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Simple Summary: The husbandry conditions for farm animals are currently being discussed by 
society and should be improved. In response, some farmers are modernizing their pig housing to 
offer a higher level of animal welfare than the standard. Moreover, farmers are facing diverse 
financing and licensing problems when planning new barns. Different studies have already shown 
that monetary factors and legal requirements often impede farmers from investing in such projects. 
However, if both of these obstacles for stall construction are excluded, very little is known about the 
additional factors that influence the behavior of famers seeking to construct pig housing for 
improving farm animal welfare. Using a model based on the Theory of Planned Behavior, this study 
investigates the psychological factors underlying farmers’ intentions to construct pig housing based 
on an online survey among 424 German pig farmers. Utilizing partial least squares path modeling, 
it is shown for the first time that attitude towards behavior, subjective norm, and direct and indirect 
experience can explain more than 59.4% of pig farmers’ decisions to construct pig housing with 
higher farm animal welfare standards. Direct experience and attitude have the strongest influence, 
while perceived behavioral control does not significantly influence a farmer’s decision. These 
results, which may also be relevant for other European countries, indicate that in addition to 
licensing requirements and economic efficiency, the above-mentioned factors also influence the 
behavior related to barn construction. Farmers, politicians, and stall construction companies should 
be aware of these results. 

Abstract: Improving farm animal welfare requires modifications to the behavior of many 
stakeholders. Investments in more animal-friendly barns to improve animal welfare have already 
been made by some farmers. However, more farmers must be persuaded to modernize their barns. 
The marketing of animal-friendly products is the responsibility of retailers, and consumers have to 
purchase these products. Currently, little is known about what (and how) underlying psychological 
factors influence a farmer’s intention to construct pig housing to improve farm animal welfare. Pig 
farmers in Germany were questioned via an online questionnaire in May 2020 (n = 424). Based on 
the Theory of Planned Behavior (TPB), partial least squares path modeling was used. The constructs: 
attitude, subjective norm, direct and indirect experience associated with the construction of pig 
housing substantially influenced the farmers’ behaviors. As expected, the impact of perceived 
behavioral control on intention was negative but was also very low and only slightly significant. 
Contrary to expectations, the perceived behavioral control had no significant influence on farmers’ 
behaviors. Pig farmers who have already rebuilt their pigs’ housing should be motivated to share 
their experiences to influence their colleagues’ intentions to construct. Our results will encourage 
policy makers to consider the important role of the different psychological and intrinsic factors 
influencing pig farmers. Thus, the sustainability of pig farming can be improved by giving 
politicians a better understanding of farmers´ behaviors. 
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1. Introduction 

Twenty-five years ago, society and politics demanded two things above all from pig production 
in Germany and other European countries: international competitiveness and food safety [1]. The 
aim was to produce inexpensive and readily available and safe food, as well as to permanently 
optimize competitiveness [2,3]. However, these expectations of minimum-cost production have 
changed significantly in recent years. Farmers´ work is increasingly closely monitored and discussed 
by society, which contributes to the further development and improvement of animal husbandry. 
Farm animal welfare (FAW) is at the forefront of demands from society (and thus politics). Successful 
animal husbandry in Germany is increasingly dependent on social acceptance. At the same time, such 
husbandry must be economical for the pig farmers [2]. To achieve this, farm animal husbandry 
systems must be adapted to animal welfare, social demands, and economic efficiency. The 
implementation of higher FAW standards requires complex interventions in the construction of 
barns. Particularly in pig farming, complex changes in husbandry systems are already underway. 
Some pig housing have already been adjusted to meet the expectations of higher FAW, and many 
more will be improved in years to come. Future pig housing is not only about space, but also involves 
outdoor areas and bedding areas [3,4]. Especially in conventional pig farming, the well-being of pigs 
can be increased by, for example, bedding, enrichment materials, or outdoor climate stimuli [5–7]. 
Increasingly more pig farmers are rethinking the management of their pigs and FAW [3,8]. In the case 
of FAW, interventions [9] have to motivate the pig farmers to make changes to their own behavior 
on behalf of a third party: the pig. This is a different situation from that described in the human health 
literature. In this way, such interventions encourage people to take steps to improve their own well-
being, thereby benefiting themselves directly [9]. Farmers’ attitudes are reflected in their behaviors 
toward animals, which, in turn, affects animal welfare, behavior, and productivity [10,11]. Kauppinen 
et al. [12] examined what farmers mean when they talk about improving animal welfare. These 
definitions included providing animals with a favorable environment, such as a suitable stall. In 
addition, farmers perceived the instrumental and intrinsic evaluations of animal welfare as 
attitudinal dimensions [12]. Furthermore, in Jääskeläinen et al. [13], the majority of farmers 
considered animal welfare to affect productivity and that there are associations between farmer´ 
attitudes, animal welfare, and productivity. Actions to improve animal welfare also have an 
economic impact as they enhance pig production [13]. However, learning and opportunity costs arise 
if pig farmers need to change their housing and management systems, potentially decreasing their 
monetary benefits and thus reducing their willingness to change the relevant systems [14,15]. 
However, not only learning and opportunity costs, but also several uncertainties (such as financing, 
practical uncertainty, a lack of political decisions, legal regulations, and environmental protection in 
relation to building permits) are unsettling pig farmers. 

In 2018, according to the Food and Agriculture Organization (FAO), around 121 million tons of 
pork were produced worldwide. In terms of export volume, after China and the USA, Germany is 
the largest exporter in the world, with nearly 3.5 million tons of produced pork per year [16]. To 
produce competitively at the level of the world market, production has to adapt to the minimum 
prices in the world market. Low prices are not sufficient for pig farmers to significantly increase FAW 
in bans, and demands for higher FAW standards at zero cost are not feasible [17,18]. In addition to 
financial uncertainties, most pig farmers cannot rely on their own expertise, as they have hardly any 
experience in alternative husbandry methods [19]. Supposed FAW measures that have not been fully 
researched may also have negative consequences for FAW (e.g., pigs with long tails, group farrowing, 
and pasture pig production systems) [20–22]. In Alarcon et al. [23], other producers, especially those 
from abroad, seemed to considerably influence farmers’ decision-making. Extensive operational 
knowledge relevant for the practical implementation of higher FAW standards by conventional 
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farmers repeatedly reveals problems when changing husbandry systems, e.g., free farrowing [24]. 
Furthermore, for years, an update to the legal regulations on the minimum requirements for future 
pig husbandry in Germany has been discussed, yet there currently remains little political 
involvement in such matters. This has led to great legal uncertainty among German pig farmers 
regarding future pig farming. If the statutory regulations on the minimum requirements for future 
pig farming were amended, laws directly affecting the construction of pig housing would also have 
to be adapted [25]. In particular, conflicts of interest with environmental protection can be 
problematic when constructing pig housing aimed at FAW improvement, especially when approving 
pig housing [26]. Such obstacles include emissions into the air, soil, or groundwater [26]. Politicians 
are planning to change the administrative and judicial procedures in Germany to simplify the 
bureaucracy involved in building barns for pig farmers. In the future, agricultural businesses will 
benefit from such accelerated administrative and judicial procedures [27–29]. Pig farmers expect clear 
and long-term statements on livestock management and future legal standards from policymakers. 
In light of all these uncertainties, the construction of pig housing with increased FAW standards is 
associated with a high degree of uncertainty for pig farmers and is consequently followed by low 
acceptance. 

