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Abstract

Farm sizes play an important role in increasing public debates surrounding the sustainability
of agriculture, specifically of animal farming. While research cannot find consistent relation-
ships between sustainability and farm sizes, the ‘small-is-beautiful’-hypothesis remains still
prominent in public perceptions. The aim of this study is to deeply analyze public associa-
tions coming with small and large farms with a focus on sustainability issues, including ani-
mal welfare. We additionally consider the memory of media reporting on farms with different
sizes, wishes for legal regulations on farm and herd sizes, and the persuasiveness of scien-
tific results that disentangle farm size from sustainability aspects. To answer these ques-
tions, an online survey with 985 German residents was conducted in May 2021 and
descriptively analyzed. Although the attribute ‘small numbers of animals’ range among the
less important ones that constitute an ‘ideal animal farm’ (rank 10 of 12 attributes), the large
majority of participants (75.8%) reveal a preference for small over large animal farms. This
is backed up by the perception that small farms are advantageous in terms of good animal
welfare, environmental protection and product quality, but disadvantaged when it comes to
profitability. Additionally, negative media reporting on animal farms (remembered by 92%) is
more frequently related to large farms (82.5%) whereas positive media reporting (remem-
bered by 81.4%) are mainly linked to small farms by 56.8%. More than half of respondents
wish for regulations that limit farm and barn sizes. Scientific results finding no relationship
between farm size and animal protection or climate protection are convincing for only 33.0%
and 39.8% of the sample, respectively. A large farm size acts as a proxy for farming systems
with low animal welfare and conservation levels. This challenges communications about the
future of farming with the public as it can be assumed that farm sizes will further increase.

Author summary

In public discussions, farm size is often mentioned as an important factor for good animal
welfare and high environmental protection in animal farming. Scientific findings contrast
this ‘small-is-beautiful’ perceptions by not finding such simple relationships. In this study,
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we analyze peoples’ associations with farm sizes in order to better understand the underly-
ing mechanisms of preferences for small farms. We could find that farm size is used by
people from the broader public as proxy for good animal welfare and environmental pro-
tection on farms. It is not farm size per se that is perceived as important and sustainability
aspects are more important but large farms are associated to consider sustainability less
and focus more on profit on the expense of sustainable practices. Our findings point to a
challenge in the communication of future sustainable farming systems that might rely on
larger operations due to their advantages in terms of technology adaption, professionalism
and economies of scale.

1 Introduction

In recent years, the sustainability of agriculture including livestock farming is highly debated
in many countries public and politics such as in Germany or the Netherlands. This leads to
pressure on farmers to transform the sector towards more sustainability under insecurity,
resulting in discontent and even protest [1,2]. Farm size plays an important role in public dis-
cussions surrounding agriculture and critiques on livestock farming [3,4,5]. The public often
perceives large-scale farming as being detrimental for animal welfare and achieving lower sus-
tainability levels [5-8]. Contrastingly, scientific studies show that farm size is not a good indi-
cator for sustainability [4,9-12]. Both large as well as small farms have their advantages and
disadvantages concerning sustainability aspects. For example, biodiversity decreases as the size
of the cropland plots increases [13,14] and large-scale dairy farms manage less grasslands,
resulting in higher pesticide use [15]. At the same time, large farms usually show clear advan-
tages in productivity and efficiency per production unit [3,16-18], financial outcome [3,16,18]
and contribute to low food prizes due to economies of scale [19]. They are further more advan-
tageous because of specialization, which favors high levels of knowledge [20,21], and the devel-
opment of modern technologies i.a. those that have the potential to reduce the use of pesticides
[16]. Small family farms in Germany are not generally more sustainable compared to larger
farms [22]. Although slightly more production diversification is observed, small farms are
likely to cultivate somewhat more monoculture, a little more bare soils during winter and
slightly less conservation of structural elements in crop lands such as hedges, walls and trees,
probably due to higher scarcity of land and increased economic pressure [22]. However, small
farms may favor a more diverse agriculture [23], support local food availability [24], are more
flexible in implementing new forms of agriculture such as the concept of Community Sup-
ported Agriculture [25] and provide space for endangered livestock breeds and varieties. Some
argue that ‘small pioneers’ may be more likely to make an important contribution to the sus-
tainable transitioning of a sector [26] which would also make small farms more
advantageously.

