthy 
et al., 2021) and that the welfare of cows is not negatively affected as 
compared to when electric fencing is used (Verdon et al., 2021). Still, the 
scepticism of the general population is reflected in legislation. For 
example, legislation in Switzerland does not currently allow the use of 
virtual fences for practical purposes because the animal has no visual 
orientation as in the case of common fencing systems. Accordingly, 
based on public demand, research trials are underway to investigate the 
technology’s viability for Swiss agriculture and its impact on animal 
welfare. The finding that numerous individuals did not see the benefit of 
virtual fences may be partly due to the description we provided, yet it 
strongly indicates that clear communication focused on benefits is 
needed if this technology is to be used more widely. Similar effects have 
been reported for gene technology, with the absence of consumer ben-
efits leading to more perceived risks and moral concerns, calling the 
technology into question (Gaskell, 2000). Therefore, as suggested else-
where (Stampa et al., 2020), communication with the general public 
should focus not on the technology but on its benefits that are relevant 
and important to consumers.

As in Study 1, the results of Study 2 showed higher acceptance of 
plant- than animal-related technologies. Further, it revealed that women 
were more sceptical than men towards the milking robot, which is in 
accordance with previous research reporting that men adopt digital 
technologies more readily than women do (Ammann, Walter, & El 
Benni, 2022; Wachenheim et al., 2021). Women also tend to be more 

critical than men towards farmers, which could be related to the fact that 
the perceptions of farmers included items regarding animal welfare and 
caring for the environment, two topics about which women seem to be 
more sensitive than men (Ammann, Arbenz, et al., 2023; Ammann, 
Mack, et al., 2023; Grunert et al., 2014; Pomarici & Vecchio, 2014).

Interestingly, we found no significant influence of political orienta-
tion on peoples’ perceptions of technologies. Zeddies and Busch (2025)
found that individuals in Germany with Green Party preferences tended 
to be supporters of or enthusiasts for of robotics and autonomous sys-
tems, whereas more sceptical tendencies were identified for individuals 
with preferences for the right-wing party, which might indicate a posi-
tive correlation between technology acceptance and left-wing party 
preferences. The absence of this effect in our sample could be due to the 
fact that we did not ask about political parties but rather about political 
orientation (left-wing vs. right-wing tendencies) and that the political 
environment in Switzerland is somewhat different.

Study 2 revealed that food naturalness is an important factor influ-
encing consumers’ perceptions of plant-related technologies. The more 
important naturalness in food was to consumers, the likelier they were to 
perceive hoeing robots positively. We assume this is because hoeing 
robots fight weeds manually instead of chemically through the use of 
herbicides, which would be perceived as less natural. Robots evidently 
satisfy consumers’ desire for food grown naturally without the contro-
versial use of pesticides or herbicides, which they perceive as harmful to 
health and the environment (Saleh et al., 2024). This accords well with 
previous research conducted in Germany, where consumers expressed a 
general wish for natural and traditional farming (Zander et al., 2013) 
and considered the reduction of pesticides through the use of spot- 
spraying as an important improvement compared to conventional 
spraying (Spykman et al., 2022). It is important to keep in mind that in 
other studies, the general public did not see the use of technology as 
generally beneficial (Wilmes et al., 2022). Still, they also found that the 
relationship can turn positive when environmental arguments are 
included. Therefore, it is crucial to investigate further and identify as-
pects, such as perceived naturalness, that may help support positive 
technology perception.

For both the milking and hoeing robots, perceptions of farmers seem 
to be the most important determinant. The more the participants 
perceived that farmers care for animal welfare and the environment, the 
more positive their perceptions of the robots. The result suggests that 
both environmental and social aspects, such as the minimal use of pes-
ticides and farmers’ working conditions, are important factors in eval-
uating new technologies and the products produced with them. This is in 
line with previous research reporting that descriptions of animal welfare 
and environmental protection encourage public acceptance (Pfeiffer 
et al., 2020). Similarly, Spykman et al. (2022) concluded that commu-
nication about crop robots should focus on the environmental benefits 
rather than economic gains. Overall, our findings indicate a divergence 
in the relevance of the factors influencing consumer perceptions 
depending on the type of technology investigated.

