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Abstract

There is a growing interest in collective contracts to address agri-environmental policy goals at land-
scape scales. Yet, little is known about farmers’ general willingness to cooperate. \We developed four
treatments of a linear public goods game to investigate farmers’ willingness to cooperate: (1) hetero-
geneous endowments, (2) leading-by-example, (3) social norms, and (4) pinpointing the socially optimal
solution. Based on a sample of 358 German farmers, we find that contributions reach more than two-
thirds of the initial endowment across different treatments on average. Nudging the socially optimal
solution is the most effective treatment. In addition to the experiment, we elicited incentivized predic-
tions on experimental outcomes from 212 experts. Expert beliefs on treatment effects appear to be
calibrated on laboratory studies, highlighting the need to conduct, communicate, and discuss experi-
mental studies outside the laboratory. Young female academics with an Economics background most
accurately predict farmers’ behaviour in the experiment.

Keywords: Artefactual field experiment, Common Agricultural Policy, Methodology, Experimental Economics

JEL codes: C93, D91, Q18

1. Introduction

The European Union’s Common Agricultural Policy is frequently criticized for its low en-
vironmental effectiveness. In spite of large tax-funded payments to farmers, environmental
public goods are underprovided in agricultural landscapes (Pe’er et al. 2017; Hasler et al.
2022). Targeting and coordinating policy measures remain a major policy challenge. Under
the so-called Dutch model, farmers exclusively receive second pillar support from the Com-
mon Agricultural Policy’s agri-environmental schemes under collective contracts (cf. Bouma
et al. 2020). Approximately fourty regionally organized environmental farmer collectives
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are currently active in the Netherlands. Advantages of organizing environmental manage-
ment in collectives may include improved coordination of land management at larger scales
for habitat protection and related biodiversity conservation or the rewetting of peatlands.
Lower administrative costs (as only one formal contract is needed) and greater flexibility (as
farmers may set aside no land, whereas others may set aside a lot of land to reach a certain
target at larger scales) are additional benefits of collective contracts.

In spite of international interest in the Dutch model or experiences with collective el-
ements in farmland nature conservation in Switzerland (Huber et al. 2021; Krimer and
Waitzold 2018), little is known about farmers’ basic propensity to cooperate. This is im-
portant, because—unlike in the Netherlands—collective contracts must co-exist and com-
pete with individual contracts in other EU member states. The German Scientific Advi-
sory Board on Agricultural Policy, Food, and Consumer Health Protection recommended
that Germany should ‘improve the institutional prerequisites for collectively organised agri-
environment-climate protection. (1) Examine the extent to which elements of the Dutch sys-
tem of collective nature conservation arrangements could also be applicable in Germany;
(2) Improve the institutional prerequisites for the implementation of collective models of en-
vironmental and climate action; (3) In pilot projects in the current finance period, support
the grouping of relevant local actors into ‘biodiversity-generating communities” (Latacz-
Lohmann ez al. 2019). In the current debate on Common Agricultural Policy reforms,
Germany was reminded by the commission to offer greater support for collective contract
models.

The scientific literature has dealt with collective and agri-environmental contracts exten-
sively (see Kuhfuss et al. 2019 for an overview of the literature and Prager 2022 for an
overview of diverse cases). Research, based on social-ecological models has emphasized the
importance of spatial coordination among farms to address environmental goals more effec-
tively (Nguyen et al. 2022). For example, it could be important to reduce habitat fragmen-
tation for achieving biodiversity targets (Parkhurst ef al. 2002). The shape of the landscape
also impacts conservation costs and hence farmers’ decisions to enrol their land in nature
conservation schemes (Huber ez al. 2021). There is a growing awareness of these complex
drivers of farmers’ behaviour and a call for more policy-oriented experimental research
on farming practices (Colen et al. 2016; Dessart et al. 2019; Lefebvre et al. 2021). Thus,
recent research has adopted behavioural and experimental approaches to provide causal
evidence on the individual drivers of farmers’ adoption of environmentally friendly prac-
tices (Kuhfuss et al. 2016; Thomas et al. 2019; Villamayor-Tomas et al. 2019, 2021; Dessart
et al. 2021). While these studies focus on individual behaviour or preferences, studies in-
vestigating coordination and strategic interaction with a landscape connectivity perspective
mostly rely on students (e.g. Banerjee et al. 2014; Bouma e# al. 20205 Kuhfuss ez al. 2022).
Although agricultural students are frequently used as subjects in behavioural experiments
to proxy for farmers’ behaviour, comparisons of farmers and agricultural students show
that these subject pools can differ in important behavioural outcomes (Griiner et al. 2022;
Maart-Noelck and MufShoff 2014). We augment this research by conducting an artefactual
field experiment (Harrison & List 2004) with farmers.

