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In brief

Transitioning agricultural systems
requires understanding farmers’
motivations for implementing sustainable
agriculture. By using meta-analysis
models, we quantified the importance of
motivational factors for adoption of
sustainable agriculture in Europe. Results
indicate that the current focus of the
European Union’s Common Agricultural
Policy (CAP) on economic incentives
alone will likely lead to limited
sustainability improvements. Instead
targeting a mix of farmers’ socio-
psychological factors is essential.
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SCIENCE FOR SOCIETY Global agricultural systems are currently failing to both ensure food security and
contribute to environmental sustainability. Agricultural practices play a crucial role in achieving sustainabil-
ity targets, yet we lack generalizable knowledge on why farmers apply sustainable practices. Understand-
ing farmers’ motivations for adoption is crucial for transformations of agricultural systems. Here, we present
a quantitative assessment of all available articles on farmers’ motivational factors forimplementing sustain-
able agricultural practices across Europe. Our results indicate that attitude, intention, and perceived use-
fulness were most important for practice adoption, while economic outcomes and environmental aware-
ness were of less importance. This underlines that economic incentives alone might lead to limited
sustainability improvements. Instead, policies that target a mix of socio-psychological factors may be
more effective in transitioning toward sustainable agricultural systems.

SUMMARY

Agricultural systems support societies in various ways but also cause substantial sustainability challenges.
Sustainable agricultural practices are key to achieving sustainability targets, yet we lack generalizable knowl-
edge on why farmers apply such practices. Here, we quantified the relationship between farmers’ adoption of
sustainable agricultural practices and their underlying motivational factors. Based on a systematic review, we
meta-analyzed 14 motivational factors from 225 studies reporting 522 effect sizes, representing 327,778
farmers from 23 European countries. We found (1) substantially stronger positive effects for general attitude,
intention and perceived usefulness compared with economic outcomes and environmental awareness, (2)
dissonance between intention and actual behavior, and (3) geographic, thematic, and effort-effect bias in
literature. Stimulating the adoption of sustainable agricultural practices hence requires reconsidering the
currently strong emphasis on economic factors in favor of a wider set of motivational factors, especially
by addressing socio-psychological factors via transparency, communication, and training.

INTRODUCTION

Agriculture is continuing to change our natural ecosystems and
degrade the environment at unprecedented rates.' As one of
the key drivers of global environmental change, agriculture is
responsible for a substantial share of global carbon emissions,”
leads to massive losses of biodiversity,>® and degrades land,
soil, and freshwater systems.”” Current agricultural production
is likely to fall short of sufficiently addressing future food insecu-

rity, and with a growing world population and increasing meat
and dairy consumption, pressures will rise further, threatening
resilience of socio-ecological systems.®® Global agricultural
systems hence need to undergo a substantial transformation
to move toward more sustainable states.'*"""

Sustainable agricultural practices offer a solution, as their uptake
can protect the environment and biodiversity and enhance food se-
curity.’”~'® On a local scale, farmers can implement sustainable
farming practices such as adapted cropping, conservation tillage,
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integrated pest management, irrigation systems, reduction of fertil-
izers, and data-based farming, which benefit the environment and
increase or maintain productivity.'”'® Thus, understanding why
and how farmers decide to implement sustainable agricultural
practices is essential to design policies supporting the adoption
of these practices, to reduce further impacts on the environment,
and hence for the transformation toward sustainable agricul-
ture.?%2" Although industry groups and policymakers are aware
that farmers need support to implement sustainable agricultural
practices, coherent long-term strategies have yet to be developed
to support sustainable agriculture at scale.?

Reasons why farmers adopt sustainable practices are mani-
fold and often context-specific.”® Yet, several practical factors
affecting farmers’ adoption of sustainable agriculture, where fac-
tors are observable and can be directly measured, are well docu-
mented in the scientific literature: farmer characteristics (e.g.,
age and education), physical conditions (e.g., farm size and
farm type), financial capital (e.g., income and labor), and natural
conditions (e.g., location and soil quality). In contrast, motiva-
tional factors, defined as cognitive and affective factors underly-
ing behavior,?* are studied less. Apart from a few studies that
demonstrated the influence of farmers’ socio-psychological fac-
tors such as attitudes and social norms on decision-making,?> >’
the majority of studies neglect farmers’ motivational factors to
explain adoption of sustainable agricultural practices.”®

Current reviews and meta-analyses investigating motivational
factors and farmers’ adoption behavior use vote-count
methods,?*?®" qualitatively summarize motivations®®**=** and
incentive types, '® or focus only on environmental attitudes,*® tech-
nologies®® and the methodological application of the Theory of
Planned Behavior.?” Vote counting is problematic in meta-ana-
lyses, asitleads to statistically biased and often misleading results,
which can lead to wrong conclusions regarding the overall
outcome across studies.®” Qualitative summaries often lack ob-
jectivity and standardized approaches to summarize research
findings and do not provide estimates of effect sizes and their un-
certainty, which affects the comparability across studies and the
reliable identification of patterns and relationships. Focusing solely
on incentives (often aimed at economic benefits) may neglect that
other factors can influence adoption. This also holds true for
studies focusing on sub-categories of farmer motivations or prac-
tice types. Moreover, the relationship between study effort and ef-
fect size of motivational factors behind practice adoption is un-
clear, with potential discrepancies indicating inefficient allocation
of effort and capital. Overall, these individual shortcomings lead
to an incomplete understanding of the broad suite of motivational
factors influencing the adoption behavior of sustainable practices,
impeding effective and targeted policy making. Thus, a rigorous
quantitative synthesis of farmers’ motivations to adopt sustainable
agricultural practices is currently lacking.