To date, research has focused on the socio-economic and behavioral aspects of improving animal 
welfare, but not on the construction of pig housing aimed at specifically improving FAW. The 
objective pursued by this study, therefore, is to understand the behaviors of farmers related to 
developing more animal-friendly housing systems. The aim of this study is to identify what (and 
how) underlying psychological factors influence a pig farmer’s intention to construct pig housing for 
the improvement of animal welfare, as well as the actual behavior of such farmers, using the 
conceptual framework of the Theory of Planned Behavior (TPB). In Kauppinen et al. [12], farmers’ 
intentions to improve animal welfare can best be explained by their attitudes to specific welfare-
improving measures using TPB. Germany was selected to conduct the study because it is one of the 
countries with the highest current FAW developments and focused on future improvements. 
Although our study is based on a sample of German pig farmers (see Appendix A Table A1), our 
results are also partially transferable to other countries with similar structures in the pig production 
sector. However, the legal standards differ between the various countries with high output (pigs). 
Since these minimum standards are so different, this study would have to be conducted separately 
for other countries with high outputs. Foreign analyses could, however, be based on the structure of 
our study. The identification of the relevant determinants will help us understand how more 
conventional farmers might be persuaded to construct barns with higher FAW standards. The aim of 
this study is to provide valuable insights into the mechanisms that influence German pig farmers to 
engage in stall construction. The political promotion of constructing pig housing to improve FAW 
could be based on this insightful information in the future. This means, for example, that not only 
could the construction or conversion of pig housing be a factor of influence but also internal attitudes 
towards the topic of stall construction. 

2. Conceptual Framework 

A model based on the TPB (Figure 1) was used to identify the psychological determinants of the 
decision to construct pig housing to improve FAW. The TPB assumes that the intention to act is the 
immediate determinant of behavior [30]. People, therefore, act in accordance with their behavioral 
intentions. These intentions are, in turn, determined by three influencing constructs: “attitude 
towards behavior”, “subjective norm”, and “perceived behavioral control” [31]. According to this 
theory, the stronger the intention is to engage in a behavior, the more likely the exercise of that 
behavior will be [31]. The TPB is popular for its simplicity [32–34] and is already often utilized in 
agri-economic studies analyzing farmers’ decision-making behaviors [35–37] and to study FAW [38]. 

Based on the results of previous studies, further constructs were added to the original TPB model 
to adapt the model to the research question posed in the present study. In Figure 1, all the constructs 
and hypotheses used in this study are summarized into one model. The original framework of the 
TPB, which was first introduced by Ajzen [30], was extended by including direct and indirect 
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experience. From a behaviorist perspective, Eagly and Chaiken [39] consider experience to be an 
important direct predictor of current behavior in TPB. The two constructs that were added to adjust 
the TPB model to this study are outside the highlighted TPB framework concept. The respective 
questions (items) of the constructs can be seen in Appendix A, Table A2. The questions to test the 
hypotheses were formulated based on validated items from questionnaires previously used for the 
respective constructs. 

 

Figure 1. Model used in the partial least squares (PLS) analysis according to Theory of Planned 
Behavior (TPB). ATB = attitude towards behavior, BV = behavior, DE = direct experience, IE = indirect 
experience, IN = intention, SN = subjective norm, PBC = perceived behavioral control. Source: 
Authors’ illustration. 

“Attitude towards behavior” refers to the degree to which a person has a favorable or 
unfavorable evaluation in relation to a certain behavior [31]. Individuals form their attitudes based 
on their perception of a particular subject. This perception can be based on an emotional reaction to 
the object, supported by values and beliefs, or based on knowledge and/or information [40]. Studies 
on farmers’ attitudes towards FAW programs [8,12,15,41] can be applied to the conversion or 
construction of pig housing with higher FAW standards because the conversion or construction of 
pig housing with higher FAW standards on one’s own farm is necessary to implement higher FAW 
measures and facilitate participation in animal welfare programs to react to public demands. A 
positive attitude generally increases the likelihood of performing the behavior [30]. 

Subjective norm is determined by normative beliefs of the expectations of people who are 
important to the respondents [31]. For example, do farmers believe that their colleagues or families 
expect them to construct pig housing to improve FAW and does that belief motivate the farmers to 
comply with those people [42–44]? 

The TPB, as an extension of the Theory of Reasoned Action (TRA), includes an additional 
construct called perceived behavioral control. This construct is also assumed to influence intention 
and behavior and is equivalent to the difficulty or ease perceived by the individual in performing the 
behavior. Based on validated items that have already been used in questionnaires, as well as 
corresponding literature, items for the construct of perceived behavioral control were adapted by the 
authors to the present topic. The items for perceived behavioral control were largely formulated as 
obstacles. If obstacles such as a lack of knowledge or too much effort are confirmed [38], their impact 
is considered to be negative. In TPB, the more favorable these three constructs are, the stronger an 
individual´s intention to express the analyzed behavior will be [31]. 

For the construction of pig housing to improve FAW, the intention to construct pig housing to 
improve FAW is determined firstly by the specific attitude towards pig housing aiming at such 
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improvements, secondly by the perceived expectations of the social environment, and thirdly by 
expectations of competence or control—i.e., the subjectively perceived ability to construct this pig 
housing. Based on this, three hypotheses were formulated and tested in this study: 

Hypothesis 1 (H1): the attitude towards the construction of pig housing to improve FAW 
influences the pig farmer’s intentions to construct pig housing. 

Hypothesis 2 (H2): the subjective norm influence the farmer’s intention to construct pig housing 
to improve FAW. 

Hypothesis 3 (H3): perceived behavioral control influences the farmer’s intention to construct 
pig housing to improve FAW. 

According to the original TPB framework, perceived behavioral control directly influences the 
actual adoption of a certain behavior [31]. Intention accounts for the motivation that a person has, 
while perceived behavioral control refers to the ability of a person to perform that behavior. Even 
though the intention to perform a certain behavior may be low, higher perceived behavioral control 
over a certain behavior increases the probability of performing that behavior [31]. According to Ajzen 
[30], a distinction is made between the perceived and actual control of one’s behavior. Perceived 
behavioral control captures a person’s beliefs in how easy or difficult it is to engage in a behavior. 
This relates to the perception of one’s own capabilities and available resources. Actual behavioral 
control involves external factors. If perceived behavioral control reflects actual behavioral control, it 
can have a direct effect on behavior. If pig housing with increased FAW standards is considered a 
new type of housing for most pig farmers, it can be assumed that external technical barriers will 
negatively influence the implementation of housing with increased FAW standards [38]. This line of 
argument is applicable to the introduction of pig housing construction to improve FAW. The 
following hypothesis can thus be formulated: 

Hypothesis 4 (H4): perceived behavioral control influences the farmer´s behavior to construct 
pig housing to improve FAW. 

In addition, in the basic TPB, another construct directly influences the actual performance of a 
certain behavior. Intention accounts for the motivation that a person has. A pig farmer who 
previously had low intention to carry out pig housing construction with increased FAW standards is 
less likely to carry out this behavior, even if this pig farmer has the ability to complete the construction 
[31]. Consequently, the following hypothesis is formulated: 

Hypothesis 5 (H5): the intention to construct a pig housing with improved FAW standards 
influences the farmer´s behavior to construct such a pig housing aiming at improving FAW. 

To adjust the TPB model to this study’s focus, two more constructs were added to the model: 
direct experience and indirect experience in the design and construction of pig housing with 
improved FAW standards. For Ajzen and Fishbein [45], experience is a variable external factor. Ajzen 
and Fishbein [45] assume the influence of experience within the framework of their theory but 
conceive of experience as being entirely conveyed by convictions and evaluations. To verify this, we 
examine the direct influence of experience on attitude. Here, we focus only on direct experience. De 
Lauwere et al. [38] and Garforth et al. [46] noted that experience is a particular factor in decision-
making, especially for farmers, and could thus shape farmers´ attitudes. 

Hypothesis 6 (H6): Direct experience with the construction of pig housing to improve FAW 
influences people´s attitude towards behavior. 