For an effective transfer of research results into the policy process, eliciting expert views
and predictions is useful for several reasons (DellaVigna et al. 2019). Benchmarking beliefs
can increase the acceptance of null results. Regular and accurate predictions may also fill-
in for in data-scarce settings. Predictions can inform study designs (DellaVigna and Pope
2018b; Milkman et al. 2022) and be effective in eliciting ex-ante beliefs on a research topic,
ideally leading to an update in beliefs of policy-makers or other experts (Vivalt and Coville,
2020). Whereas predictions have so far focused on abstract laboratory experiments or large-
scale randomized controlled trials (DellaVigna and Pope 2018a,b; Milkman et al. 2022),
there is only one other study predicting the behavior of farmers in an experiment (Schaak
et al. 2022).
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It is the first objective of this paper to investigate German farmers’ willingness to coop-
erate, using public goods games. It is the second objective of this paper to study deviations
from farmers’ behaviour and experts’ predictions of this behaviour. To address these objec-
tives, in parallel to the experiment, we ran a survey asking researchers and practitioners to
predict the outcomes of the public goods game in Germany. By addressing the first objec-
tive, we provide an ex-ante policy evaluation of farmers’ general propensity to cooperate, an
important pre-requisite for the successful implementation of collective agri-environmental
contract models (Latacz-Lohmann et al. 2019). Unlike, discrete choice experiments, our
approach takes into account the strategic interdependence among farmers and provides
monetary incentives for decisions. On the downside, the public goods games involve ab-
stract decision-making, and participating farmers do not directly interact with each other
in real life, limiting the realism of the task. With the second objective, we investigate how
well policy and economic experts’ beliefs are aligned with actual behaviour of farmer stake-
holders. This allows us to assess possible biases which may directly shape the debate and
policy outcomes via the science-policy interface.

The paper is organised as follows. We start by providing a short overview of the public
goods game and the treatments we developed in the workshop. We also outline the expert
prediction survey. We then present and discuss the results.

2. Methodology and experimental design

2.1 The public goods game

The public goods game was developed to study free-riding behaviour and collective action
problems (Isaac et al. 1984). The game has quickly developed into a workhorse of Exper-
imental Economics to study human cooperation. In the simplest version of the game, n
players must allocate an initial endowment e between a private and a group account. All
contributions x to the group account are multiplied by a constant a, satisfying 1 < a < n.
Contributions are then distributed in equal parts to all players. Participant i’s profit 7r; in a
simple one-shot linear voluntary contribution mechanism public goods game is then defined
as follows:

a (S5 % +n)
T = . +e —x;, (1)

where x; and x; denote the contributions of #—1 players j and player i to the public good,
and ¢; is the endowment of player i. In this simple setting, with full information, profit
maximization, and no preferences over the outcomes of others or the overall distribution of
outcomes (i.e. so-called standard preferences), the Nash equilibrium is to contribute zero for
all players, because players internalise only the fraction a/n < 1 of their own contribution.
This Nash equilibrium is at odds with the social optimum where all players contribute their
entire endowment, which results from the condition that @ > 1. Typical one-shot laboratory
experiments match four or five players and use a constant of a = 2, that is, contributions
to the group account are doubled. Fig. 1 displays the steps of the BASELINE version of
the public goods game used in our experiment. Each participant is endowed with 50 Euro
and, in this example, contributes 25 Euro to the group account. After the contributions are
doubled, each player receives an equal share, leaving everyone with 75 Euro in the end.

2.2 Considered treatments and workshops

From a vast body of literature—encompassing hundreds of laboratory studies (see Ledyard
1995 and Zelmer 2003 for an early review and a meta-analysis)—, a few common pat-
terns emerge. In a simple one-shot game, participants typically contribute about half of
their initial endowment, that is, they do not play the Nash equilibrium. In repeated games,
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Figure 1. Example of steps and outcomes in the public goods game (Source: own design; icon from
flaticon.com by freepik).

cooperation (defined as contributions to the group account) decreases over time. Notably,
if participants are re-matched with different participants, even after experiencing such de-
cay, they proceed with high initial contributions upon a restart of the game. One reason for
this behaviour may be that in repeated interaction, people can be broadly categorised in
three groups with similar behavioural patterns: ‘free-riders” who contribute little or noth-
ing, ‘conditional co-operators’ who reciprocate the behaviour of others, and ‘altruists” who
contribute independently of others (Fischbacher ez al. 2001).

We developed the experiments jointly with stakeholders from a long list of treatments
commonly applied in laboratory experiments. This list was inspired by the laboratory lit-
erature, particularly a review article and a meta-analysis (Ledyard 1995; Zelmer 2003).
The final treatments were the outcomes of a workshop held on 23 January 2020 in Berlin,
which lasted approximately three and a half hours. We took advantage of the ‘International
Green Week’—a major fair and event of the agricultural and food sector—that ensured ac-
cess to a wide range of stakeholders. For details on the workshop organization and related
experiments in other EU member states, see Rommel et al. (2021).

With the help of a facilitator, workshop participants started to discuss the role of collec-
tive contracts in the overall agri-environmental policy architecture at regional, federal, and
EU levels. The main part of the workshop was dedicated to discussing the treatments of the
public goods game (which as a group exercise was also played with all participants).! Par-
ticipants went through a list of treatments, voiced their opinions, and suggested additional
treatments. Finally, an anonymous vote was casted after the discussion. In total, seventeen
treatments were discussed (see supplementary material for an overview of the workshop
material).

From the discussion and voting, it became clear that understanding norms (highlighting
that others have contributed substantial amounts in similar studies), nudging the social
optimum (It is in everyone’s best interest to contribute everything to the group account.’),
heterogeneous endowments and leading-by-example were the most favoured treatments.
For the exact wording of the treatments, see the English and German versions of the final
survey instrument.