Looking at animal welfare levels, a literature review [21] shows that farm size is not the deci-
sive factor for animal welfare. It is rather the type of husbandry system and farm management
that plays an important role [5,11,21,27,28]. In addition, farmers’ behavior and attitudes
towards the animals affect the human-animal relationship more than herd size [29]. However,
large farms may be more specialized which can be beneficial for good management [20]. Con-
trastingly, practices like access to pasture that benefit animal welfare tend to decrease with
increasing farm size [15,21]. Additionally, large-scale livestock farms bear a higher risk to
impair welfare of a higher number of animals at once in the event of disasters such as stable
fires, disease outbreaks or bad management.
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Thus, there is no clear evidence on the overall effect of farm size towards sustainability and
animal welfare. However, since many years the ‘small is beautiful’-hypotheses shapes public
discussions on agriculture and food production [30] and may bias perceptions regarding the
relationship between size of operation on the one and sustainability and animal welfare on the
other hand. The term ‘factory farming’ is often used to describe large operations with little wel-
fare and low sustainability levels. In a survey with German residents in 2011, it was found that
people have negative associations with the term “factory farming’, such as animal-abuse and
cruelty, high stocking densities and diseases [7]. Regarding farm sizes, ‘factory farming’ started
for many respondents with a number of animals clearly below average herd sizes in Germany
[7]. Another study points into similar directions and shows that intensive livestock production
is evaluated as unethical by a majority of respondents in five European countries and the most
seen risks are animal stress, unnaturalness and an increased incidence of animal diseases [31].
The mentioned might contribute to why consumers prefer products from small farms, with
purchase motivations similar to those for organic or locally sourced foods—especially with
regard to the treatment of animals but also in terms of support for farmers [32]. Indeed,
organic farms are assumed to be smaller than conventional ones and the idea of fair payment
for ‘small family farms’ is an important motive for buying organic produces [33].

Nevertheless, so far, little is known about the ‘small is beautiful’-frame and what farm char-
acteristics and associations contribute to this perception. Therefore, the aim of this study is to
determine how the public perceives farm sizes in animal farming and how people relate sus-
tainability aspects and animal welfare to farm size. This is particularly important as large-scale
farming is increasingly dominating agriculture in Western countries [24] and public accep-
tance is needed as one dimension of long-term sustainability [34]. We further investigate how
convincing scientific results about disentangled farm size and sustainability aspects are for citi-
zens. The latter is important for science communication about sustainability aspects in farm-
ing (other than size).

In this context our research questions are the following: 1) Do citizens prefer small or large
animal farms and how is media reporting on animal farming and farm sizes perceived? 2)
What role plays farm size in citizens’ perceptions of an ideal animal farm? 3) How are different
sustainability dimensions related to farm size in public opinions? 4) Do citizens favor regula-
tions concerning farm and herd sizes? 5) How convincing are scientific results that disentangle
sustainability from farm size for citizens?

2 Material and methods
2.1 Ethics approval

The study was approved by the Ethics Commission at University of Gottingen before data col-
lection. Participants were informed about the use of data and they provided written informed
consent online. They were informed that they can withdraw consent at any time by leaving the
survey through closing their internet browser.