Bentler and Speckart [47] added past behavior (i.e., experience with behavior) as a further 
predictor for the constructs of TRA. Past behavior will influence present behavior directly and 
indirectly via intention. Ouellette and Wood [48] gave theoretical reasons for why experience with 
behavior contributes to the formation of intention. In the studies by Conner and McMillan [49], Drake 
and McCabe [50], and Banfield and McCabe [51], experience with behavior also contributed to the 
prediction of intention beyond past the TPB constructs. In our case, the complete execution of the 
target behavior, i.e., the construction of pig housing with increased FAW standards, cannot be a 
predictor for the past when the behavior was first considered. Experience with partial aspects of the 
behavior and the object—in our study pig housing to improve FAW—can be considered a predictor. 
Possibly, neither the complete execution of the behavior (multiple times) nor experience with the 
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entire behavior is necessary to become behavior-effective. However, experience with single, indirect 
aspects of the behavior (executing any construction) or its objects (colleagues’ pig housing with 
increased FAW standards) can certainly allow one to become behavior-effective. For a differentiated 
investigation, direct experience (one´s own execution of construction for increased animal welfare) is 
distinguished from indirect experience (reports from a colleague on pig housing construction with 
increased FAW standards). Direct experience likely has a stronger influence on intention than indirect 
experience. We assumed that the experiences already gained from the construction of pig housing 
would exert influence on pig farmers’ behavioral intention and actual adoption. Earlier negative or 
positive experiences can likewise negatively influence the behavioral intention to construct pig 
housing and thus actual adoption. The background for these considerations is a survey among 
farmers changing from individual to group housing for their pregnant sows [38]. 

Hypothesis 7 (H7): direct experience with the construction of pig housing for the 
improvement of animal welfare influences the farmer´s intention to construct pig 
housing to improve FAW standards. 

Hypothesis 8 (H8): direct experience with the construction of pig housing to improve 
FAW standards influences the farmer´s behavior to construct such pig housing. 

Hypothesis 9 (H9): indirect experience with the construction of pig housing to improve 
FAW standards influences the farmer´s intention to construct such pig housing. 

Hypothesis 10 (H10): indirect experience with the construction of pig housing to 
improve FAW influences the farmer´s behavior to construct such pig housing. 

3. Methodology 

3.1. Sampling and Study Design 

For this study, an anonymous online questionnaire was used to analyze 442 conventional and 
organic pig farmers in Germany who participated in May 2020. Online surveys are considered a cost-
efficient, effective, and timesaving method of data collection [52–54]. The survey participants were 
reached via e-mail, as well as through newsletters from a leading German farm management 
magazine, the Associations of Pig Farmers in different German federal states and the Association of 
Pig Farmers in Germany. In addition, the survey was distributed by some Chambers of Agriculture 
and was available on their websites. In Germany, each of the 16 federal states has a chamber of 
agriculture or a state office for agriculture. We arbitrarily chose pig farmers that were available 
through our distributors. We characterize our type of sampling as a convenience strategy. The survey 
questions consisted of open-ended and closed questions. The closed questions had to be answered 
on five-point Likert scales. The questionnaire consisted of six parts: in Part I, the introductory 
questions dealt with farm characteristics, such as farm size and pig housing conditions. In Part II, the 
farmers were asked about new buildings or conversions of their own pig housing. In Part III of the 
questionnaire, 36 statements were used to determine the farmers´ behaviors towards pig housing 
construction. They were asked to rate given statements based on five-point Likert scales from 
“completely agree” to “completely disagree”. The statements had to be answered by both fattening 
pig farmers and farmers engaged in sow management. The questionnaire determined what farmers 
understand by “improving animal welfare”. Animal welfare here means measures that go beyond 
the legal standards. At least the measures of level 1 (of a total of 3) of the state´s animal welfare label 
for pigs should be fulfilled. Here are the measures again: specifications according to the 
Tierschutznutztierhaltungs-Verordnung and QS standards; feeding according to legal requirements; 
farrowing pen with fixation; pregnant sows in group housing from the 28th day after insemination; 
20% more space and organic employment material; nesting material in the farrowing pen made of 
long-fibrous organic materials in the farrowing area; 4-week suckling phase (with at least 25 suckling 
days); no anesthetic-free castration; permissible alternative procedures: castration with anesthesia, 
boar fattening, vaccination against boar odor. Upwards, i.e., higher animal welfare measures, there 
are no limits. Here, animal welfare means measures that go beyond the legal standards. At least the 
level 1 measures (of a total of 3) of the state´s animal welfare label for pigs in Germany had to be 
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fulfilled. The corresponding measures were added as an information box. The data served as the basis 
for the structural model and thus as indicators of the constructs analyzed in the TPB model (see 
Appendix A Table A2). Part IV consisted of questions about a slaughter company in Germany that 
founded a barn construction cooperative to improve farm animal welfare on a broad basis. In Part V, 
the participating farmers had to answer socio-demographic questions, such as the economic 
efficiency of their farm and their age, gender, and education. A prerequisite for answering the 
research question was that the farmers kept their pigs in an agricultural holding. A filter in the 
questionnaire prevented the participation of ‘non-pig farmers’. In addition, the data set was adjusted 
for the participants whose farms are not located in Germany. Furthermore, the data set was checked 
for missing values, answer patterns, inconsistent answers, and outliers in accordance with the 
recommendations of Wagner and Hering [54]. After adjusting the data set, the sample contained 424 
participants. 

3.2. Analysis Methods 

The Partial Least Squares (PLS) method was used to evaluate the collected data, as this method 
is particularly suitable to analyze the causal relationships considered in the model presented and has 
been successfully and repeatedly used in TPB models. During the calculations, which were carried 
out using the Smart-PLS Version 3.3.0 software, the quality of the measurement model was first tested 
using various quality criteria for reliability and validity before actual verification of the hypotheses 
was carried out. The constructs of the adjusted TPB model were latent variables, which were not 
directly observable. These variables have had to be described through items (empirical indicators) 
[55]. The aim of the PLS-SEM (structural equation modeling) was to maximize the coefficient of 
determination (R²) of the (target) constructs minimize their unexplained variance [56,57]. 

3.3. Quality Criteria of the Measurement and Structural Model 

According to Hair et al. [56], evaluation of the PLS-SEM results was carried out in two 
consecutive steps: evaluation of the outer model (measurement model) followed by evaluation of the 
inner model (structural model). The measurement model describes the relationships between the 
latent variables and the associated items [56]. A distinction was made between the formative and 
reflective measurement models of the latent variables [58,59]. In the TPB model, it is assumed that all 
constructs are specified as reflective. Reflective measurement models have an effect relationship 
where the measurement of items is caused by the constructs [60]. In contrast, the structural model 
describes the relationships between the constructs themselves [56]. 

The outer model assessment included evaluation of the reflective constructs to determine their 
indicator reliability, convergent validity, and discriminant validity [61]. The test criteria included 
(especially for reflectively specified measurement models) internal consistency reliability 
(Cronbach’s alpha, composite reliability), convergence validity (indicator reliability, average variance 
extracted (AVE)), and discriminant validity (Fornell-Larcker criterion, cross loadings, heterotrait-
monotrait ratio (HTMT)) [56]. Table 1 gives an overview of the quality criteria for the measurement 
model. 
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Table 1. Cut-off levels of the quality criteria of the reflective measurement models [56]. AVE = average 
variance extracted. 

Internal Consistency Reliability 
Cronbach’s alpha between 0.6 and 0.9 [56] 

Composite Reliability (CR) between 0.7 and 0.95 
CR > Cronbach´s alpha [56] 

Convergent Validity Indicator reliability (loadings) > 0.708 [56] 
AVE > 0.5 [56]  

Discriminatory Validity 

Heterotrait–monotrait ratio (HTMT) of the correlations < 0.90 [62] 
95% confidence interval ≠ 1 

Fornell–Larcker criterion > AVE 
Cross loadings < loadings on the associated construct 

Source: Authors’ illustration. 