2.3 Experimental design, farmer sample, and participant characteristics

The BASELINE version of the experiment consisted of a four player one shot linear volun-
tary contribution mechanism public goods game (with# =4,a =2, e = 50 Euro). Four treat-
ments were applied between subjects, namely HETEROGENEITY, LEADING, NORMS,
and OPTIMUM. In BASELINE, participants were endowed with fifty, Euros which they
could allocate between the group and private account. In HETEROGENEITY, participants
had to decide how much they would contribute if they were endowed with either twenty-
five or seventy-five Euro. Note that participants were asked to respond to both of these
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conditions. The LEADING treatment requested participants to indicate their contribution
(from an initial endowment of fifty Euro) if they were the first to decide in a group of four
players (the ‘leader’). Participants were also asked to indicate their contributions after one
person had already decided (as a ‘follower’).

In the HETEROGENEITY and LEADING treatments, we took inspiration from the so-
called strategy method, often applied to experiments with sequential games (e.g. the ulti-
matum game). In the strategy method, experimental subjects take on all possible roles of
a sequential game with a finite strategy space. Brandts and Charness (2000) did not find a
difference between the ‘hot’ and ‘cold’ versions of an experiment. That is, behaviour did not
differ when players assumed only one of two roles compared to when they were deciding in
both roles of a sequential game in a finite strategy space. In the LEADING treatment, to limit
the strategy space, we asked for conditional contributions in ten intervals with increments
of five Euro, that is, participants had to indicate their contributions as followers for ten
intervals of leader contributions, namely zero-five Euro, five-ten Euro, ..., fourty-five-fifty
Euro.

The NORMS treatment adds a statement to the BASELINE treatment that points out
that participants in similar studies have contributed large amounts to the group account.
The OPTIMUM treatment adds a statement to the BASELINE treatment emphasising that
it would be in the best interest of everyone to contribute everything to the group account,
that is, the social optimum.

Due to the ongoing SARS-CoV-2 pandemic and the limited availability of farmers, we
could not match participants in real life or online in real-time. Hence, we decided for a
high-stakes one-shot game with ex-post matching for a payment of selected participants in
an online survey format (see Sattler et al. 2022 for a discussion of the involved trade-offs).
The survey was conducted from December 2020 to February 2021 in collaboration with
an experienced German market research company specialized in farming and agriculture
(https://www.agri-experts.de/). Farmers were recruited from a panel of approximately 1,000
farmer participants and through online ads in specialized farmer magazines. We aimed for
a sample size of at least 70 participants per treatment (which was based on expedite power
calculations with simplified assumptions which was part of a simplified pre-registration
protocol?® for the analysis).

No strict filters were applied to achieve a sufficiently large sample size. Participating farm-
ers had to be involved in the management of a farm in Germany. Every tenth farmer received
a payment based on the decisions in the public goods game (cf. Charness et al. 2016). The
initial endowment had an expected value of five Euro and was comparable to similar studies
such as Bouma et al. 2020. This is a large incentive for a survey, which lasted approximately
10 to 15 minutes on average. The research team calculated the incentives and shared anony-
mous ID numbers with the survey company, which then matched the data with personal
information available only to the company. The survey company administered payments
through bank transfers. Informed consent was obtained at the beginning of the survey in-
strument. No deception was used in the study.

The presented scenario introduced participants to the context of the study (“The aim of
this survey is to better understand the conditions under which farmers cooperate in agri-
environmental measures.’), but we refrained from inducing more context into the scenarios
and used abstract instructions with monetary amounts throughout to achieve salience and
dominance (Smith 1976). Hence, our experiment can be classified as an artefactual field
experiment (Harrison and List 2004).

2.4 Prediction survey

Predictions of research results can help the research community to establish a baseline of
prior beliefs on a subject area (DellaVigna et al. 2019). Predictions of research results are
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also useful for ‘improving the interpretation of research results, mitigating bias against null
results, and improving predictive accuracy and experimental design’ (ibid, p. 428). We de-
signed a survey in which we invited academics and practitioners to predict the outcomes of
the public goods game with farmers.

The prediction survey was conducted online between January and March 2021. Respon-
dents were recruited through various channels including research networks, email-mailing
lists, and social media. In addition, various experts (e.g. at DG AGRI of the European
Commission) were explicitly contacted to distribute the survey in their networks. The survey
was also hosted on the social science prediction platform (https://socialscienceprediction.
org/), a publicly accessible website to promote prediction studies.

The prediction survey consisted of three sections. In the first section, respondents were
introduced to the topic, gave their consent to data protection and received a general ex-
planation of public goods games. In the second section, respondents received explanations
on the specific public goods games, including descriptions of the sample and all treatments,
following the recommendations from the social science prediction platform. While the ex-
planations were kept short, respondents could attain additional information and examples
by clicking on various links that opened PDF files in German and English, containing graph-
ical illustrations and explanatory text. After the explanations, respondents were asked to
predict the average contribution to the group account for each of the described treatments,
followed by a question on how certain they were about their answers. The section concluded
with a ranking question, where respondents were asked to rank the variance of the individ-
ual contributions for each treatment. The final block included socio-demographic questions
and asked respondents to assess their knowledge. As the sample consisted of experts, we
asked about their area of expertise, their educational background, which field they work in,
and how they assess their knowledge on public goods games and agricultural policies in the
European Union.