It is, however, possible to analyze motivational factors in rela-
tion to human behavioral change, as shown in a recent global
meta-analysis of human adaptation behavior of climate
change.’® In such analyses, it is important to distinguish be-
tween the intent to implement changes and the actual behavior
(for instance done by Lu et al.?), because perceptions of out-
comes can both influence behavior and be influenced by
behavior,?® and discrepancies between intended and actual
behavior (i.e., the intention-behavior gap®’) can affect the
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assessment of the impacts related to adoption. Complementing
existing analysis, we focus on adoption behavior (intention and
actual adoption), applied to the agricultural system, with a
geographic focus on Europe. Europe represents an interesting
region to study adoption behavior, as its agricultural system is
experiencing a multitude of challenges calling for a fundamental
sustainability transition.”® The region has a long agricultural his-
tory resulting in a variety of landscapes and farming systems,
and years of intensification and land abandonment have caused
various environmental and socio-economic challenges.*' ™ The
European Union’s (EU) CAP aims to address these challenges,
although at present payments are unequally distributed and
the CAP is failing its environmental objectives.’"*° Despite
various schemes that support farmers to implement agri-envi-
ronmental measures, farmers’ uptake of sustainable practices
is low. Several studies argue that the current rationale for agri-
environmental policy adoption is dominantly economic and a
deeper, more nuanced, understanding of farmer decision-mak-
ing is required for better policy design.?®*"***" This is also re-
flected by the dominance of economic outcomes as incentives
or constraints for adopting sustainable practices in both policy
(CAP) and literature, thereby largely omitting the environmental
psychology literature. Knowledge of European farmers’ motiva-
tional factors thus benefits effectiveness of policy programmes
such as the CAP (reform), as well as the EU’s Green Deal,
Farm to Fork Strategy, and the Biodiversity Strategy, additionally
giving an example for other world regions and informing on pol-
icy uptake of, for instance, climate change adaptation measures.

Here we assess the relationship between motivational factors
and farmers’ adoption behavior of sustainable agricultural prac-
tices in Europe. To do so, we gathered all literature evidence on
farmer adoption behavior available for the period 1998 to 2020,
and assessed the relationship between farmers’ adoption
behavior and 14 motivational factors (Table 1) by using three-level
meta-analysis models. Therefore, we relied on standard theoret-
ical approaches for farmer adoption behavior (e.g., Theory of
Planned Behavior) that correspond to broader environmental
psychology. Furthermore, we investigated whether certain mod-
erators (e.g., effect of actual behavior and intended behavior) ex-
erted influence on the strength of the relationships. Last, we
compared research effort to the effect sizes of individual motiva-
tional factors to identify under- and over-researched domains.
Specifically, we aimed to (1) identify the most researched sustain-
able agricultural practices for farmers’ motivational studies in Eu-
rope, (2) determine the most influential motivational factors for
farmers’ adoption behavior, (3) examine the impact of modera-
tors such as type of behavior and type of practice on the strength
of their relationships, and (4) evaluate the alignment between
research effort and the importance of farmers’ motivational fac-
tors for the adoption of sustainable agriculture. We found stron-
ger positive effects for general attitude, intention, and perceived
usefulness compared with economic outcomes and environ-
mental awareness, a dissonance between intention and actual
behavior, and a geographic, thematic, and effort-effect bias in
literature. Stimulating the adoption of sustainable agricultural
practices hence requires reconsidering the currently strong
emphasis on economic factors in favor of a wider set of motiva-
tional factors, especially by addressing socio-psychological fac-
tors via transparency, communication, and training.
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Table 1. Farmers’ motivational factors for adoption of
sustainable agricultural practices

Motivational factor Description

General attitude  Attitude toward adoption behavior: positive
or negative evaluation about adoption of

sustainable agricultural practice

Intention Intention to adopt sustainable agricultural

practice

Subjective norm Perception of whether others are engaging in
adoption of sustainable agriculture, and
whether adoption behavior will be approved

or disapproved by others

Perceived Perception of ability to adopt sustainable
behavioral agricultural practice

control

Perceived Perception of usefulness and benefits of
usefulness adoption of sustainable agricultural practice
Ease of use Perception of ease or difficulty of adoption of

sustainable agricultural practice

Environmental Attitude toward environment: positive or

attitude negative evaluation about the (degrading)
environment, agricultural system,
climate change

Awareness Awareness and knowledge about the human

environment impact on (degrading) environment, agricultural

system, climate change
Environmental
outcome

Perception about environmental outcome:
expected positive or negative environmental
consequence of adoption of sustainable
agricultural practice

Negative affect Concern, worry or fear toward (degrading)
environment, agricultural system,

climate change

Economic Perception about economic outcome: expected

outcome positive or negative economic consequence of
adoption of sustainable agricultural practice

Openness Open or innovative attitude or personality

Risk Perceived risks of adoption of sustainable
agricultural practice, also includes attitude
toward risk

Experience Experience with sustainable agricultural

practice and adoption behavior

Motivational factors are defined based on included studies, descriptions
aligned to descriptions in the literature and behavioral frameworks (see
also van Valkengoed et al.*®; Table S1 for more detail on definitions
and operationalization of factors).