Indicator reliability was related to the extent of an indicator’s variance, which the construct can 
explain. Reliability is established if the outer loadings of the indicators are significant and their value 
exceeds 0.708. To check whether the group of indicators sufficiently describes the construct, 
Cronbach’s alpha values were determined. By estimating the Cronbach’s alpha and Composite 
reliability, the internal consistency´s reliability was assessed. These procedures examined whether 
the indicators assigned to the latent variable measure were the same, i.e., consistent. These values 
should ideally exceed 0.7 [56]. Composite reliability was used as a measure for internal consistency 
reliability, for which values between at least 0.7 and 0.95 were acceptable. Convergent validity also 
refers to the extent to which a latent construct can explain each indicator’s variance and can be 
assessed through the average variance extracted (AVE). The AVE should be above the level of 0.5, 
meaning that the variance captured between the constructs and corresponding indicators surpassed 
the level of variance due to measurement errors [56]. To evaluate discriminant validity, the Fornell–
Larcker criterion had to first be met. The Fornell–Larcker criterion is used to assess whether a 
construct shares greater variance with the items assigned to it than with another construct [56]. Cross-
loadings of the indicators were also assessed to achieve discriminant validity. If, for example, the 
cross-loading on an unassigned construct was too high, the indicator had to be removed. A third way 
of assessing the validity of discrimination, the HTMT, can be used. The criterion was based on the 
correlation between the items that measure different latent variables and the correlation between 
items that measured their own latent variable. Values should not exceed 0.90 [62] to ensure that the 
constructs are separable from each other. 

After the validity and reliability of the measurement model had been assessed sufficiently, the 
structural model itself was checked. The evaluation of the inner (structural) model served to assess 
the predictive power of the model regarding the (target) constructs [56]. The test criteria included the 
significance and magnitude of the path coefficients, the coefficient of determination (R²), and the 
prediction relevance (Stone-Geisser-Q²) [56]. The determinate measurement of the R² of the 
endogenous variable measured the quality of the fit of the regression function to the indicators and 
determined the proportion of the explained variance [56]. The larger the R² was, the higher the 
proportion of the explained variance. Since PLS-SEM is a non-parametric estimation method, it was 
necessary to apply a re-sample bootstrapping method to test the path coefficients’ significance. 
Bootstrapping is a non-parametric method and was used to create subsamples that were randomly 
pulled out of the record. In this study, following the recommendations of Hair et al. [56], 5000 
bootstrap samples were used to generate t-statistics. To be considered as a meaningful influencing 
factor, the path coefficients should exceed a value of 0.2. The Stone–Geisser test (Q²) was used to 
determine the predictive validity of the model and was itself determined via the so-called “blind 
following” procedure [56]. In this procedure, it was systematically assumed that a part of the raw 
data matrix was missing in the parameter estimation [63]. This procedure clarified how well the 
collected data could be reconstructed by the model. A Q² > 0 suggested that the model had good 
predictive validity [56]. 
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4. Results and Discussion 

4.1. Sample Description 

In May 2020, 424 pig farmers completed the questionnaire described above (see Appendix A 
Table A1). In total, 12.2% of the respondents were female. Since about one third of all employees in 
German agriculture are female, women were somewhat underrepresented in this study [64]. About 
75.3% of the respondents were younger than 55 years. The average age of the sample was thus slightly 
lower than the overall reality in Germany (64.6% younger than 55 years) [64]. Most of the respondents 
lived in Lower Saxony and North Rhine-Westphalia, where pig farming is most heavily concentrated 
in Germany [65]. In 92% of the cases, pig farming was the main source of income, and for 8%, it was 
a secondary source of income. In the national average, 48% of farms are primary holdings, and 52% 
are secondary holdings [66]. In total, 38.4% of the respondents were foremen, and 47.6% had a 
university of applied sciences degree or a university degree. According to the results of the 2016 
agricultural structure survey, 65% of all agricultural managers had completed at least one vocational 
training course [64]. At the time of the survey, 49.8% of the respondents were occupied with pig 
housing conversion or developing a new construction for the improvement of animal welfare. Those 
who were not involved in pig housing conversion or new constructions (50.2%) noted a lack of 
political planning security as the main reason for not engaging in FAW development (74.4%). 
Moreover, 12.5% of these respondents stated that they lacked the financial capacity to change their 
pig housing. 

4.2. Evaluation of the PLS Path Model 

For the analysis of the extended TPB model, we followed the approach described by Hair et al. 
[56] and performed the analysis in two steps. First, the measurement model (outer model) was 
checked, followed by the structural model (inner model). The indicators that were retained in the 
model over the course of examining the indicator reliability and convergence criteria were attitudes 
towards behavior (ATB), subjective norms (SN), perceived behavioral control (PBC), direct 
experience (DE), and indirect experience (ID), with intention (IT) and behavior (BV) for the 
construction of pig housing (see Appendix A Table A2). 

Assessing the constructs for reliability and validity was a prerequisite for the interpretation of 
the path model [56]. In the present model, the critical threshold of Cronbach’s alpha (0.700) [57,67] 
was not reached by the constructs of BV (0.662) and PBC (0.618). Nevertheless, in exploratory research 
projects, values between 0.60 and 0.70 have been considered acceptable [56]. BV was given a 
presumed value of 0.815 for composite reliability and PBC was given a value of 0.795 for composite 
reliability. It can be generally assumed that the true value lies generally between Cronbach’s alpha 
and the composite reliability [56]. Therefore, the internal consistency reliability was taken as given 
(see Appendix A Table A3). 

Convergence validity existed if the indicators assigned to the construct shared a high proportion 
of variance [56]. Information on this variance was provided by the number of loadings on a construct 
(indicator reliability). For a construct to have a substantial proportion (50%) of the variance of the 
indicator, its charge should reach at least 0.700 [63]. In the present model, the lowest loading was 
found for PCB1 (0.738) (see Appendix A Table A3), which was above the critical threshold. Indicator 
reliability was thus determined for the model (see Appendix A Table A2). A second quality criterion 
for assessing convergence validity was the AVE [63]. The quality criterion was also fulfilled, and 
convergence validity was, therefore, achieved (see Appendix A Table A3). 

To assess discriminant validity, the HTMT criterion was focused upon, as recommended by [56]. 
Except for one value (0.903), all HTMT values of the correlations were below the limit value (see 
Appendix A Table A4). The ratio of the constructs BV–IN had a value of 0.903, which exceeded the 
critical threshold and theoretically meant that discriminant validity in the model did not exist 
according to the HTMT ratio. The two constructs were apparently conceptually very similar. The 
bootstrapping procedure indicated that the constructs were, however, empirically different. 
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Furthermore, since the Fornell–Larcker criterion and the cross-charge were tested to be positive, the 
discriminant validity in the model was taken for granted. 

The second step of the quality assessment of the path model was to evaluate of the inner model. 
Based on this evaluated, we decided whether hypotheses 1–10 (derived in Section 2) could be 
supported. An overview of the significance of the path coefficients calculated with the PLS algorithm 
and the hypotheses are given in Appendix A Table A5 and Figure 2. The estimated structural model 
for the TPB explained 69.4% of the variance for intention and 59.4% of the variance in behavior to 
construct pig housing for the improvement of animal welfare. A comparison with other studies 
showed that when applying TPB to agricultural science questions, coefficients of determination of 
50% relevant for assessment [38,44,68,69]. 

 

Figure 2. Results of the partial least squares (PLS) analysis: determinants to design and construct pig 
housing for the improvement of animal welfare. The values are presented as the path coefficients. 
Significance level: * p < 0.1, ** p < 0.05, *** p < 0.01. Broken line: not significant. ATB = attitude towards 
behavior, BV = behavior, DE = direct experience, IE = indirect experience, IN = intention, SN = 
subjective norm, PBC = perceived behavioral control. Source: Authors’ calculations and illustration. 