The survey was incentivised, and incentives were common knowledge. For every started
100 respondents with a valid email address, we randomly drew one respondent to receive
compensation based on the accuracy of the prediction. Selected respondents received 300
Euros minus three times the deviation of a randomly selected prediction (picked from the five
treatments they were asked to predict). At the end of the questionnaire, respondents had the
option to enter their email address to be eligible to participate in the lottery and win a prize
and a field to enter comments and suggestions. As we received more than 200 (but less than
300) responses, we contacted three randomly selected participants, all of whom accepted
the payment. The prediction part of the study was mentioned in the pre-registration, but no
specific analysis was pre-registered for this part.

3. Results
3.1 Sample description and treatment effects

In total, 358 farmers completed the full questionnaire, and their responses were used for
analysis. Summary statistics for farm and respondent characteristics are provided in Table 1.

If we compare the sample to the latest available statistics for the German farm population
from 2016 (European Commission 2022), it becomes clear that our sample is biased towards
larger farms and young male farm holders: The average utilized agricultural area per farm
in Germany was 60.2 ha at the time (compared to 177 ha in our sample), the share of
female farm holders was 10.2 per cent (compared to 6 per cent in our sample), and the
share of farmers below 35 years was only 7.4 per cent (compared to 30.5 per cent in our
data). Regarding risk attitudes, the average response to the risk attitude question of Dohmen
et al. (2011) is close to a recent sample of farmers from the federal state of Hesse (=5.43
in Labajova et al. 2022 vs. 5.75 in our sample), but farmers in our sample are slightly
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Table 1. Summary statistics for farmer participants in the public goods game experiment.

Median Mean SD Min Max

=1 of female 0.00 0.06 0.23 0 1

Age in years 44.00 43.69 13.26 19 77

Farm size in hectares 87.00 176.97 339.35 0 2800

= 1 if yearly income 50 to 100 thousand 0.00 0.41 0.49 0 1
Euro

=1 if yearly income above 100 thousand 0.00 0.15 0.36 0 1
Euro

=1 if farmers has ongoing cooperation in 0.00 0.09 0.29 0 1
environmental management

Risk attitude on 11-point scale (Dohmen 6.00 5.75 1.97 0 10
etal 2011)

I enjoy working with other farmers. (1 = 5.00 5.02 1.45 1 7
completely disagree, 7 = completely agree)

Achieving environmental goals in agriculture 5.00 5.00 1.68 1 7

requires greater cooperation among
farmers. (1 = completely disagree, 7 =
completely agree)
Cooperation with other farmers is generally 4.00 3.98 1.57 1 7
difficult. (1 = completely disagree, 7 =
completely agree)
I frequently exchange ideas with other 6.00 5.49 1.41 1 7
farmers on agricultural topics. (1 =
completely disagree, 7 = completely agree)

Source: Own calculations.

Table 2. Summary statistics on contributions in percent of the initial endowment by treatments.

Number of

observations Mean Std. Dev. Median Minimum Maximum
BASELINE 72 69.56  25.56 60 0 100
HETEROGENEITY 71 65.21 22.93 70 0 100
NORMS 72 66 29.85 70 0 100
OPTIMUM 72 81.28 2491 95 2 100
LEADING 71 62.65 20.24 65.42 2.33 100
Pooled data across all treatments 358 68.97  25.65 70 0 100

Source: own calculations.

more risk-seeking than the general population (see Labajova et al. 2022 for more data and
discussion on this).

Table 2 displays summary statistics for contributions to the group account in per cent
of the initial endowment. The last row presents the aggregate numbers pooled across all
treatments. For the BASELINE, NORMS, and OPTIMUM treatments, contributions were
directly taken from participants’ responses. For HETEROGENEITY, we calculated the av-
erage per person for the high and low endowment conditions. For the LEADING treatment,
a weighted average was calculated as follows: one quarter of the average was based on the
leader contribution of a participant; three quarters were based on the followers’ contribu-
tions conditioned on the distribution of leaders’ contributions depending on the selected
interval.

Formal testing across all treatments revealed that at least one of the treatment distribu-
tions is different from at least one other distribution (Kruskal-Wallis test; x = 28.37 with
four degrees of freedom; P < 0.01). Pairwise tests did not show evidence of differences
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Figure 2. Average followers' contributions by Leaders’ Contributions (Source: own calculations).

at P < 0.05 for any of the treatment combinations, with the only exception of the OP-
TIMUM treatment which was statistically significantly different from all other treatments
(Two-sample Wilcoxon rank-sum (Mann—-Whitney) tests; all P < 0.01).

Cooperation levels are high. Farmers contributed more than two-thirds of their endow-
ment on average—a number that is typically around 50 per cent in laboratory studies
(Zelmer 2003). In the HETEROGENEITY treatment, farmers contributed relatively more
when they had low endowments (Mean = 17.56 Euro; SD = 20 Euro; equivalent to ap-
proximately 70.3 per cent of the total endowment on average), whereas contributions were
smaller in relative terms in the high endowment condition (Mean = 47.65; SD = 18.34;
equivalent to approximately 63.5 per cent of the total endowment on average). The distri-
butions are statistically significantly different from each other (Wilcoxon signed-rank test,
within subjects; z = —2.145; P < 0.05). This pattern was also found in laboratory studies
(Cherry et al. 2005; Martinangeli and Martinsson 2020).