RESULTS

Systematic search results

The systematic search resulted in a total of 13,747 unique articles
of which we included 148 publications (see experimental proced-
ures for exclusion criteria and Figure S1 for the Preferred Reporting
ltems for Systematic Reviews and Meta-Analyses [PRISMA]
diagram). The publications included 225 studies with a total of
327,778 farmers from 23 European countries. A study was charac-
terized based on geographic location (country, province, town the
study was conducted in), type of behavior (intention or adoption),
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type of practice, and farmer group (i.e., one publication can contain
multiple studies see Table S2). A total of 522 individual observa-
tions of motivational factors (effect sizes) were obtained from the
studies for further use in the meta-analyses. Motivational factors
were first identified by a bottom-up approach (based on earlier re-
views of farmer decision-making and human adaptation behavior,
e.g., Dessart et al.?° and van Valkengoed & Steg®?), and subse-
quently categorized following behavioral frameworks, models
and theoretical definitions (see Steg and Viek’® and section
“systematic search and inclusion/exclusion criteria” for details).

Characteristics of studies on farmer motivations
Motivational factors for adoption of sustainable agricultural prac-
tices were predominantly studied in Western and Southern Eu-
rope, with Germany, United Kingdom, Netherlands, and Italy
each covering more than 10% of studies (Figure 1A). In contrast,
Portugal, Norway, and Central and Eastern European countries
are each studied less than five times. In particular, countries in
Southeastern Europe are rarely studied (no studies, except
Greece). Agri-environmental measures (i.e., practices related to
CAP agri-environmental and climate measures) are dominantly
studied, followed by adapted technologies, and adapted cropping
practices (Figure 1B). Technologies are mainly studied in North-
western Europe. Ecosystem practices are studied throughout
Europe, although predominantly in Western and Southern
European countries.

Effect sizes motivational factors

All meta-analyses found a significant effect of motivational fac-
tors on adoption behavior (Figure 2 and Table S3). Our models
showed that general attitude, intention, perceived usefulness,
ease of use, negative affect, and perceived behavioral control
are the strongest predictors of farmers’ adoption of sustainable
agricultural practices (summary effect size r > 0.30; Figure 2). We
found moderate effects for experience and subjective norm (r =
0.20-0.30), while environmental outcome, openness, environ-
mental attitude, risk, economic outcome, and environmental
awareness had weak relationships with adoption behavior
(r < 0.20). Perceived usefulness, ease of use, negative affect,
and perceived behavioral control show substantial variability,
whereas all other motivational factors showed smaller disper-
sion. Experience, subjective norm, environmental awareness,
and economic outcome showed less variability.

Our moderator analysis showed that correlations differed de-
pending on the type of behavior: intended and actual behavior (Fig-
ure 3 and Table S4). For eight motivational factors, actual behavior
shows a smaller effect size than intention. In contrast, negative
affect, experience, environmental outcome, environmental atti-
tude, and risk show higher and significant effects for actual
behavior compared with intention. For almost all factors, intended
behavior had a higher effect, however not statistically significantly
different from the reference category (Table S4). Only one model
(negative affect) showed a significant difference between both
intention and actual behavior. This indicates a potential overesti-
mation of effects of motivational factors on the actual adoption
of sustainable practices. Our second moderator analysis showed
that correlations were rarely statistically significantly different de-
pending on the type of sustainable practice, likely because of too
few studies in the respective subgroups (Table S5).
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Figure 1. Overview of geographic and thematic characteristics of motivational studies for adopting sustainable agricultural practices in

Europe

(A) Circle diagrams represent types of practices studied per country (technology, ecosystem, and socioeconomic). Map shows total number of studies per country.
(B) Bar graphs shows types and frequency of sustainable agricultural practices in Europe. We used the conceptual framework of sustainable intensification by

Weltin et al."® to group our studies into types of practices.

Study effort and importance

We found that the motivational factors, awareness environment
and economic outcome, had high overall study efforts compared
with their relatively low effect size (Figure 4). Decomposed by the
type of sustainable practice, economic outcomes and perceived
usefulness are factors that are extensively studied in relation to
technologies, each with more than 10% of all observations
(Table S6). Experience and subjective norm had the highest study
effort (>60 observations) for all types of sustainable practices, with
moderate importance (effect size: 0.20-0.30). In contrast, less re-
searched motivational factors such as negative affect, general atti-
tude, ease of use, and intention (15-40 observations) are under-
studied compared with their respective importance (effect size:
0.30-0.50). Moreover, these factors are underrepresented for all
types of sustainable practices (<10% of total observations).