In line with Rose et al. (2022), we conclude that the narratives sur-
rounding smart farming technologies are not linear. Public perception 
differs not only in regard to the technology under consideration but also 
within technologies, with some individuals perceiving the technology as 
positive and others perceiving it as negative. The use of a technology 
affects both farmers (e.g. through physical relief or more flexibility) and 
their farms (e.g. through more efficient use of resources) and farm ani-
mals (e.g. through better monitoring of health data). Individuals weigh 
these aspects differently, resulting in individual perceptions that may 
differ from the general narrative. It is important to shed light on these 
individual perceptions to strengthen our understanding of technology 
perception and, ultimately, technology acceptance. Communication ef-
forts should focus on highlighting the relevant beneficial aspects of the 
technologies for animals, farmers and the environment.
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4.1. Limitations and outlook

A few limitations of the present study must be acknowledged. First, 
Study 1 employed a convenience sample with relatively high levels of 
education, so conclusions about the general population should be drawn 
with caution. Furthermore, our data for both studies relied on self- 
reporting, so the results may be influenced by social desirability bias. 
This means that it is possible that the participants provided answers they 
thought would appear favourable to others instead of revealing their 
true preferences. Further, it is unclear whether the recorded perceptions 
would translate to behaviours and decisions in real situations. Con-
sumers might be in favour of a technology, but in a purchase setting, 
many factors, such as price or taste, strongly influence consumer de-
cisions. A similar phenomenon is described by the consumer-citizen gap. 
Citizens might be accepting of a technology (e.g. vote for it), but when 
faced with actual products in the store, as consumers, they may still 
choose different products. Still, we believe that our exploratory 
approach to investigating consumer perceptions may help develop 
beneficial communication strategies. Building on these insights, future 
studies should specifically investigate and identify potential public 
resistance. A final limitation to address is the selection of technologies. 
Our study focused on some of the more frequently used and discussed 
technologies in Swiss agriculture, mainly the use of robotics in plant and 
livestock production. Importantly, we found that these technologies are 
perceived differently, with animal-related technologies tending to be 
perceived more negatively than plant-based technologies. To complete 
the picture, future research should study different motivations behind 
technology perceptions to allow for tailored communication to con-
sumers. Our studies address an important area of research that has not 
gained a great deal of scientific attention to date. However, with experts 
predicting steady increases in the use of digital technologies in agri-
culture (Ammann, Umstätter, & El Benni, 2022), future studies should 
follow the evolution of consumers’ acceptance of these technologies.

5. Conclusion

The present study took both qualitative and quantitative approaches 
to investigate public perceptions of smart farming technologies. We 
found that consumers generally express positive associations towards 
digital technologies in agriculture. Importantly, we found that the 
importance of food naturalness may play a role in the perception of 
plant-related technologies, whereas, for animal-related technologies, 
perceptions of farmers and animal welfare seem more important. As a 
result, communication regarding plant-related technologies should 
focus on the naturalness of the food produced, whereas communication 
regarding animal-related technologies should highlight the well-being 
of animals. Based on our results, we conclude that the focus in 
communication should be on the benefits instead of on the technology. 
Our findings offer an interesting starting point for efforts to increase 
public acceptance of specific technologies.
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Appendix A. Appendix

Table A1 
Descriptions of the smart farming technologies used in Study 1.

Original German description [English translation]

1 Auf dem Bild sehen Sie eine Spritzdrohne beim Einsatz am Rebberg. Sie soll körperliche Belastung bei der Bewirtschaftung von Steillagen mindern. Ausserdem kann sie 
Pflanzenschutzmittel sehr zielgenau ausbringen, was dazu führt, dass weniger Pflanzenschutzmittel eingesetzt werden können. 