Fig. 2 displays the average contributions of followers for each of the possible leader con-
tributions in the LEADING treatment, starting from zero-five Euro up to the highest cate-
gory of fourty-five—fifty Euro. A flat line would indicate that followers ignore what leaders
do by not conditioning their contributions on the leader’s contributions. A proportionate
increase starting at zero would indicate that followers exactly match leaders’ contributions
to the group account (a slope of one). A steeper increase (a slope greater than one) would
mean that followers disproportionally reward high leader contributions (i.e. contributions
increase relative to the leader with increasing leader contributions), a slope smaller than
one (but greater than zero) indicates that contributions decrease relative to the leader with
increasing leader contributions.

Leaders contributed 32.32 Euro on average (median = 30; SD = 13.77). The distribution
of leader contributions is not statistically different from the BASELINE treatment. Note
that the slope in Fig. 2 is below one, but contributions started at a high level. In the lowest
category, followers match contributions by a factor of approximately six if we compare it
to the mid-point of the category of 2.50 Euro. As leaders’ contributions increase, followers
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reduce this relative contribution, arriving at a factor of approximately 0.8 in the highest
category.

We performed Wilcoxon matched-pairs signed-rank tests for all nine possible combina-
tions of neighbouring contribution categories: Contributions in the zero—five Euro category
are compared to the five-ten Euro category; contributions in the five—ten Euro category
are compared to the ten—fifteen Euro category, and so forth. All nine tests showed large z-
statistics (above 4) and yielded a very low P-value (<0.01) for the null hypothesis of equal
distributions, that is, we cannot accept the null hypothesis of followers’ contributions being
independent of the leader’s contribution. However, the empirical confidence intervals within
each of the categories are very wide due to the high number of contributions of 0 per cent
and 100 per cent, which results from the limited distribution of the dependent variable.

3.2 Exploring heterogeneity in contributions

In order to adjust for socio-demographics and to explore sources of heterogeneity in con-
tributions, Table 3 presents three linear regressions.> Model (1) only includes indicators for
the treatment; model (2) adds gender, age, farm size, and income category dummy variables,
as well as an indicator of ongoing cooperation with organizations in the field of environ-
mental management; model (3) adds risk attitudes (based on the 11-point scale by Dohmen
et al. 2011) and other attitudes that shall proxy for the general willingness to cooperate
with others and the specific interest in environmental cooperation. Note again that these
regressions were not part of the pre-registration protocol.

One can see that the treatment effect estimates are relatively robust to the adjustment for
co-variates. Among the co-variates, risk attitudes, as well as attitudes towards cooperation
with other farmers in general and attitudes towards environmental cooperation have large
and statistically significant effects. Notably, observables for which we detected biases of
the sample in relation to the farm population (farm size, age, gender) do not have large or
statistically significant impacts on cooperation levels.

In model (3), a one-point increase on the scale by Dohmen ez al. (2011) towards a greater
willingness to take risks leads to a 1.7 percentage point decrease in contributions. Moving
up one point on the scale of agreement with the statement: ‘Achieving environmental goals
in agriculture requires greater cooperation among farmers.” even increases contributions by
approximately 3.9 percentage points; whereas scepticism towards cooperation with others
farmers (‘Cooperation with other farmers is generally difficult.’) lowers contributions by
approximately 1.7 percentage points per one category movement along the scale. Overall,
these results indicate a fair degree of external validity, since attitudinal statements related to
the farming context appear to have a fairly large impact on behaviour in the public goods
game.

3.3 Expert predictions

We received 1,060 completed predictions from 212 experts. Some respondents dropped out
after the predictions, and there are a few missing variables, explaining the lower number
of observations in some of the regression models presented below. A large share of respon-
dents (23 per cent) opened a link distributed through the popular google mailing list of the
Economic Science Association, the largest academic network of experimental economists.
Twenty-five respondents (=12 per cent) opened the survey from the link distributed within
the Contracts2.0 research project.

Table 4 provides an overview of participant characteristics. It displays age in years and
the share of female respondents. We also asked respondents to self-assess their knowl-
edge based on statements regarding the EU’s Common Agricultural Policy (KNOWLEDGE
EU CAP), agri-environmental schemes and policy (KNOWLEDGE AES), Economics
(KNOWLEDGE ECONOMICS), the public goods game (KNOWLEDGE PGG), and
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Table 3. Coefficient estimates on relative contributions (percentage of initial endowment) to the group account
in the public goods game.

(1) (2) ()

HETEROGENEITY —4.34 —4.58 -3.55
(4.17) (4.25) (4.14)
NORMS -3.56 —4.72 -5.12
(4.15) (4.21) (4.12)
OPTIMUM 11.727" 13.097"" 13.74™"
(4.15) (4.32) (4.22)
LEADING —6.90" —6.97 —5.53
(4.17) (4.29) (4.22)
=1 of female —0.68 —0.74
(6.26) (6.08)
Age in years 0.13 0.11
(0.10) (0.10)
Farm size in hectares —0.01 —0.01
(0.00) (0.00)
= 1 if yearly income 50 to 100 thousand Euro 4.12 4.17
(2.98) (2.90)
= 1 if yearly income above 100 thousand Euro 3.57 3.97
(4.00) (3.90)
= 1 if farmers has ongoing cooperation in 8.69" 5.36
environmental management (4.91) (4.78)
Risk attitude on 11-point scale (Dohmen et al. -1.70""
2011) (0.70)
Included statements on cooperation (1 = completely disagree, 7 = completely agree)
I enjoy working with other farmers. —0.38
(1.20)
Achieving environmental goals in agriculture 3.88"""
requires greater cooperation among farmers. (0.86)
Cooperation with other farmers is generally —1.67"
difficult. (0.92)
I frequently exchange ideas with other farmers on —0.38
agricultural topics. (1.15)
Constant 69.56""" 61.66""" 63.27°""
(2.94) (5.81) (9.85)
N 358 338 333
R? 0.066 0.096 0.179
F 6.20 3.49 4.60
Adj. R? 0.06 0.07 0.14

Standard errors in parentheses; number of observations varies due to list-wise exclusion for missing values.