DISCUSSION

Sustainable agriculture plays a crucial role in achieving sustainabil-
ity targets and transitioning global agricultural systems, yet we lack
generalizable knowledge on why farmers apply these practices. In
this study, we identified motivational factors influencing farmers’
adoption behavior, which, based on our meta-analyses, resulted
in three key findings. First, we found a strong imbalance in the pub-
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lished articles regarding geographic focus (mostly on Western and
Southern Europe) and thematic focus (mostly on agri-environ-
mental measures). Second, all motivational factors had a signifi-
cant effect on the adoption of sustainable agricultural practices;
however, we found substantial differences in strength of the effect
between motivations, with, for example, general attitude, intention,
and perceived usefulness having stronger positive effects
compared with perceived economic outcomes and environmental
awareness. In addition, we detected a mismatch between
research effort in relation to factor effects (most effort on factors
with intermediate effects). Third, we found different effects be-
tween type of behavior and motivational factors. Actual behavior
showed lower effect sizes as compared with intended behavior,
implying that the effect of motivational factors on adoption might
be overestimated by studies focusing on behavioral intention.

Imbalance of geographic and thematic focus

The studies included in our sample showed a geographic focus
on Western and Southern Europe. This imbalance has also been
observed in studies on landscape change drivers*®*° and land
use decision-making,®" in which mainly Eastern and Central Eu-
ropean countries are underrepresented. Previous narrative re-
views on farmer decision-making also identify the dominance
of Western European case studies,****°? potentially explained
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Figure 2. Mean summary effect sizes for 14 motivational factors of adoption behavior of sustainable agricultural practices
Effect sizes are expressed as Pearson r, error bars represent 95% confidence intervals (Cls). Pink boxes show individual observations per factor (studies can
contribute multiple times per meta-analysis). Blue circles show studies and their size represents the number of farmers per study. See also Table S3.

by the late accession of the Eastern European member states to
the EU.%® CAP agri-environmental measures are dominant in our
sample (also detected by Bartkowski and Bartke®®), which could
be an explanation. This geographic focus makes it difficult to
generalize the results beyond Western and Southern Europe.
The importance of voluntary schemes to the implementation of
agri-environmental measures in the European CAP might explain
the strong thematic focus on agri-environmental measures (25%
of studies). Another reason for a geographic imbalance could be
our selection of publications in the English language, which mis-
ses publications in languages other than English (e.g., local case
studies published in the countries’ official language).

Importance of motivational factors
We found a positive significant effect of all motivational factors
on adoption behavior. Our ranking of factors according to their

importance in explaining farmers’ adoption behavior is largely
in line with the literature. Although heavily understudied, we
find the strongest relationships with constructs of socio-psycho-
logical models, which confirms the significance of behavioral
frameworks.®*> Our results compare favorably to a global
meta-analysis on motivations for climate change adaptation
behavior®* and a scoping review that emphasizes the role of
perceived benefits for the farm."® For example, Belgian farmers
who had a positive attitude toward reducing pesticide use®® and
German farmers who perceived grazing practices as useful and
easy’’ showed higher adoption behavior. In Serbia, farmers’
positive attitudes determined the adoption of integrated pest
management.®® Moreover, subjective norms were influential as
people with close relationship to farmers approving of agrofor-
estry increased adoption of that practice for Swiss farmers,*®
while in the Netherlands mitigation measures were implemented
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Figure 3. Moderator analysis for type of behavior per motivational factor
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more when farmers detected the use by other farmers.®® As ex-
pected, farmers’ attitudes toward sustainable agricultural prac-
tices and the perceived social norms were important predictors
of their adoption.

We do, however, detect that essential psychological con-
structs explaining pro-environmental behavior (e.g., value-
belief-norm theory [Stern et al.®"]) are hardly studied: negative
affect (negative emotions toward environmental problems),
ascription of responsibility (feeling of responsibility for environ-
mental consequences), personal norms (moral obligation), and
self-focused emotions (emotions people feel in response to envi-
ronmental behavior).** Our moderator analysis confirms the
importance of factors that capture emotional involvement,®” as
negative affect had a high correlation with the actual adoption
of sustainable practices (Figure 3). For instance, in Romania®
and the United Kingdom,®* farmers who are concerned and
worried about the environment were more likely to change to-
ward organic farming.

The smallest effects were found for environmental knowledge
and economic motivational factors, which leads to two key impli-
cations. First, despite a scientific focus on farmer knowledge and

6 One Earth 6, 1-13, December 15, 2023

awareness (40 observations in our analysis), we found that in
practice environmental knowledge was a weak predictor for
the adoption of sustainable agricultural practices. This result
aligns with other reviews of pro-environmental behavior®® and
adaptation.”* Despite this weak effect, environmental con-
sciousness and pro-environmental behavior are generally prom-
inent factors mentioned in discussion around farmers’ adoption
of sustainable agriculture.>**° In fact, in the broader literature
ignorance is seen as a key barrier to human climate change miti-
gation.®® It is important to note that 80% of our studies measured
motivational factors, such as environmental knowledge, in isola-
tion or as direct predictors (a phenomenon also detected by Sok
et al.?”), and hence relations between motivational factors are
unknown. Environmental awareness could in fact be related to
general attitudes or other mediating factors such as environ-
mental outcome and environmental attitudes.®> Meta-analysis
estimating effect sizes across studies using the same variable
either in a direct or indirect way is imperfect, but there are few al-
ternatives to this approach. Structural equation models offer po-
tential to explicitly model the dependencies between factors,*®
yet this was not possible for our analysis due to inapt input
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data. Therefore, it is essential to include the interconnectedness
with other motivational factors in future primary studies assess-
ing farmers’ adoption behavior, and not solely focus on factors
(such as environmental awareness) in isolation.