2.2 Survey design

To answer our research questions, an online survey with 985 German residents was conducted
in May 2021. The survey started with questions about gender identity, age, education, and
place of residence. These questions were set as quotas according to the population in Germany.
People were further asked about household income and size and what type of diet they follow.
The next question asked whether participants prefer small or large farms and this question was
repeated at the very end of the survey. By repeating the question at the end, we intended to
measure if attitudes have changed after engaging more deeply with the topic. In a next step,
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participants were shown a set of attributes, including aspects related to farm size such as ‘small
numbers of farmed animals’ and ‘few employees’, and were asked to indicate on five-point
scales what they consider important for an ‘ideal’ animal farm they want to purchase produce
from. They were also asked whether they have seen or read about positive and negative media
reporting on animal farming and if yes, whether this was about small or large farms. Subse-
quently, participants were asked to indicate for different sustainability aspects (animal welfare,
ecology, economy, social aspects) if they think these are met on small farms, large farms or
independent of farm size. They were additionally asked whether there should be regulations
on how many animals should be allowed per farm or per stable and if yes, how many they con-
sider appropriate in the case of poultry, pigs and cattle. For this question, the sample was ran-
domly split into two sub-samples in order to limit survey length. Half of the sample answered
the questions for farm and the other for stable size. Questions were repeated for organic farms/
stables, respectively. Finally, participants were confronted with a short text describing that sci-
entific results do not see a clear relationship between farm sizes and animal welfare or farm
sizes and conservation and climate protection. Again here, participants were randomly
assigned into one of two splits, either the animal welfare or conservation/climate protection
sub-sample in order to limit response times adequately.

2.3 Data collection, cleaning and analyses

Recruitment of participants was facilitated by an online panel provider. Data was collected
online between May 4™ and May 8™ 2021. A total of 1,686 participants opened the link to
enter the survey. 365 participants were screened out due to quota requirements, 174 partici-
pants did not pass the quality check questions, and 17 declined their consent. From the
remaining 1,130 participants, 1,050 finished the survey. The median response time was 1150
seconds. Participants with a shorter response time than half of the median (575 seconds) were
excluded due to speeding behavior which is related to straightlining [35]. This was true for 65
participants. The final sample for analyses consists of 985 respondents. Data was analyzed
using IBM SPSS Statistics 26.

2.4 Sample description

Table 1 shows the distribution of demographics in the sample and the German population. It
shows that the sample is similar to the population in terms of age, gender education and place
of residency.

3 Results
3.1 Preference for small vs. large farms

Fig 1 shows a majority of respondents (rather) preferring small over large farms both at the
beginning as well as at the end of the survey. Participants preferring large farms constitute less
than 10% of the sample. 6.1% do not know or do not care at the beginning and 3.9% after com-
pleting the survey.

Looking at gender differences, we observe that female participants prefer small farms more
compared to male participants at the beginning of the survey (meangey,e = 1.66; standard
deviation (SD) = 0.75 and mean,,j. = 1.88; SD = 0.87; p<0.001; scale from 1 = “I prefer small
farms” to 5 = “I prefer large farms”). At the end of the survey, these differences disappear
(meangemare = 1.85; SD = 1.06 and mean,,. = 1.89; SD = 0.77; p>0.05) reasoned by a change
in the women’s answers.
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Table 1. Description of demographics in the sample and population in Germany.

‘ Sample (n = 985)

German population

Age

18-24 8.4% 9.1%
25-39 21.4% 22.8%
40-54 19.8% 24.9%
55-69 25.8% 24.3%
over 70 24.6% 18.8%
Gender

Female 49.8% 49.4%
Male 50.2% 50.7%
Education

Low 36.0% 36.5%
Middle 31.4% 30.0%
High 32.6% 33.5%
Place of residency

North 16.6% 16.1%
East 18.6% 19.5%
South 29.6% 29.1%
West 35.1% 35.2%

Age, Gender, Place of residency: [36]; Education: [37].
https://doi.org/10.1371/journal.pstr.0000032.t001

There is a weak positive correlation between age and the preference for large farms at the
beginning of the survey (r = 0.10; p<0.01), while this correlation also disappears at the end of
the survey (r = -0.05; p>0.05).

Please think of agricultural farms that keep animals. What applies best to
your opinion?