(continued on next page)
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Table A1 (continued )

Original German description [English translation]

[The picture shows a spraying drone in use at the vineyard. It is intended to reduce physical strain when cultivating steep slopes. It can also apply pesticides very precisely, which 
means that fewer pesticides can be used.]

2 Auf dem Bild sehen Sie einen autonomen Hackroboter. Er beseitigt mechanisch, also ganz ohne Pflanzenschutzmittel, allfällige Unkräuter im Feld. Er kann bspw. per 
Smartphone gesteuert werden und soll an Zeit und Aufwand einsparen. 
[The picture shows an autonomous hoeing robot. It removes any weeds in the field mechanically, i.e. without any pesticides. It can be controlled by a smartphone, for example, 
and is intended to save time and effort.]

3 Auf dem Bild sehen Sie virtuelle Zäune. Diese sollen eine nachhaltigere Weidenutzung zulassen und somit die biologische Vielfalt fördern. Das Tier erhält einen Stromschlag beim 
Verlassen des Gebietes, nach drei Stromschlägen schaltet es automatisch ab, um keine Gefährdung der Tiere zu riskieren. 
[In the picture, you can see virtual fences. These are intended to allow more sustainable pasture use and thus promote biodiversity. The animal receives an electric shock when 
leaving the area; after three electric shocks, it switches off automatically so as not to risk endangering the animals.]

4 Auf dem Bild sehen Sie einen Melkroboter. Die Kühe können selbstbestimmt während des Tages den Melkroboter aufsuchen, um sich melken zu lassen. Für den Bauern oder die 
Bäuerin bedeutet das flexiblere Arbeitszeiten und eine Arbeitserleichterung. 
[In the picture, you can see a milking robot. The cows can visit the milking robot during the day to be milked. For the farmer, this means more flexible working hours and less 
work.]

Table A2 
Original German items used in the survey of Study 1 (N = 287).

Item M SD

Perceptions of farmers (5 items, α = 0.81) 
1 (completely disagree) to 7 (completely agree)

5.5 0.9

1 Ich bin Bauern gegenüber generell positiv eingestellt a 5.6 1.3
2 Die Arbeit der Bauern ist wichtig und wertvoll für die Gesellschaft. 6.4 1.0
3 Bauern setzen sich für das Tierwohl ein. a 5.0 1.3
4 Bauern haben ein grosses Umweltbewusstsein. a 4.3 1.4
5 Bäuerliche Familienbetriebe sind wichtig und sollten erhalten a bleiben. 6.1 1.3
a Item developed in accordance with (Pfeiffer et al., 2020).

Table A3 
ANOVA testing for the effect of information condition on the perception of (affect towards) smart farming 
technologies (Study 2, N = 485).

Milking Robot

Complete sample (N = 485) 
Levene’s test for heterogeneity of variances: (F [4, 480] = 2.20, p = .07)

The model is significant, indicating that information condition has a significant influence on technology perception (F [4, 
480] = 2.92, p < .05, ηp

2 = 0.02).
Post hoc analysis with Bonferroni correction shows that the ‘male scientist’ condition significantly differs from the 

‘neutral’ condition (i.e. higher ratings for affect).

After removal of the ‘male scientist’ condition (n = 383)
Levene’s test for heterogeneity of variances: (F [3, 379] = 2.20, p = .33)
The model is not significant, indicating that information condition no longer has a significant influence on technology 

perception (F [3, 379] = 0.52, p = .57, ηp
2 = 0.04).

Hoeing Robot
Complete sample (N = 485) 

Levene’s test for heterogeneity of variances: (F [3, 379] = 0.78, p = .54)
The model is not significant, indicating that information condition does not have a significant influence on technology 

perception (F [3, 379] = 1.41, p < .05, ηp
2 = 0.01).

After removal of the ‘male scientist’ condition (n = 383)
Levene’s test for heterogeneity of variances: (F [3, 379] = 1.03, p = .38) 

The model is not significant, indicating that information condition still does not have a significant influence on 
technology perception (F [3, 379] = 1.36, p = .25, ηp

2 = 0.01).

Data availability

data is available and has been cited in the manuscript
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