Second, economic outcomes is one of the most frequently
mentioned incentives or constraints for the implementation of
sustainable agriculture in both policy (CAP) and litera-
ture.'>21:233% Farmer adoption literature is dominated by eco-
nomic theory,?’** where farmers are seen as rational agents
following utility maximization model.®” As an illustration, a recent
review'® counted the number of studies that measure short-term
economic benefits and, based on that analysis, concluded that
short-term economic benefits were important. If our review em-
ployed the same vote counting method, we would have arrived at
the same conclusion (as it is studied a lot). However, our empir-
ical evidence showed that the effect size for economic benefits
was relatively low, in particular for actual adoption (Figure 3),
and was therefore less important for farmers’ adoption behavior.
Another explanation for the difference is that Pifieiro et al.’® ad-
dressed incentive-based programs (i.e., interventions), for which
they find that market and non-market incentives had a higher
adoption rate compared with those providing ecological ser-
vices, especially for those incentives targeting environmental
outcomes and profitability. In contrast, our study addresses
farmers’ perceived economic outcomes as motivation to adopt
a sustainable practice. This difference is noteworthy, as it sug-
gests that incentives (that clearly outline economic benefits)
have the capacity to influence farmers’ decision-making, while
the anticipation of such effects has a considerably lower impact.

Yet, this finding does not imply that economic perceptions are
not of importance. Factors such as perceived usefulness and
ease of use (self-efficacy) are closely related to economic per-
ceptions, as is perceived behavioral control.®® Moreover, atti-
tudes are shaped by behavioral beliefs, of which economic be-

experience
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Figure 4. Comparison between the impor-
tance of motivational factors for farmers’
adoption behavior of sustainable practices
in relation to study effort

liefs can be an important part. For
example, ltalian farmers who perceived
the implementation of precision farming
as useful did that because of perceptions
of economic suitability.%° Irish farmers
were more likely to adopt grassland man-
agement practices when they perceived
lower resource constraints in terms of
costs and labor.”® One explanation for
the low effect size of perceived economic
outcomes could be that practices related
to this factor are rarely economical under
current market conditions. Hence, far-
mers who adopt such practices likely do
not face economic constraints. If market
conditions were to change so that sus-
tainable farming would result in (higher)
economic benefits, the effect of this fac-
tor would potentially increase. In the end we observe that, while
acknowledging the complexity of economic motivations, only
looking at economic factors is limiting our perspective on
farmers’ adoption of sustainable agriculture.®>""

The meta-analyses detected large heterogeneity between
studies (Table S3), implying that contextual factors play a role
in the relationship between motivational factors and adoption
behavior. The variety in contexts and differences between coun-
tries, land use legacies, and for instance access to resources
such as information and agri-environmental payments, affect
the ability of farmers to implement sustainable agricultural prac-
tices; however, the data did not allow us to test for this directly.

® 0
subjective
norm

80

Intention-behavior gap

About half of the studies in our meta-analyses measure farmers’
intentions instead of actual behavior. Intention is often defined as
the most important predictor of behavior.°***”? Confirmingly,
we found a relatively strong relationship between intention and
adoption behavior (r = 0.41). However, intention does not neces-
sarily lead to the implementation of sustainable agricultural prac-
tices. In fact, psychological literature suggests that intention
leads to action for only about half of the individuals, the so-called
intention-behavior gap.”® Our moderation analysis supports this,
as we found a difference in the overall effect size if the outcome is
measured as actual behavior or intended behavior, implying that
the effects of motivational factors on the actual adoption of sus-
tainable agricultural practices might be overestimated (Figure 3).
In the context of adoption of sustainable agricultural practices,
this has been linked to the problem of (limited) action space
that farmers have, a concept related to perceived behavioral
control in TPB (Theory of Planned Behavior).°® Literature
proposes many constructs and interventions for reducing the
intention-behavior gap: e.g., aligning intentions with moral
norms,”* if-then planning and monitoring progress,”® or
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perceived self-efficacy and action-control.>*>”® This again em-
phasizes the importance of studying various motivational factors
for farmers’ adoption of sustainable agriculture to reduce the
intention-behavior gap: knowledge about farmers’ attitudes,
their perceptions of (positive) outcomes, and beliefs of the
farmers’ own capabilities to maintain sustainable agriculture.
Moreover, awareness of this gap is important for decision- and
policy-making processes because currently most studies focus
on intention or willingness (see for instance Pifieiro et al.'®; van
Valkengoed and Steg®¥). Conducting longitudinal studies that
assess both intention and actual behavior would have great po-
tential to further quantify the intention-behavior gap and to pro-
vide more detailed information about farmer motivations.®'