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
m | prefer small farms I rather prefer small farms
m | like small and large farms equally I rather prefer large farms
H | prefer large farms m | don't know/I don't care
Fig 1. Participants general preferences for small or large animal farms at the beginning and end of the survey (n = 985).
https://doi.org/10.1371/journal.pstr.0000032.g001
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Have you ever seen a negative report on If yes: do you remember: was it about small
animal farming on TV or read about it in the farms or large farms? (in %)
newspaper? (in %)
5.8
| /— 0.1

99 16

4725

55.2

| do not know/It was not said
M Always small farms
Predominantly small farms
m Partly/partly
Predominantly large farms
m Always large farms

= Yes mNo =ldonotknow

Fig 2. Negative media reports on animal farming that respondents remember and farm size in the reporting (n = 906).

https://doi.org/10.1371/journal.pstr.0000032.g002

3.2 Media reports on small and large farms

Figs 2 and 3 show how many participants remember to have seen or read about animal farm-
ing in a positive or negative way on TV or in the newspaper. 92.0% of respondents indicate to
already have seen a negative report about animal farming on TV or to have read a negative
article in newspapers. Only 4.7% of respondents state to never have seen or read a negative
reporting (3.4% do not know). From those 92.0% who already encountered negative reports,
82.5% state that it was about large farms. In total, 81.4% indicate that they have seen or read a
positive report/article about agricultural husbandry on TV or in newspapers and 11.7% deny
this (6.9% do not know). From those remembering a positive report, 67.2% state it was always/
predominantly about small farms.

Have you ever seen a positive report on animal If yes: do you remember: was it about small
farming on TV or read about it in the farms or large farms? (in %)
newspaper? (in %)

6.9

&

45.3
I
— 2.2
| do not know/It was not said
o Always small farms
Predominantly small farms
m Partly/partly

Predominantly large farms
m Always large farms

=Yes = No =ldo notknow

Fig 3. Positive media reports on animal farming that respondents remember and farm size in the reporting (n = 906).

https://doi.org/10.1371/journal.pstr.0000032.9003
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Please think of an, from your opinion, ideal animal farm. By that we mean a farm that
you like and from which you would like to buy animal food products.
How important are the following attributes for you to be fulfilled on that farm?

Animal protection IEEEEEEEEEEEEEENCS 28 487050.9
Environmental protection IO 42.2 121718119
Located in my region EEEEEENSGIIE— 42 151 4.1m2.5
Climate protection |IEEEEGEGENSGC—— 41.6 16.8 3.3m1.9
Own processing of produce IEEGEGZSH— 44 234 5I3I2.1
Traditional production systems IEEEE22EE 40.7 25.2 8.2 W35
Diverse farm branches PSS 39.3 26.6 7.3 135
Own marketing of produce IEG—_—IN— 38.1 25.7 8.5 W3.6
Family farm 2O 37.3 26 10.8 54
Small numbers of farmed animals TG 29.3 37.7 12.8 ©3.5
Small cropland 1SSl 19.6 41.9 24.1 EgISI
Few employees B 11.3 42.8 28.8 131

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

M Very important Rather important Partly/partly Rather not important ® Not important at all

Fig 4. Importance of different attributes for what participants consider an ideal animal farm (n = 985).

https://doi.org/10.1371/journal.pstr.0000032.g004

3.3 Important attributes of an ideal farm

On an ideal farm, from which participants like to buy animal produce, farm size (‘small num-
bers of farmed animals’), range among the less important attributes, although 46.0% of respon-
dents consider it as very or rather important (Fig 4). Animal protection is considered as
important by the highest share of participants (93.7%), followed by environmental protection
(84.1%), location of the farm in the region (78.3%) and climate protection (78.0%).

3.4 Perceptions of sustainability dimensions on small and large farms

Sustainability dimensions (ecologic, animal welfare, social and economic) are perceived to be
fulfilled differently depending on farm size.