P <0.10,” P <0.05,”" P <0.01.

agriculture (KNOWLEDGE AGRICULTURE) on a scale from strongly disagree (1) to
strongly agree (7). The majority of respondents were working in academia (78 per cent).
A background in Economics (60 per cent) was most common among respondents. The av-
erage age was 36. Given the large share of economists in the sample, good knowledge of the
public goods game and Economics should not come as a surprise.

Across all treatments, respondents are more pessimistic regarding farmers’ contributions
on average. They predict farmers to contribute 38 per cent of their initial endowment
in the BASELINE condition, which is only approximately half of farmers’ actual contri-
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Table 4. Summary statistics participants prediction survey.

1

Variable Name Obs. Mean Median Std.dev. Min Max
AGE (years) 201 36.21 34 9.51 21 73
FEMALE (1= female) 209 0.36 0 n/a 0 1
KNOWLEDGE EU CAP (1 = low; 7 = high) 212 3.84 4 1.97 1 7
KNOWLEDGE AES (1 = low; 7 = high) 211 4.46 N 1.78 1 7
KNOWLEDGE ECONOMICS (1 = low; 7 = high) 211 5.49 6 1.37 1 7
KNOWLEDGE PGG (1 = low; 7 = high) 211 4.91 N 1.64 1 7
KNOWLEDGE AGRICULTURE (1 = low; 7 = high) 211 4.18 N 1.79 1 7
Source: own calculations.
Table 5. Regression results on predictive accuracy.
Variable OLS
HETEROGENEITY 0.184
(1.001)
LEADING —11.383***
(1.067)
NORMS —15.673%**
(1.030)
OPTIMUM —10.939%***
(1.184)
KNOWLEDGE EU CAP —0.224
(0.613)
KNOWLEDGE AES —0.549
(0.832)
KNOWLEDGE ECONOMICS 1.306%
(0.705)
KNOWLEDGE PGG —1.321%
(0.625)
KNOWLEDGE AGRICULTURE 0.463
(0.809)
AGE —0.264%**
(0.078)
FEMALE —2.719*%
(1.494)
ECON ACADEMIA —1.861
(1.870)
Constant (BASELINE) 34.507%**
(1.626)
Observations 980
R? 0.201
Adjusted R? 0.191
F Statistic 20.209""" (df = 12; 967)
Note: Standard errors (clustered for respondents) in parentheses; *P < 0.1, **P< 0.05, ***P<0.01; Source: own

calculations.

bution (cf. Table 2). In comparison to the BASELINE predictions, experts are most pes-
simistic regarding the HETEROGENEITY treatment (34 per cent) and more optimistic
for the LEADING (50 per cent), NORMS (55 per cent), and OPTIMUM (64 per cent)
treatments. Deviations of these predictions are the largest for the BASELINE and HET-
EROGENEITY treatments (approximately 33 percentage points). For the other three treat-
ments, deviations are smaller (see Table 5 for details). To further illustrate that experts
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Figure 3. Distributions and box plots of relative contributions of farmers vs. expert predictions by treatments
(Source: own calculations).

substantially underestimate farmers’ cooperation levels, Fig. 3 overlaps smoothened distri-
butions and box plots of actual contributions (orange) and expert predictions (green).

Table 5 presents results from a pooled linear ordinary least regression (OLS) with the
absolute deviation in percentage points between the actual and predicted average treatment
contribution as the dependent variable.* For instance, if the average farmer participant in
the public goods contributed 80 per cent of her initial endowment and the expert predicted
this average to be 55 per cent, this number would be 25 per cent. This has the advantage that
the estimated coefficient of an independent variable in a linear model predicts the impact
of a unit change in this variable to the predictive accuracy in percentage point deviation.
For example, if the coefficient of FEMALE was estimated to be —3, it would mean that
predictions of participants who identified as female are 3 percentage points more accurate
than the reference category on average.

Note that these are the pooled data of all five predictions per person (standard errors
are clustered per respondent to account for correlated errors of the five predictions per
person). All independent variables are mean-centred (but not standardized) to allow for an
easier interpretation for the average respondent.’ Treatment dummies use BASELINE as the
reference category, which under mean-centred covariates shows the deviation of percentage
points from the prediction in the constant term of the model (which is the baseline accuracy).
Due to the large number of economists and academics in the sample, we did not include these
variables to avoid poor balance. However, we included a combined variable of academic
economists that represents approximately half of the sample.