Methodological considerations

The quality of any meta-analysis results is limited to the data it is
based on.”® Behavioral frameworks like the Theory of Planned
Behavior tend to be inconsistently applied,e”'77 for instance not
following exact guidelines to measure socio-psychological con-
structs such as attitudes,?*>?” which can lead to biased results.”®
Specifically, one cause for potential overlap is that many studies
entered in our analyses do not clearly operationalize motivational
factors, or provide a theoretical backing for their choices, which is
especially problematic when researchers’ definitions are deter-
mined post hoc. A potential solution could have been to report
on further disaggregated factors. However, as a large share of
studies only report statistics over broader factor categories,
this is not feasible. The problem of inconsistent categorization
in meta-analyses is well-known,”® yet not easy to solve. Never-
theless, the motivational factors that might be most sensitive to
such overlap all score high on importance as compared with
many of the other factors concerned (e.g., ease of use and
perceived behavioral control have similar effect sizes, so do atti-
tude and perceived usefulness, see Figure 4). Hence, the main in-
sights remain valid even with this potential overlap.

Moreover, despite heterogeneity in the included studies and
individual issues of the studies, for instance due to sampling
and interviewer bias,”® we believe that our quantitative synthesis
offers useful insights.® The results are based on a large number
of observations, followed behavioral frameworks and the con-
structs defined by authors, applied three-level meta-analysis
models, conducted robustness checks, checked for outliers,
and tested for publication bias. Publication bias might influence
our results, as small studies with insignificant lower effect sizes
are often not published.?’ In the end, we detected publication
bias (small-study effect) only for economic outcome and experi-
ence, implying a neglectable lower summary effect size than our
results currently show.

The choice of meta-analysis methods and the way we applied
them arguably influences results as well. We acknowledge that
the coding process and the definition of motivational factors,
although fully based on seminal literature and good practice doc-
uments, is inherently subjective. A different coding scheme
executed by a different coding person(s) would likely result in a
different grouping of studies, which can arguably affect results.
Further, our definition of the search string and the restriction on
publications in English language bears the risk of omitting relevant
studies. We also highlight that the results of our moderator analysis
regarding the type of practice must be interpreted with caution as
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several subgroups contained only a small number of studies.
Studies of farmers’ behavior often happen in a niche that is sepa-
rate from the general study of pro-environmental behavior among
members of the general public. Still, their decision-making has
strong similarities with other societal groups, as farmers are influ-
enced by, for example, social norms as well. Farmers tend to
implement practices when adoption is easy and useful, and if
they perceive control over their behavior, which aligns well with re-
sults of reviews about human pro-environmental behavior.®>%¢ We
are confident that our findings regarding farmers’ behavior are
generally comparable to insights from environmental psychology.
However, while the studies we used in our analysis employ theoret-
ical concepts of farmers’ behavior based on general environmental
psychology, they often overlook, or pay less attention to, other
concepts that can explain pro-environmental behavior, such as
values, beliefs, personal norms, and emotions.**°

Policy implications
Increasing farmers’ adoption of sustainable agricultural prac-
tices requires focusing on motivations that actually influence
farmer behavior: emotional and socio-psychological factors.
Attitude was the strongest predictor of practice uptake in our
analysis. However, we caution that this result has to be inter-
preted with care, as studies assessing attitude tend to apply the-
ories (i.e., Theory of Planned Behavior and Value-Belief-Norm
Theory) inconsistently and operationalize constructs in different
ways (see Delaroche®® and Sok et al.?"). Also, attitudes are the
result of multiple behavioral beliefs, which can partly overlap.
On a practical level, these factors could be addressed through
education, training, or exchange with other farmers.*® Social net-
works such as farmer organizations, but also neighbors or other
people important to farmers, can influence perceived social
norms. Moreover, attitudes can be influenced through different
information provision interventions, such as information about
the consequences of environmental change or about the bene-
fits or costs of certain behaviors.*® For example, farmers may
perceive their production system less positively after they learn
about the environmental degradation it causes, and, because
of their changing attitude, might adopt sustainable practices in
response. Public and private extension services, as well as infor-
mation and technical assistance, provide opportunities to
enhance the rate of adoption as they influence understanding
of the practice and hence ease of use, perceived usefulness, '®
and perceived behavioral control (e.g., through self-efficacy).
Another option is participatory policy design or other forms of
farmer involvement such as collaborations between stake-
holders, as this might increase sense of ownership and steward-
ship,** thereby farmers’ feelings of responsibility for the environ-
ment, enabling adoption of sustainable agriculture. However,
despite being more influential on farmers’ adoption behavior,
emotional and socio-psychological factors remain difficult to
address, especially for farmers with an established mindset
and work style.® Yet, there might be a window of opportunity
with generational change in farm ownership, as intergenerational
knowledge transfer can spur the development of sustainability
and because young farmers are more likely to implement sus-
tainable practices.®>8%84