The paths ATB (+0.221***), SN (+0.169***), DE (+0.274***), and IE (+0.143***) for pig housing 
construction had a significantly positive influence on behavioral intention. DE and ATB had the 
strongest influence, among which ATB had a particularly strong influence. The influence of PBC (–
0.081**) was marginal and negative. According to [56], path coefficients below 0.1 are not truly 
interesting to interpret, even though they are significant. The influence of PBC (+0.016) on BV was 
again marginal and not significant. Furthermore, DE also had a very strong and significant influence 
on ATB (+0.487***) and BV (+0.299***). The extent to which IE influences BV (+0.061*) was also tested. 
However, the influence of IE on BV was small and only slightly significant. Finally, the influence of 
IN (+0.486***) on BV was determined to be very strong and significant. 

H1 described the influence of ATB on the intention of pig farmers to construct pig housing to 
improve animal welfare. The path coefficient had a significance level of 1%, and the hypothesis was 
supported. Therefore, the results suggest that the intention of pig farmers to construct pig housing 
increases if they have a positive attitude towards constructing a pen to improve animal welfare. This 
result is in line with previous studies showing that attitudes are one of the most influential factors 
determining the implementation decisions of public relations measures at the individual farm level 
[70–72]. 

H2 was also be supported. Subjective norm, e.g., perceived social pressure from family and 
friends, had a positive and statistically significant effect on intention, as expected (Hypothesis 2). 
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Farmers themselves are often unaware of how much the opinions of others influence their own 
behaviors [38]. According to Nolan et al. [73], individuals tend to deny that other people’s behavior 
influence their actions. This suggests that people are generally unaware of the influence that social 
norms have on them. In our study the subjective norm was conceptualized by the overall social 
pressure perceived from others who are significant—e.g., “People who are important to me (...)” [74]. 
The pig farmers interviewed perceived that the people relevant to them expected that they should 
convert their pig housing for the improvement of animal welfare. This result also confirms the results 
of Ambrosius et al. [75] regarding the course of agricultural decision-making processes. Comparing 
the path coefficients, the results also indicate that attitudes towards pig housing construction have a 
higher effect on IN than SN. 

Hypothesis H3 relates to the effect that PBC has on IN. Even if the influence is very close to 0, 
indicating an influence trend, the hypothesis can still be maintained [76]. The path coefficient from 
PBC to IN deviated from zero with a probability of error that was <5%. In addition, the direct 
influence of PBC on behavior was very small, as suspected in H4. Furthermore, the path coefficient 
(PBC → BV = 0.016) did not deviate statistically from zero. Although the direction of the effect was 
positive, as assumed, H4 could not be supported, which contradicts the TPB model of [30]. The mean 
values for the perceived behavioral control indicators did not trend towards disagreement, indicating 
that farmers see no difficulties associated with the construction of pig housing or perceive see 
difficulties in aspects other than those included in the questions. Evidence for the latter explanation 
is given by the descriptive evaluation of another question in our questionnaire. We asked about the 
obstacles that prevented the farmers in question from engaging in a sty conversion or new 
construction. Those who were not involved in pig housing conversions or new construction (50.2%) 
rated the lack of political planning security as the main reason (74.4%). Other difficulties or barriers 
to the conversion and construction of pig housing included problems with permits (43.9%), 
conflicting objectives with environmental protection (25.6%), a lack of financial capacity (12.5%), and 
a lack of space for new barns (9.6%). Other reasons were their satisfaction with the current barns 
(73.4) or the fact that conversions were carried out in the last 10 years (48.3%). These barriers were 
queried in another part of our questionnaire. Vogelsang [77] also found only a small influence of PBC 
in a preliminary study. In Vogelsang´s main study, perceived behavioral control was re-assessed due 
to its inadequate internal consistency. Its contribution to clarifying intention, which was not observed 
in the preliminary investigation, focused on perceived external obstacles. In our study, the effect of 
PBC on IN was negative. Since the influence of PBC was only marginal in our study, it can only be 
cautiously asserted that if a pig farmer classifies perceived behavioral control or barriers to pig 
housing construction as high, it can be assumed, conversely, that his or her intention to implement 
pig housing construction will be low. Our results also conflict with some previous applications of 
TPB in the agricultural sector. For example, de Lauwere et al. [38] found statistically significant effects 
of PBC on the intention to implement group housing for pigs. Our measurement of PBC, i.e., the 
indicators applied, differed insignificantly from this previous study. One reason for this difference 
could be inappropriate operationalization of the construct, which was reflected by the poor internal 
consistency of the scale (Cronbach´s alpha = 0.618). The fact that the level of PBC did not contribute 
anything to the behavioral predictions may relate to the blending of two conceptually different 
aspects of control in this construct. Terry and O’Leary [78] noted that, according to Ajzen and Madden 
[79], PBC measures the subjective perception of one´s degree of control over the execution of a 
behavior (a measure of perceived control, e.g., “It is in my power to execute the behavior in 
question”). An assessment of how easy or difficult it would be to execute the behavior was also 
measured (self-efficacy expectations, e.g., “I am competent to perform the required behavior”). 
Therefore, it is not surprising that this construct often cannot be reliably recorded (see Cronbach´s 
alpha value of 0.618 in our study). A possible solution to this problem could be the decomposition of 
PBC. Terry and O’Leary [78] attempted this type of decomposition in a study on the prediction of 
sports exercises. The authors simultaneously surveyed perceived behavioral control as a measure of 
external control and self-efficacy as a measure of internal control, and different effects of the two 
constructs on behavioral intention and actual behavior were observed. Terry and O’Leary [78], 
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therefore, concluded that PBC (as a perceived hindrance to the execution of behavior by external 
factors) and self-efficacy (in terms of internal control factors) should be included as separate variables 
in the TPB. Further investigations also proved the empirical distinctness of self-efficacy and perceived 
behavioral control or controllability [80–83]. 

H5 stated that a higher IN among pig farmers would have a positive influence on a farmer´s 
behavior to construct pig housing for the improvement of animal welfare. This hypothesis was 
maintained, as the path coefficient from IN to BV differs from zero with a probability of error <1%. 
However, it is important to note the possible lack of discriminant validity between IN and BV (see 
Appendix A Table A4), which may explain the high value of the path coefficient. However, this 
relationship between IN and BV was postulated in the original model by Ajzen [30]. This is a central 
result of this study, as all basic hypotheses from the TPB framework (see Figure 2), limited by H4 
(PBC → BV), can be applied to the construction of pig housing for the improvement of animal welfare. 
Thus, if the intention to construct pig housing is high, this high intention will have a positive effect 
on actual building behavior. A significant influence of intention on behavior in agricultural decisions 
was also found in the studies of Ambrosius et al. [75] and Munoz et al. [71]. 

Hypotheses H6 to H8 examined how DE affects ATB (H6), IN (H7), and BV (H8). The original 
TPB model was extended by the two constructs of DE and IE. Eagly and Chaiken [39] considered 
experience as a direct and important predictor of current behavior in the TPB from a behaviorist 
perspective. Since the corresponding path coefficients all had a positive value at different significance 
levels, H6 to H8 were supported. Thus, if farmers had direct experience with the construction of pig 
housing to improve animal welfare, this experience had a positive effect on ATB, IN, and BV, with a 
probability of error of <1%. The relationship between DE and ATB had the highest path coefficient, 
with a value of 0.487. Thus, the attitude of pig farmers was significantly determined by direct 
experience. The total effect of DE on IN corresponded to 0.382 (=0.487 × 0.221 + 0.274), which is greater 
than the direct effect of DE (0.274) on IN. Similar observations were be made for the effect of DE on 
BV. The direct effect of DE on BV (0.299) was less than the total effect of DE on BV (0.419). The high 
total effect indicated the relevance of DE. Our results provide an interesting addition to Ouellette and 
Wood [48]. In Ouellette and Wood [48], past behavior was also highlighted as experience, and the 
authors theoretically justified why past behavior would contribute to the formation of intentions. 