Fig 5 shows how participants believe that different attributes related to ecology are fulfilled
on small and large farms or independent of farm size. All aspects related to good ecology are
perceived to be (rather) fulfilled on small farms. More than 80% of the sample believes that
only/rather small farms are connected with nature, nearly 70% believe that only/rather small
farms protect biodiversity and conserve nature. Also, more than half of the sample thinks that
organic farms are (rather) small farms but around 30% consider organic farming not related to
farm size. Around 40% also believe that environmental and climate protection is not depend-
ing on farm size, whereas nearly 60% trust that small farms have advantages. Whether farms
comply with law is perceived as being independent from farm size by more than half of the
respondents. Monoculture tend to be associated with large farms (45.4%).

The overwhelming majority of respondents perceives that animal welfare, care and esteem
for animals are better on small farms (Fig 6). Only for a few aspects, more than 20% of respon-
dents assume that this is equally met on large farms. Animal health is the aspect where the
highest share states that it is same on small and large farms (26.1%), followed by long life of
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Do you think that the following aspects are rather fulfilled on small farms, large farms or
independent of farm size?

Connectedness with nature 108 17.8 814

Good protection of biodiversity |13 30.8 63:2

Good nature conservation 31 67.9

. 64.8
Are organic farms .4 32.7

; . 60.4
Good environmental protection = 25 37.1

. . 57.7
Good climate protection =29 39.4

; 42.1
Comply with laws - 37 54.2

Too little changes of crops on land (monoculture) 22.0 326 aba

0 10 20 30 40 50 60 70 80 90 100
% of respondents

Only/rather on small farms Same on large and small farms M Only/rather on large farms

Fig 5. Perceived fulfillment of different ecological aspects on small and large farms in respondents’ opinions (n = 985).

https://doi.org/10.1371/journal.pstr.0000032.g005

animals (24.1%) and outdoor access (22.0%). But again, with high agreement, these aspects are
also seen as more likely to be met on small farms.

Product characteristics also differ between small and large farms, according to participants (Fig
7). Naturalness of products is attributed to small farms by 83.6% and only 15.6% perceive natural-
ness independent of farm size. 75.5% also think that small farm products are more expensive.
66.7% assume that only/rather products from small farms are healthy, whereas 33.3% state this to
be the same on small and large farms. This evaluation is similar for the taste of produce.

Looking at economic sustainability, large farms are perceived as advantageous (Fig 8). The
majority of participants (more than 70%) believes that only/rather large farms put profit first
and that these farms make a lot of money. Correspondingly, large farms are perceived by more
participants as well-equipped to deal with crises and to offer farmers good financial protection
compared to small farms. While half of participants believe that large farms receive many
financial subsidies, nearly 40% perceive this to be the same on small and large farms. 45.0% of
participants assume that good payment of employees is the same on small and large farms and
37.8% suspect this to be more the case on larger farms. 57.1% of respondents think that small
and large farms are both depending on world market prices, 29.3% think this holds true more
for large farms. In addition, the clear majority supposes that small farms are more likely to go
out of business soon.

3.5 Needs for regulations of farm sizes from a public point of view

Most of respondents felt that there is a need for regulations by law on animal numbers that
should be allowed to be kept in organic as well as in a conventional stables (split a, n = 486)
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Do you think that the following aspects are rather fulfilled on small farms, large
farms or independent of farm size?

Farmers care for every indivudal animal P s
Good human-animal relationship P pilS
High level of animal well-being P a8
High esteem for animals P LS|
Access to outdoors for the animals W L
Long life of animals w i
Good animal health W 42:4

0 10 20 30 40 50 60 70 80 90 100
% of respondents

m Only/rather on small farms m Same on large and small farms m Only/rather on large farms

Fig 6. Perceived fulfillment of animal welfare attributes on small and large farms in respondents’ opinions (n = 985).

https://doi.org/10.1371/journal.pstr.0000032.9g006

Do you think that the following aspects are rather fulfilled on small farms, large
farms or independent of farm size?