Our results have clear policy relevance, as they can inform the
upcoming reform of the EU CAP in 2027, as well as related
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strategies (such as Farm2Fork), and suggest reconsidering the
currently strong emphasis on economic factors to influence
farmers’ decision-making. Instead, policies could focus on
transparency, farmer engagement, education, training, and
communication to stimulate the adoption of sustainable agricul-
tural practices on farms in Europe. We must note that the bias in
the geographic spread of studies impedes the application of our
findings to the entirety of Europe. This is especially true for
farmer realities in Eastern Europe that are not well represented
in the existing body of literature and hence potentially in policy
making, which calls for increased research efforts in currently
understudied regions. However, as farming systems in Western
Europe are among the most intensively used systems in Eu-
rope®® with strong environmental externalities, the focus on
this region in the body of literature is understandable and ad-
dresses a region with strong needs for transforming its farming
systems. Although European agriculture has a specific historic
development and particular social and biophysical characteris-
tics, our results can be indicative for farmers’ adoption of sus-
tainable practices in other world regions characterized by indus-
trial and consolidated agricultural systems®® that face similar
sustainability challenges. For example, both conservation inten-
tion and action (i.e., actual behavior) could be explained by atti-
tudinal factors in the United States, while the current or previous
application of conservation practices only influenced actions,
not intentions.?®

We show, in line with existing research, that farmer adoption
behavior in Europe is more nuanced than the current predomi-
nant focus on economic rationale,”" and broader perspectives
beyond economic aspects are needed.”®” A recent study found
that European national policymakers and advisors solely
focused on rational economic considerations, leading to an
imposition of productivist policies on farmers,* despite evi-
dence that farmer behavior is influenced by a more diverse set
of factors.?® Based on this, policy making in general, and CAP
in particular, seems to address motivational factors insuffi-
ciently. Although attitudes, values, and norms are more difficult
to address than economic outcomes, it is more likely that ad-
dressing these factors would be more effective, as evidenced
by our results. Van Valkengoed et al.*® provide an overview of
behavioral determinants linked to interventions, which is useful
in targeting motivational factors to fit in local policy and cultural
context. Policies should focus less on economic outcomes and
environmental knowledge, by expanding their focus from pure
payments-based schemes*” to also consider and target socio-
psychological factors for which strong, significant effects on
farmers’ adoption behavior can be found in the literature. Effi-
ciently and effectively targeting motivational factors that posi-
tively affect farmers’ adoption behavior of sustainable practices
will hence contribute to achieving a sustainability transformation
in Europe’s agricultural system.

EXPERIMENTAL PROCEDURES

Resource availability

Lead contact

Further information and requests for resources and reagents should be
directed to and will be fulfilled by the lead contact, Rebecca Swart (rebecca.
swart@vu.nl).
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Materials availability

This study did not generate new unique materials.

Data and code availability

Meta-analysis coding sheets, input data, and r code generated during this study
have been deposited at DataverseNL under https://doi.org/10.34894/RUOI2S
and are publicly available as of the date of publication. Any additional information
required to reanalyze the data in this paper is available from the lead contact
upon request.

Meta-analysis

To address our research questions, we used meta-analysis, a statistical syn-
thesis of results from a series of studies that are collected in a systematic
way.®” We follow systematic review guidelines and PRISMA standards.®®

Systematic search and inclusion/exclusion criteria

We searched the current body of literature (July 2020) for studies that
described farmers’ adoption behavior of sustainable agricultural practices
(Figure S1 for PRISMA literature search). Search terms were selected using
a systematic method based on existing reviews on farmers’ adoption behavior
of sustainable agricultural practices.’'**°"*® We defined adoption behavior
as any actual behavior or intention to adopt sustainable agricultural practices,
e.g., the uptake of technologies or participation in agri-environmental pro-
grams. For example, “adoption,” “decision,” and “implementation” were
used as keywords (Figure S2 for full search string). We based the search terms
for sustainable agricultural practices on a recent review by Weltin et al.’® and
included all farm-level practices such as precision farming, agroforestry, le-
gumes, reduced tillage, and soil conservation.

We conducted an online literature search in the Web of Science database and
selected English publications. Calibration and validity of the search string was
done by verifying that case studies from a set of review papers also appeared
in the search results. We adjusted keywords to include articles referring to, for
instance, organic farming and sustainable agriculture, which were missing in
our initial search. We applied four criteria to filter search results and construct
the database for our analysis. First, we selected all articles that explicitly focused
on Europe. Second, we only included articles that reported on sustainable agri-
cultural practices and farmers’ adoption behavior. Third, we included only
studies that measured at least one motivational factor, which we defined based
on the studies on in our meta-analyses, earlier reviews of farmer decision-mak-
ing and human adaptation behavior,”**>*®> and behavioral frameworks and
models that were applied in the articles: Theory of Planned Behavior
(TPB),°*#° Reasoned Action Approach,”” Technology Acceptance Model
(TAM),>® Norm Activation Model,”° and for instance self-efficacy” (see Tables 1
and S1and Stegand Viek“®). Fourth, we excluded all articles that did not express
the relationship between adoption behavior and motivational factors with a sta-
tistical metric suitable for meta-analysis, i.e., mean and standard deviations in
two groups, z-tests, t tests, Spearman’s rho, Kendall’s tau, Pearson’s r, chi-
squared tests, odds ratios, standardized regression coefficients, or unstandard-
ized regression coefficients. Every step involved validation by co-authors, for
which we screened 20% of the current number of articles and compared filtered
results across assessors. Our internal validation resulted in a 95% similarity be-
tween assessors.