The parameters of the treatment variables other than BASELINE show the effect of the
treatment on prediction accuracy (i.e. participants are off by approximately 34.5 percent-
age points on average). The effects are large and statistically significant for LEADING,
NORMS, and OPTIMUM. For these three treatments, respondents predict 11.38, 15.67,
and 10.94 percentage points more accurately, respectively. Among the knowledge parame-
ters, knowledge of Economics and knowledge of the public goods game show larger effects.
A one step increase in self-assessed Economics knowledge (recall that this was a seven-point
scale) decreases accuracy by approximately 1.3 percentage points. In contrast, knowledge
of the public goods game increases accuracy by approximately the same magnitude. Hence,
moving from the lowest to the highest category for this question increases accuracy by ap-
proximately eight percentage points (6 x 1.3 = 7.8). There are larger effects for being an
academic economist, female, and age. The model shows high R? and adjusted R? values,
and a large and statistically significant F-statistic.

€202 J8qWIBAON € UO Jasn JajisisAlunsyniqiue] sebusag Aq 0Sy 2 /299/cz00e0b/g/g/81o1nle/uadob/woo dno olwapeoe)/:sdjy Wol) papeojuMo(]



German farmers’ cooperation 13

4. Discussion

Famers’ contributions to the public good in our experiment substantially exceeded the
50 per cent of the initial endowment typically found in laboratory studies. This happened
in spite of the anonymous online format that could have further boosted selfish behaviour.
The directions of treatment effects were not always in the expected direction. Typically,
laboratory studies find negative effects of endowment heterogeneity and positive effects of
leading-by-example treatments (e.g. Levati et al. 2007). We did not find statistically signif-
icant effects for these two treatments, albeit there was a drop in contributions of approxi-
mately four percentage points for the heterogeneity treatment.

To our surprise, the leading-by-example treatment also showed negative average effects.
However, this effect was largely driven by the flat slope of the conditioned contributions
of followers (see Fig. 2), that is, other things being equal, leading-by-example would be an
effective cooperation-enhancing treatment if baseline contributions are small. In the het-
erogeneity treatment, farmers also contributed relatively more when they had low endow-
ments. Against our expectations, highlighting high contributions of others (the social norm
treatment) also showed negative effects, but this behaviour is consistent with the leading-
by-example and heterogeneity treatments in the sense that large contributions of others lead
people to decrease their relative contributions.

The only treatment that led to substantial and statistically significant increases in con-
tributions was to emphasise the social optimum. Although one should not be tempted to
jump to bold agricultural policy conclusions from the rather abstract setting of an online
experiment with farmers, communicating joint benefits, that is, the gains from cooperation,
might be a good strategy when setting up collective contracts.

Fine-tuning experimental designs and choosing a context that ensures high comprehen-
sion and meaningful results in experiments with farmers is not an easy task (Meraner et al.
2018). In this context, it is a good sign that behaviour in the game was correlated with
real-world behaviours and attitudes. As the regression results showed, engagement in envi-
ronmental cooperation with organizations and positive attitudes towards cooperation with
other farmers increased contributions to the group account in the game. A concern fre-
quently raised in the design workshops of the game treatments was parallelism, that is, the
link between game results and real-world behaviour. While one option is to frame the task in
a familiar context (e.g. Rommel ez al. 2019), another option is to link rewards more saliently
with actions in experiments. For instance, Carlsson et al. (2015) funded the construction of
a bridge in a Vietnamese village with contributions from a public goods game with par-
ticipants from the same village. In Miiller (2020), contributions to the group account were
used for joint investments of machinery circles cooperative organisations in rural Tajikistan,
whereas Dessart et al. (2021) used a donation to an environmental organization to enhance
parallelism in a study on environmentally-friendly farming practices among farmers in three
EU member states. Future research may explore such options to delve deeper into the im-
portant question of parallelism in economic experiments with real-world decision-makers.

Our experiment involved delayed payments and an ex-post random matching of partic-
ipants. While these conditions may not be ideal, and we used them only because of the
ongoing SARS-CoV-2 pandemic, they also allowed us to gather a relatively large sample of
farmers. Finding 358 farmers for participation in real-time experiments would have been
very challenging. On the other hand, the asynchronous matching limited our abilities to
study the evolution of cooperation over time. We can also not rule out that the anonymous
matching affected results relative to a real-time interaction. Methodological tests of such
‘strategy version’ elements in experiments and greater insights on the impact of delayed
payments in experiments with farmers would be an important route for future research.

Elicited expert predictions were substantially more pessimistic regarding farmers’ cooper-
ation levels when compared to the actual behaviour in the game. Experts were also generally

€202 J8qWIBAON € UO Jasn JajisisAlunsyniqiue] sebusag Aq 0Sy 2 /299/cz00e0b/g/g/81o1nle/uadob/woo dno olwapeoe)/:sdjy Wol) papeojuMo(]



14 Rommel et al.

more in line with the literature from experimental laboratory studies, where contributions
reach approximately half of the endowment in a simple game (Zelmer 2003). Hence, pre-
dictions were not very accurate, albeit there were larger differences between treatments.
Adjusting for the baseline, experts were far off with their average predictions of the base-
line and heterogeneity treatment effect, as indicated by the large constant and small co-
efficient for HETEROGENEITY in Table 5. For all other treatments, expert predictions
improved by more than ten percentage points on average (relative to the baseline). Our
models could be extended by taking into account the variation in predictions or by dis-
tinguishing between overly optimistic and overly pessimistic predictions (as suggested in
Schaak et al. 2022).