83.6
Products are natural 15.6
0.8
: 75.5
Products are expensive ™) 21.4
66.7
Products are healthy - 33.3
62.7
Products taste good - 36.2
0 10 20 30 40 50 60 70 80 90 100
% of respondents
m Only/rather on small farms m Same on large and small farms m Only/rather on large farms

Fig 7. Perception of product characteristics produced on small and large farms in respondents’ opinions (n = 985).

https://doi.org/10.1371/journal.pstr.0000032.9007
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Do you think that the following aspects are rather fulfilled on small farms, large
farms or independent of farm size?

N

-
~
o]
w

Profit comes first

Earna lot of money % 76.8
Are wel-equipped for crises 2 s 3.1

Good financial protection of farmers m 57.8
Ee——

Receive many financal subsidies

Good pay of employees a7y 45
Are dependent on world market prices % 57.1
Will give up farming soon m 13.8 825

0 10 20 30 40 50 60 70 80 90 100
% of respondents

m Only/rather on small farms m Same on large and small farms m Only/rather on large farms

Fig 8. Perceived fulfillment of economic aspects on small and large farms in respondents’ opinions (n = 985).

https://doi.org/10.1371/journal.pstr.0000032.9008

and on farms (split b, n = 499) (see Fig 9). There is no difference in respondents agreeing to a
need for regulations on organic compared to conventional stables (t-value = 1.91, p = 0.06) but
for farms there is a slightly higher whish for regulations on organic compared to conventional
farms (t-value = 2.46, p = 0.01).

Those participants that stated to be in favor of regulations were asked about the number of
animals per stable or farm they think should be allowed. Fig 10 shows the results per stable and

According to your opinion, should there be a regulation by law on how many animals...
...should be allowed to live together in a stable?
...a farm, i.e. a farmer should be allowed to keep?

Organic stable _ 35.3 -3.3|0.8

Conventional stable _ 34.6 - 4.6 Il.O
Organic farm _ 36.5 _ 10.4 .
Conventional farm _ 32.7 _ 11.8 .

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

M Yes, of course Ratheryes m Undecisive Ratherno m No, not at all

Fig 9. Participants’ assessment of whether there should be legal regulations on animal numbers in stables (n = 486) and on farms
(n =499) for organic and conventional animal farming.

https://doi.org/10.1371/journal.pstr.0000032.g009
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Fig 10. Participants assessment of maximum numbers of animals (percentile 0.9) that should be allowed to be kept in conventional and
organic stables by species (n = 378).
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3500
3000
2500
2000
1500
1000

500

Fig 11 per farm. Displayed are the 90-percentiles. The numbers in a poultry stable should be
limited to 1,000 animals in conventional, and 820 in organic stables. For pigs, a maximum of
300 conventional and 200 organic pigs should be allowed to live together. For cattle, the maxi-
mum number should be 200 for conventional, and 100 for organic cattle stables.

On poultry farms, a maximum of 3,000 animals for conventional, and 1,000 for organic is
perceived as adequate by 90% of respondents (Fig 11). In the case of pigs these numbers are a
maximum of 600 for conventional and 382 for organic farms, and for cattle 500 and 250 heads
per farm respectively.

3.6 Persuasion of scientific results on relationships between farm size and
animal/climate protection

Participants were finally asked to read a short text about scientific findings on farm size and
either animal protection or climate/environmental protection they were randomly assigned to.
Fig 12 shows the results for animal protection. Around one third of participants do not
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Fig 11. Participants assessment of maximum numbers of animals (percentile 0.9) that should be allowed to be kept on conventional and
organic farms by species (n = 279).

https://doi.org/10.1371/journal.pstr.0000032.g011
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Scientific results show that small and large farms do not differ in many aspects. There are no differences
in animal protection between large and small farms, i.e. that on average on small farms the animals are
not more healthy and not kept in a better environment. Decisive for the welfare of farm animals is the

stable in which the animals are kept and how well the animals are cared for.