Eleven articles that fulfilled all criteria did not provide sufficient detail on the
statistics (e.g., missing standard deviations), and we contacted the lead au-
thors of whom only one responded and provided suitable metrics. We coded
a final selection of 148 articles that contained a total of 225 studies, represent-
ing a sample of 327,778 farmers from 23 European countries. A study was
characterized based on geographic location such as country, type of adoption
behavior (intention or adoption), type of sustainable agricultural practice, and
sample group (e.g., both an article that describes adoption of sustainable agri-
culture in Belgium and France, and an article measuring both adapted crop-
ping and flower strips, result in two studies that are coded in our analysis).
We checked the actual measurements of constructs for our coding, i.e., state-
ments and survey questions for each category (e.g., economic outcome or
environmental outcome). Publications that applied TPB or TAM, we checked
with less detail, but ensured that researchers measured constructs correctly
and followed guidelines. Motivations reported in fewer than five cases were
excluded and because of unclear study design or theoretical overlap (e.g.,
descriptive norms and injunctive norms in subjective norms) some motivations
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were merged into one category, resulting in our final list of 14 motivational fac-
tors (Table 1). Importantly, all factors related to farmer perceptions, such as
environmental outcomes, perceived usefulness, but also economic outcomes,
were measured with Likert-scale variables in the original studies. All percep-
tion-related factors assess the perception farmers have about future effects
of the adopted practice, e.g., on production, profit, or biodiversity. In total,
we used 522 effect sizes (i.e., individual observations for a motivational factor
for a study case) for the meta-analyses (see Table S2 for included studies and
original data).

Effect size calculation and meta-analyses

As there was high heterogeneity between studies, we set up a three-step pro-
cedure to make effect sizes comparable. First, if studies reported multiple ef-
fect sizes for measuring the same motivational factor (e.g., multiple variables
measuring environmental awareness or descriptive norms), we pooled effect
sizes by averaging individual effect sizes into one summary effect size.*”*"
Second, we reversed the signs of effect sizes where applicable to report solely
on positive effects (following standard methods, see van Valkengoed and
Steg®**"). For example, if a study reported high perceived difficulty and there-
fore farmers were less likely to adopt a practice, we reversed this factor. We
reversed signs to maintain our way of interpreting effect sizes consistent
and to allow the factors to work in the same causal direction. The assumed
symmetry could have affected the results; however, reversal of signs was
rarely the case (mostly for the “risk” and “ease of use” category, see original
data). Third, we converted all effect sizes to Pearson’s r to allow comparisons
between studies® (Table S7). Before conducting meta-analyses, we checked
for normal distribution of effect sizes, and afterward we ran outlier analyses
(Figure S3 and Table S8).

We ran multilevel random-effects meta-analysis models on our final data-
base (see “data and code availability”) to account for studies that contributed
more than one effect size to the meta-analysis (e.g., subgroups or multiple out-
comes).”® Meta-analysis models used inverse variance weights and restricted
maximum likelihood estimation. We ran our models for each motivational fac-
tor independently, resulting in 14 meta-analysis models. We calculated two
heterogeneity variance parameters for each model: within-cluster heterogene-
ity (heterogeneity due to differences within studies) and the between-cluster
heterogeneity (heterogeneity caused by between-study differences). To
compare performance of the models, we checked if nesting of individual effect
sizes improved our model by fitting a model in which between-cluster variance
was set to zero. Likelihood ratio tests showed that 50% of our meta-analysis
models favored a three-level model (Table S3). Nevertheless, from a theoret-
ical perspective the three-level model accounted better for the hierarchical
structure of our data (i.e., the design of the included studies), without harming
model performance and inference.

Last, we tested moderators (or subgroups) of the overall factor effect to
detect systematic differences between studies in a meta-analysis. We
analyzed the difference of the type of behavior (intended and actual behavior)
and the type of sustainable practice (technology, ecosystem, socioeconomic)
for each meta-analysis by using mixed-effect models with random effects on
the study level to explain heterogeneity patterns in our data (Tables S4 and
S5). Analyses were conducted in R (2022.02.3) using the metafor package
(version 3.4-0) and dmetar package (version 0.0.9000).

Robustness checks and publication bias
Between-study heterogeneity was further inspected by running models
without outliers and influence analyses to identify studies with high influence
on the pooled results and high contribution to overall heterogeneity
following.®” Studies were defined as statistical outliers when their 95% confi-
dence interval was outside the 95% confidence interval of the pooled effects.
We found no effect for the summary effect size of eight meta-analyses. How-
ever, we identified a neglectable influence for attitude, perceived usefulness,
ease of use, negative affect, and perceived behavioral control (lowering be-
tween-study heterogeneity, narrowing prediction intervals, and lowering effect
sizes) (Table S9). Yet, the overall results compared with the original meta-an-
alyses (including outliers) remained unchanged.

The occurrence of publication bias was assessed using Egger’s regression
test™ for every meta-analysis (Table S10). Egger’s test identified small-study
effects for the experience and economic outcome meta-analysis (the intercept
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differs significantly from zero see Table S10 and funnel plots Figure S4),
whereas the other meta-analyses did not indicate presence of funnel plot
asymmetry.

SUPPLEMENTAL INFORMATION

Supplemental information can be found online at https://doi.org/10.1016/j.
oneear.2023.10.028.
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