Hypotheses H9 and H10 relate to the influence of IE on the intention to construct pig housing 
and actual behavior. According to the model, both hypotheses can be supported since the 
relationships between IE and IN and BV, respectively, had path coefficients that differed from zero 
at a significance level of 1% and 10%. However, the path coefficient between IE and BV differed only 
slightly from zero (although still significantly). According to Dessart et al. [84], contact with 
experienced farmers who had already adopted certain practices enabled the collection of information 
that would otherwise be unavailable. There are many uncertainties related to constructing pig 
housing, as this practice is innovative compared to the status quo of conventional pig farming 
methods. Contact with pig farmers who have already adopted this practice and have practical 
experience in applying it can reduce such uncertainty. Seeing other pig farmers implement a practice 
can motivate more pig farmers to do the same [84]. To facilitate the widespread adoption of pig 
housing to improve animal welfare, it is, therefore, beneficial to encourage early adopters to 
communicate the positive aspects of the process. Similar to Vogelsang [77], indirect experience had a 
smaller contribution than direct experience. 

Among the quality criteria included in the structural model are the coefficient of determination 
(R2) and the prediction variance (Q2) [56]. The coefficient of determination indicates the proportion 
of the variance of an endogenous construct explained by its preceding constructs. R2 can assume 
values between 0 and 1 and has a value limit of 0.100 [85]. The predictive power of the model for the 
ATB, IN, and BV constructs is generally considered good to very good (see Table 2). When testing 
the R²-values of the endogenous latent variable, the R2 values for intention (0.422) and behavior 
(0.510) were considered moderate, while and the R²-value of ATB (0.237) was considered weak 
[58,86]. The model thus explained 23.7% of the variance of ATB, 42.2% of the variance of IN, and 51% 
of the variance of BV. The coefficient of determination for ATB, IN and BV was clearly above the limit 
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of 0.100 in all three cases, so the effects of the constructs on each other could be classified as 
significant. 

Table 2. Evaluation of the inner model (n = 424). 

Construct R2 Q2 
ATB 0.237 0.203 
IN 0.422 0.278 
BV 0.510 0.290 

ATB = attitude towards behavior; IN = intention; BV = behavior; R2 = coefficient of determination; Q2 = 
prediction variance. Note: Cut-off level: R2 > 0.100; Q2 > 0. Source: Authors’ calculations and illustration. 

The Q2 values determined by blindfolding provided information on how precisely the path 
model can predict data that were not contained in the model [56]. The model had predictive 
significance if the Q2 values determined were higher than 0 [87]. BV (0.290) had the highest prediction 
accuracy, followed by IN (0.278) and ATB (0.203). The forecast reliability of the endogenous latent 
variables could, therefore, also be classified as good. However, as with any theory, weaknesses must 
be discussed. For example, Jonas and Doll [88] claimed that the TPB is too simple and should be 
extended using related constructs. We added two constructs (DE and IE). Furthermore, Verplanken 
and Aarts [89] highlighted the limited use of the TPB in cases of habitual behavior. This fact did not 
necessarily apply to the construction process under discussion. 

Our survey was based on the assumptions that any pig housing with higher FAW standards 
would be approved and that the operating results would remain constant or even increase compared 
to previous ones. As many pig farmers, especially those in the regions of North Rhine-Westphalia 
and Lower Saxony, are affected by not being granted a permit for the construction or conversion of 
pig housing [25], the survey indicated that this prerequisite for a permit was given. Thus, the actual 
behavior did not have to be excluded from the model because the construct “behavior” describes the 
actual construction of a barn to improve animal welfare. By mainly excluding economic factors from 
this survey, the TPB model was shown to be an appropriate conceptual framework for the study 
conducted. Economic viability was excluded because many studies showed that performance 
expectations or financial concerns and risks are dominant influencing factors on farmers’ decisions 
[15,90,91]. In addition, another study showed that farmers´ concerns related to the financial returns 
of costly and highly specific investments were unfounded, as farmers participating in animal welfare 
programs rated their own financial situations as equivalent to those of their colleagues not 
participating in animal welfare programs [92]. Thus, more research is needed in this other area, 
assuming that the aforementioned influencing factors are satisfied. In other words, our study 
considered the framework conditions that actually make pig housing construction financially 
interesting. As we took for granted the economic viability and constructional approval of new pig 
housing, the results showed that the construct of “attitude” towards the construction of pig housing 
also influenced the construction decision. Walder et al. [93] found that self-direction and hedonistic 
values (cf. our attitude and subjective norm), in contrast with economic- and achievement-based 
values, are associated with more innovative capabilities. Since indirect experience also has a 
significant influence on intention, it would be possible to provide more practical information (and 
inspiration) from other pig farmers on pig housing with higher FAW. It is recommended that relevant 
networks such as the research project “virtual stall of the future” [94] be established or used further. 
Farmers could then be convinced by positive examples or share and exchange their experiences and 
hardships. It is important to specifically promote and advertise model farms and test farms while 
transforming pig farming. However, transparency must be improved, as economic pressure on farms 
is growing rapidly. Our study also showed that social norms have a strong effect on the intention to 
construct pig housing with higher FAW. Social identity could be particularly important in situations 
where one´s the behavior is “visible” and would thus contribute to a pig farmer’s image. This insight 
could be used to guide the direction of future efforts to encourage the widespread implementation 
of pig housing construction. This shows that farmers not only act as individuals on their own farms 
but are also integrated into their social networks. This means that politics and the promotion of FAW 
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pig housing should offer “presentable” and “easily marketable” options. It is possible that social 
norms are shaped by the farmers’ desire for recognition of their work, which most farmers currently 
feel is lacking. The promotion of FAW is not only related to animal welfare but to a greater 
appreciation of farmers’ work. This has to be achieved within society, and FAW pig housing is a good 
place to start. As discussed above, the influence of PBC was only minor. TPB is used to explain both 
reversible and future behavior [69,94] and previously performed behavior [95]. Almost 60% of the 
variance in behavior can be explained by the determinants included in this model. 

However, it is also possible that not all pig farmers who indicate a willingness to construct pig 
housing with higher FAW standards would actually construct one (behavioral gap) [96]. In addition, 
by conducting our survey online, some groups of farmers may had been reached more easily than 
others. On the one hand, online surveys can produce a representativeness problem. However, 
representativeness can be improved by using different recruitment methods [97]. This was the case 
for the survey used in this study, as an attempt was made to reach the respondents via several online 
channels (see Section 3.1. Sampling and Study Design). On the other hand, there are differences in 
people´s use of the internet. Women, older people, and less educated people use the internet less 
frequently than men, younger people, and more educated people [98]. This survey may seem to focus 
too much on North Rhine-Westphalia and Lower Saxony regions. However, the majority of pig 
farmers in Germany also live in these areas. Futher, significantly more full-time farmers took part in 
the survey (92%) than part-time farmers (8%). Since there was a clear deviation here from the national 
average (more part-time farmers), large-scale firms were also characterized as being more willing to 
innovate [99]. Other results could possibly be obtained by including more part-time farmers. It is also 
unclear which of the surveyed pig farmers are truly interested in animal welfare. The attitude 
towards animal welfare could have distorted the sample, if, for example, only a few of the farmers 
actually supported animal welfare. Moreover, the farmers in our survey had a high level of education 
(87.2% held degrees or had a PhD). In our study, however, the level of education did not influence 
construction behavior. Walder et al. [93], analyzed agricultural education as a key driver in farmers’ 
innovative capacity. This innovative capacity could be equated with the step of constructing pig 
housing to improve FAW. The majority of those who responded were likely already interested in the 
topic, were more educated, were open to new ideas, and were looking for alternatives. At the same 
time, the well-educated pig farmers who responded may also have rejected change processes in 
housing systems because of the uncertainties mentioned. As education in modern agriculture in 
Germany will continue to increase rather than decrease in the future, this target group will likely be 
the most influential in the future. Therefore, our results are important now to establish a baseline. 