How convincing do you think these results are? 6.3 25.1 35.6 26.7 6.3
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How much do you trust in these results? 6.3 23.8 41.8 234 4.8
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Fig 12. Participants’ conviction and trust in scientific results on animal protection in relation to farm size (n = 506).

https://doi.org/10.1371/journal.pstr.0000032.9012

perceive the scientific results that animal protection is not related to farm size as convincing,
another third is undecisive and another third is convinced. The findings for trust in scientific
results are similarly, with a higher share of partly/partly-answers.

In the case of climate and environmental protection, less people perceive the results as
(rather) not convincing (21.3%) and more people are convinced (39.8%) (Fig 13). The same
holds true for trust in the results. In the latter case nearly half of respondents (46.0%) answer
with partly/partly.

No differences between female and male participants regarding these questions could be
observed. There are further no correlations between age or education and conviction as well as
trust in scientific results neither for animal nor for climate/environmental protection.

4 Discussion

The public has, on average, a general preference for small farms [5,12,30]. This is supported by
our findings showing that a large majority prefers small over large farms with a stronger mani-
festation in women, which however, converges to the mean value of men at the end of the
questionnaire. Other studies also show that women are generally more critical of animal hus-
bandry in agriculture [36]. However, the stronger alignment in a discussion of the topic, as it
was the case during the survey, is a new result. It could indicate uncertainty in the initial assess-
ment, but requires further investigation. The clear position of preferring small over large farms
in general might be influenced by media reports surrounding agriculture. It is well known that
media coverage influences opinion formation, e.g. in cases of scientific findings such as global
warming [38] or vaccinations [39]. In case of scandals, media reporting might even influence
behavior through popularizing meat scandals which lead to lower meat consumption [40]. An
evaluation of reports about animal farming in German newspapers showed that the coverage
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Scientific results show that small and large farms do not differ in many aspects. There are no differences in
climate and environmental protection between large and small farms, i.e. that on average on small farms climate
and environmental protection is not better. Crucial for good environmental, nature and climate protection is e.g.

what is grown in the fields and how fertilizers and pesticides are used.

How convincing do you think these results are? 3.3  18.0 38.9 33.1 .
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Fig 13. Participants’ conviction and trust in scientific results on climate and environmental protection in relation to farm size (n = 479).

https://doi.org/10.1371/journal.pstr.0000032.9013

is balanced between negative and positive topics [41]. This fits with the results of a survey in
Germany [42] showing that reporting on agriculture is perceived as balanced by the public.
However, to the best of our knowledge, there is no evaluation that considers farm size in
reporting. Thus, our study is the first taking farm size systematically into account when analyz-
ing people’s perceptions of media reports. The results clearly show that when reporting is
remembered, large farms are more likely to be evoked with negative reports and small farms
with positive ones.

However, when respondents select what constitutes an ‘ideal farm’, the number of animals
per farm is of less importance compared to aspects related to animal and environmental pro-
tection or local and traditional production. These results indicate that it is mainly not farm
size per se but rather the associated husbandry systems and production methods that shape the
negative image of large farms. Indeed, all sustainability dimensions, except economic assess-
ment, are perceived to be better fulfilled on small compared to large farms, especially with
regard to animal welfare. This is in line with existing studies showing that large-scale farming
or intensive livestock production is associated with animal cruelty, stress for the animals and a
higher risk for animal diseases [7,27,31]. Large farms are perceived as primarily being profit-
oriented. This image may contribute to the perception of these farms neglecting sustainability
and the observed sympathy with small farms. It is known that, in the public’s view, profit-ori-
entation is contrasting a company's sustainable and responsible behavior [43,44]. Consumers
often perceive profit-oriented companies as less sympathetic but more competent leading to a
higher desire to buy products from large companies. However, this preference vanishes when
small companies achieve high credibility values [45]. This seems to be the case for small farms
as respondents assume small farms to comply more with existing laws. It is further known that
people prefer buying products from small farms because they wish to support (allegedly)
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disadvantaged farmers [32,33]. Furthermore, due to the perceived better level of animal health
and naturalness, products from small farms are expected to be more natural, healthier and of
better taste. A relation between the assessment of husbandry systems and a perceived better
quality of products was also found by others [46].