5. Policy implications and concluding remarks

The effective design and implementation of collective agri-environmental contracts is a chal-
lenging task. While the basic propensity of farmers to cooperate with each other is a nec-
essary condition for setting up such contracts, it is not a sufficient condition. Important
details and the complexity of a specific context can lead to failure of collective models even
when the willingness to cooperate is large (Prager 2022). While it is a weakness of the ab-
stract experimental approach not to acknowledge these real-world complexities, there are
also important strengths. Experiments allow us to isolate small fragments of the real world
and to manipulate and study them under controlled conditions. Here, we have seen that
German farmers are more likely to cooperate when being reminded of the gains from co-
operation. By comparing groups of participants, we can also gain important insights about
heterogeneity in behaviour. In our study, participating farmers were substantially more likely
to cooperate than students in laboratory experiments. Farmers with positive attitudes to-
wards environmental cooperation were also more likely to cooperate. Policy-makers should
communicate objectives and potentials of new approaches to farmers before implementing
novel policies, taking into account such attitudes and behavioural barriers which play a role
across a wider range of contexts (Meijer et al. 2015). In this sense, our results are evidence
against an important barrier of collective contracts—the perceived lack in the willingness
of farmers to cooperate with each other. Other methods such as social-ecologic modelling
and case studies can complement our experiment, pick up on the results, and take them
further by taking into account wider social and environmental contexts. Along these lines,
one might investigate how cooperation differs under and interacts with varying biophysical
conditions in peatlands or protected areas, taking into account additional farm and farmer
characteristics.

Our study has shown that experts are overly pessimistic regarding farmers’ willingness
to cooperate. This scepticism is mirrored in the German agricultural policy debate (Latacz-
Lohmann et al. 2019; Feindt et al. 2020). We need an increased willingness to test new
approaches to break path dependencies. Living lab approaches could be a useful step in
this direction (McPhee et al. 2021). Not all experts are alike. Women who indicated good
knowledge about the public goods game performed better. Sector-specific knowledge on
agriculture, the common agricultural policy, or agri-environmental schemes did not sub-
stantially improve predictions, whereas a sound understanding of public goods games char-
acterized experts with more accurate predictions. Whether or not these features of experts
are important in other contexts remains to be seen, because the prediction of research re-
sults is still new to the agricultural economics field (Schaak et al. 2022). It would be in-
structive to follow up on how experts would update beliefs after confrontation with the
evidence (cf. Vivalt & Coville 2020). According to our results, more optimism and open-
ness regarding novel collective approaches to agri-environmental policy in Germany is
pertinent.
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End Notes

1 Among the discussed treatments, manipulations in group size were one option. For instance, farmers
could be paired in groups of four or groups of eight players. Manipulations in the marginal per capita
return—the fraction of the public good internalised as a private benefit when contributing—were also
discussed. This could mean that instead of doubling contributions to the group account (a = 2), one
could use smaller (e.g. a = 1.5) or larger (e.g. a = 3) multiplication factors. The public good provision
could be risky. We discussed options in which the public good would only be provided with a cer-
tain probability. We discussed two reward scenarios. Participants could issue a reward to other players
conditioned on their behaviour. There was a costly and a non-costly option. We also discussed sanc-
tioning/punishment scenarios. A heterogeneous endowments treatment was discussed, meaning that
farmers could either be part of a high or low endowment group. The leading-by-example treatment
involved sequential decisions. A leader first decides what to contribute, and followers then condition
their contributions on what the leader did. We considered different versions of a threshold public goods
game, i.e. the public good is only provided if a threshold is reached. Finally, we also considered various
psychological stimuli treatments that would reframe the meaning of the game. Social norms could be
studied by providing information that others have contributed large amounts in previous experiments.
The social optimum or the individual optimum/Nash equilibrium could be emphasized. The game could
be presented in a gain or loss frame.

2 See https://aspredicted.org/PKN_ABL for the pre-registration. We only pre-registered basic analysis in
the form of non-parametric tests for group and pairwise comparisons. All other analysis should be
considered explorative.

3 Formally, the models are defined as follows: Y = a + bT + ¢X + €, where Y is the contribution to the
public good in percentage points, T is a set of dummies indicating the four treatments (BASELINE is
the reference category), X are the farmer characteristics and attitudes, b and ¢ are parameter vectors to
be estimated, a is a constant term to be estimated, and € is an independently and identically distributed
error term.

4 More formally, we estimate a model of the form Y = a + bT + ¢X + €, where Y is the absolute
deviation in percentage points, T is a set of dummies indicating the (to-be-predicted) treatments, X are
the covariates of the experts, as indicated in Table 4, b and ¢ are parameter vectors to be estimated, a
is a constant term to be estimated, and € is an independently and identically distributed error term (we
cluster standard errors at the level of the respondent to enhance independence, as predictions are likely
correlated within the expert).

5 Formally, for any independent variable x from Table 4 we use x—x (instead of just x), where X is the
arithmetic mean of variable x. Note that this is different from standardizing coefficients (which would
also imply dividing this difference by the standard deviation) and which would result in standardized
coefficient estimates. The sole reason for this procedure is to impose an average of zero on all inde-
pendent variables, so that the constant becomes the average of the dependent variable, and hence the
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BASELINE deviation between the prediction and the real average in percentage points. Not doing this
calculation would only change the estimate for the constant, but coefficient estimates on covariates
would be exactly the same.
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