5. Conclusions 

Pig housing with increased FAW standards can sustainably improve animal health and behavior 
while also contributing to socially acceptable livestock farming. However, from a pig farmer point of 
view, the benefits associated with the construction of animal welfare pig housing are often 
overshadowed by the many challenges involved. At present, there is little research on the factors, 
other than economic aspects, that influence the decision to construct such pig housing. Many farmers 
want to develop their pig housing further but do not know how [3]. Our study, therefore, provides 
the first detailed insight into the psychological factors that influence pig farmers to carry out the 
construction of pig housing with higher FAW standards. By applying an extended version of the TPB, 
we were able to identify attitude, subjective norm, perceived behavioral control, and direct and 
indirect experience as the main determinants of the intention to construct pig housing to improve 
FAW. It made sense to extend the model with variables related to past behavior (direct and indirect 
experience). The behavior of farmers could thus be explained under one model like TPB with 
additional constructs. However, for each new situation, an assessment must be made to determine 
which constructs can and cannot be applied. 

Therefore, if one excludes licensing problems and the risk of a deteriorating operating result due 
to the construction of pig housing for the improvement of animal welfare, it becomes clear that other 
factors also have a significant influence on pig farmers’ behaviors. This produces influencing factors 
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(attitude, subjective norm and experience) that are an important influence on compelling farmers to 
implement pig housing with higher FAW standards. While our study focused on the psychological 
factors underlying pig farmers’ behaviors, which can also be described as pig farmers’ behavioral 
willingness, further research could divide the pig farmers into groups and assess the behavioral 
intention of each group. It would then be possible to distinguish between pig farmers who have 
already converted from those who have not converted and thus investigate whether there are 
differences between the groups in the influences on their intentions and behaviors [38]. A distinction 
could be made between groups of pig farmers with more (or less) awareness or between pig farmers 
with weak or strong intentions [94,100,101]. It may also be possible to identify a link between farmers’ 
levels of education or positions on the farm and their construction behavior. We could then 
determine, which target group of farm managers needs to be addressed and motivated for future 
conversion efforts. It is very likely that the implementation of an appropriate draft law to change 
building regulations and financial incentives would trigger initial changes in behavior related to the 
construction of pig barns. However, these measures on their own are not enough to yield lasting 
change in pig farmer behavior. If long-term behavioral changes are desired, it is also necessary to 
gain an understanding of the factors other than financial incentives or licensing requirements that 
influence pig farmers’ decision-making. In particular, the psychological factors underlying farmers’ 
behaviors were already shown to be relevant and significant (such as in various agri-environmental 
measures and animal welfare programs), as the introduction of such measures was not solely 
dependent on financial motives [15,102,103]. These insights are important for farmers and upstream 
industry and politics. Based on these results, a positive attitude alongside positive experiences can 
facilitate changes by exchanging ideas with colleagues who have already made similar positive 
changes. Stall construction companies also have a stake in this rethinking process. In this context, the 
marketing of pig housing must change farmers´ ways of thinking, positive experiences in the area 
must be shared, and pig farmers´ attitudes and subjective norms must be considered. Moreover, the 
relevant politics are at a turning point and need more concrete direction. It is not sufficient to make 
legal decisions on pig farming; farmers must be involved transparently and on a psychological level. 
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Appendix A 

Table A1. Profiles of the respondents, n = 424. 

Variable and Description Frequency Percentage (%) 
Gender in%   

Female 52 87.8 
Male 373 12.2 

Age in%   

18 to 24 25 5.9 
25 to 34 92 21.6 
35 to 44 87 20.5 
45 to 54 116 27.3 
55 to 64 95 22.4 

65 and older 10 2.4 
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Forms of occupation   

Full time farmer 391 92 
Part time Farmer 34 8 

German state   

North Rhine-Westphalia 171 40.2 
Lower Saxony 92 21.6 

Bavaria 40 9.4 
Hesse 26 6.1 

Schleswig–Holstein 26 6.1 
other 70 16.5 

Table A2. Descriptive results for the applied indicators and outer model evaluation. 

Construct Corresponding Item Outer 
Loading 

Mean 
(SD) 

Attitude Towards Behavior 

 

ATB1: By building pig housing to improve FAW, I feel personally 
better. 

0.940 *** 
3.101 
(1.33) 

ATB2: Constructing pig housing to improve FAW on my farm gives me 
a better conscience towards my animals. 

0.933 *** 
2.842 
(1.37) 

Subjective Norm 

 

SN1: Professional colleagues are largely admired for constructing pig 
housing to improve FAW. 

0.835 *** 
3.219 
(1.04) 

SN2: Most people who mean something to me believe that I should 
construct pig housing to improve FAW. 

0.831 *** 
2.675 
(1.23) 

SN3: If I were to construct pig housing to improve FAW, most people I 
care about would admire this step. 

0.896 *** 
3.285 
(1.20) 

Perceived Behavioral Control   

 

PBC1: I do not have enough time to construct pig housing to improve 
FAW. 

0.738 *** 
2.365 
(1.17) 

PBC2: Other pig farmers don’t construct pig housing to improve FAW, 
so I don’t have to. 

0.775 *** 
1.659 
(0.91) 

PBC3: For me, a pig housing construction projects to improve FAW are 
too complicated at the moment. 

0.745 *** 
2.904 
(1.37) 

Intention   

 

IN1: In the near future, I would like to consider constructing pig 
housing to improve FAW. Attention: If you have constructed or 

reconstructed within the last 5 years, please click on “agree 
completely”. 

0.802 *** 
3.515 
(1.44) 

 
IN2: I would like to start constructing pig housing to improve FAW 

soon. Attention: If you have constructed or reconstructed within the last 
5 years, please click on “agree completely”. 

0.879 *** 
3.209 
(1.57) 

 
IN3: (Also) in the future I intend to operate pig housing to improve 

FAW on my farm. 
0.815 *** 

3.675 
(1.20) 

Behavior   

 

BV1: I have already constructed pig housing to improve FAW on my 
farm recently. 

0.765 *** 
2.508 
(1.64) 

BV2: I have already applied for a permit for the construction of pig 
housing to improve FAW on my farm. 

0.786 *** 
1.856 
(1.48) 

BV3: I am currently constructing pig housing to improve FAW. 0.761 *** 
2.216 
(1.53) 

Direct Experience   

 

DE1: I was involved in at least one construction project for pig housing 
to improve FAW. 

0.908 *** 
2.864 
(1.72) 

DE2: I have had positive experiences with the construction of pig 
housing to improve FAW. 

0.925 *** 
2.835 
(1.40) 

Indirect Experience   
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IE1: I have or have had contact with people who have already 
implemented the construction of pig housing to improve FAW. 

0.893 *** 
3.640 
(1.37) 

IE2: I have or have had contact with people who have had positive 
experiences with constructing pig housing to improve FAW. 

0.936 *** 
3.289 
(1.30) 

Outer loadings > 0.7; asterisks indicate different levels of significance (*** p < 0.01); the mean: 
descriptive analysis with a five-point Likert scale from 5 (totally agree) to 1 (totally disagree); n = 424. 

Table A3. Internal consistency: Cronbach’s alpha, composite reliability, and average variance 
extracted from the constructs. 