Summing up, small farms are perceived to be better for animal welfare, the environment
and product quality. This leads to many respondents pleading for limited herd sizes at farm
and barn level for conventional and organic production systems. The maximum number of
animals per farm rated as appropriate by the majority is thereby far below the average number
of animals per farm in Germany for pigs and especially for poultry. In 2020, the average num-
ber of animals per farm was 1,243 for fattening pigs and 71 for dairy cattle [47]. For poultry it
is known that in the year 2016 almost 80% of broilers and more than 50% of laying hens in
Germany were kept on farms with more than 50,000 animals [48]. This large gap between
actual farm sizes and farm sizes accepted by the broader public points on either people having
little knowledge about actual farm sizes and underestimating current sizes of production or
that they really feel the current sizes to be larger than what is tolerable. Based on our results,
we cannot answer this question comprehensively. However, the literature shows that even
when knowledge is low, communicating information does not automatically increase accep-
tance [49,50]. Additionally, the fact that the majority of respondents state that there should be
an upper limit of animals per farm or barn indicates that this topic is potentially conflicting.

Due to large economies of scale, farm sizes are expected to further increase [4]. This indi-
cates that agricultural policy that aims to preserve small farming structures and keeping farm
numbers stable will be expensive. The latter has just recently been recommended by the Future
Commission Agriculture of the German government [51]. In order to maintain competitive-
ness of these farms, economic disadvantages on small farms would need to be compensated.
Although participants in our study acknowledge differences in economic efficiency between
different farm sizes, it remains open from this study whether real costs of subsidizing small
farms and keeping farm numbers stable, are known and supported by the public.

However, next to economic advantages, larger farms might also increase sustainability
through ecologies of scale, e.g., by a more efficient use of resources, i.e. the application of new
technologies that are often not economical on small farms [15]. Moreover, there is no clear
correlation between farm size and animal welfare or environmental protection. Production
systems and management as well as farmers personality and attitudes are better indicators
[29]. Thus, a return to small-scale agriculture or strict limitation of farm sizes are neither feasi-
ble nor desirable.

This issue might challenge public communications both for scientists as well as for the sec-
tor. Especially as our findings have shown that people have very heterogeneous attitudes
towards scientific findings that disentangle farm size from sustainability. The conclusion that
can be drawn from this: there is a group of about 21-32% that cannot be convinced by scien-
tific argumentation, at least as it was conducted in this study. One explanation can be moti-
vated reasoning in which peoples’ preferences affect their beliefs. This is grounded in that
evidence is frequently evaluated dependently on existing preferences and beliefs [50]. In our
case such motivated reasoning might have happened when judging the scientific evidence we
presented. This makes especially sense when considering that the preferences for small farms
seem to be quite stable as they did not change in the course of the survey for most participants.
With regard to animal welfare, it seems to be even more difficult to detach society from the
‘small is beautiful’-perception. For small farms or farms with small herd sizes these results
offer the opportunity to highlight farm size when selling their product.

Further, it should be remembered that in the past the strong focus on economic outcome
and high specialization in animal farming led to a series of animal welfare problems [52],
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which now have to be improved. In society this may be strongly associated with large scale
farming. Future sustainable farming systems will very likely involve large farms due to their
advantages in being more specialized with high levels of knowledge as well as economies of
scale. This makes it likely that such farms are more prone to adapting new technologies that
enhance sustainability of animal farming, including animal welfare. This development is con-
trasting widely hold public perceptions of small farms being per se advantageous and might
challenge social acceptance of future animal farming systems on large scales, although with
improved animal welfare levels. This should encourage particularly larger farms to demon-
strate their corporate social responsibility through a stronger commitment to animal welfare,
and to further communicate these efforts publicly.
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