Construct 
Cronbach’s 

Alpha 
Composite Reliability 

(CR) 
Average Variance Extracted 

(AVE) 
Attitude 0.860 0.934 0.877 

Subjective norm 0.815 0.890 0.730 
Perceived behavioral 

control 
0.618 0.795 0.564 

Intention 0.780 0.872 0.694 
Behavior 0.662 0.815 0.594 

Direct experience 0.809 0.913 0.840 
Indirect experience 0.808 0.911 0.837 
Cutoff levels: Cronbach’s alpha > 0.7 (0.6); composite reliability (CR) = 0.6–0.9; average variance 
Extracted (AVE) > 0.5; n = 424. 

Table A4. Discriminant validity: heterotrait–monotrait ratio (HTMT). 

Construct DE ATB IE IN SN BV PBC 
DE        

ATB 0.578       

IE 0.450 0.286      

IN 0.641 0.634 0.465     

SN 0.453 0.822 0.412 0.613    

BV 0.764 0.474 0.480 0.903 0.412   

PBC 0.405 0.345 0.297 0.425 0.394 0.366  

HTMT of the correlations < 0.90; ATB = attitude towards behavior; BV = behavior; DE = direct 
experience; IN = intention; IE = indirect experience; PBC = perceived behavioral control; SN = 
subjective norm. 

Table A5. Results of the structural model and hypothesis testing, n = 424. 

H0  Path Coefficients T-Statistic a Support H0 
ATB → IN H1 0.221 *** 3.611 Supported 
SN → IN H2 0.169 *** 2.997 Supported 

PBC → IN H3 −0.081 ** 2.021 Supported 
PBC → BV H4 0.016 0.484 Not supported 
IN → BV H5 0.486 *** 12.932 Supported 

DE → ATB H6 0.487 *** 12.199 Supported 
DE → IN H7 0.274 *** 5.403 Supported 
DE → BV H8 0.299 *** 6.876 Supported 
IE → IN H9 0.143 *** 3.043 Supported 
IE → BV H10 0.061 * 1.733 Supported 

ATB = attitude towards behavior, BV = behavior, DE = direct experience, IE = indirect experience, IN 
= intention, SN = subjective norm, PBC = perceived behavior control; a calculated by bootstrapping 
(5000 subsamples); asterisks indicate different levels of significance (*** p < 0.01, ** p < 0.05, * p < 0.10). 

References 

1. Dierauff, J. We need a national livestock strategy. Agric. Today Pig(Agrarheute Schwein), 27 December 2019, 
p. 7. (In German). 



Animals 2020, 10, 1760 18 of 22 

2. Christoph-Schulz, I. SocialLab—Livestock farming in the mirror of society. J. Consum. Prot. Food Saf. 2018, 
13, 145–236. (In German). 

3. Von Meyer-Höfer, M.; Winkel, C.; Heise, H.; Schütz, A.; Grimberg-Henrici, C.; Krieter, J.; Gier, N.; Krampe, 
C.; Kenning, P.; Tölle, K.H.; et al. Virtual Stall of the Future. From Sows to Fattening Pigs—New Stall 
Construction Concepts for Pig Farming in Germany with Improved Animal Welfare and Acceptance. 
Results Report. 2019. Available online: https://www.uni-goettingen.de/de/575789.html (accessed on 6 May 
2020). (In German). 

4. Meat Industry (Fleischwirtschaft). Animal Welfare—Tönnies Insists on Consensus. Available online: 
https://www.fleischwirtschaft.de/politik/nachrichten/Tierwohl-Toennies-pocht-auf-Konsens-39842 
(accessed on 29 April 2020). (In German). 

5. Holinger, M.; Früh, B.; Stoll, P.; Kreuzer, M.; Hillmann, E. Grass silage for growing-finishing pigs in 
addition to straw bedding: Effects on behaviour and gastric health. Livest. Sci. 2018, 218, 50–57. 

6. Battini, M.; Tremolada, C.; Ferrari, L.; Borciani, M.; Gastaldo, A.; Barbieri, S. Straw bedding housing for 
growing pigs: Effect of two different management systems on hygiene and welfare. Large Anim. Rev. 2016, 
22, 225–229. 

7. Mkwanazi, M.V.; Ncobela, C.N.; Kanengoni, A.T.; Chimonyo, M. Effects of environmental enrichment on 
behaviour, physiology and performance of pigs—A review. Asian Australas. J. Anim. Sci. 2019, 32, 1–13, 
doi:10.5713/ajas.17.0138. 

8. Heise, H.; Overbeck, C.; Theuvsen, L. The animal welfare initiative from the point of view of various 
stakeholders: Evaluations, possibilities for improvement and future developments. Rep. Agric. J. Agric. 
Policy Agric. 2017, 95, 1–35. (In German). 

9. Whay, H.R. The journey to animal welfare improvement. Anim. Welf. 2007, 16, 117–122. 
10. Kauppinen, T.; Vesala, K.M.; Valros, A. Farmer attitude toward improvement of animal welfare is 

correlated with piglet production parameters. Livest. Sci. 2012, 143, 142–150. 
11. Jones, P.J.; Sok, J.; Tranter, R.B.; Blanco-Penedo, I.; Fall, N.; Fourichon, C.; Hogeveen, H.; Krieger, M.C.; 

Sundrum, A. Assessing, and understanding, European organic dairy farmers’ intentions to improve herd 
health. Prev. Vet. Med. 2016, 133, 84–96. 

12. Kauppinen, T.; Vainio, A.; Valros, A.; Rita, H.; Vesala, K.M. Improving animal welfare: Qualitative and 
quantitative methodology in the study of farmers’ attitudes. Anim. Welf. 2010, 19, 523. 

13. Jääskeläinen, T.; Kauppinen, T.; Vesala, K.M.; Valros, A. Relationships between pig welfare, productivity 
and farmer disposition. Anim. Welf. 2014, 23, 435–443. 

14. Bourlakis, M.; Bock, B.B.; van Huik, M.M. Animal welfare: The attitudes and behavior of European pig 
farmers. Br. Food J. 2007, 109, 931–944, doi:10.1108/00070700710835732. 

15. Schukat, S.; Kuhlmann, A.; Heise, H. Fattening Pig Farmers’ Intention to Participate in Animal Welfare 
Programs. Animals 2019, 9, 1042. 

16. FAO (Food and Agriculture Organization of the United Nations). Livestock Primary > Meat, Pig. Official 
FAO Production Statistics for 2018. Available online: http://www.fao.org/faostat/en/#data/QC (accessed on 
24 September 2020). 

17. Feller, B.; Leuer, S. Costs for more animal welfare. Agric. Today Pig (Agrarheute Schwein), 28 June 2019, pp. 
31–33. (In German). 

18. Winkel, C.; Heise. H. Economic consideration of future livestock housing—Results of the joint project 
virtual stall of the future. In Proceedings of the Animal Welfare Conference Göttingen with the Topic: 
Transformation Processes of Intensive Livestock Farming—What Do We Want, Can and Have to Change? 
2019, Göttingen, Germany, 17 October 2019; doi:10.3249/ugoe-publ-3. (In German). 

19. Heise, H.; Pirsich, W.; Theuvsen, L. Criteria-based assessment of selected European animal welfare labels. 
Rep. Agric. 2016, 94, doi:10.12767/buel.v94i1.85. 

20. Larsen, M.L.V.; Pedersen, L.J.; Jensen, D.B. Prediction of Tail Biting Events in Finisher Pigs from 
Automatically Recorded Sensor Data. Animals 2019, 9, 458. 

21. Godyń, D.; Nowicki, J.; Herbut, P. Effects of Environmental Enrichment on Pig Welfare—A Review. 
Animals 2019, 9, 383. 

22. Pietrosemoli, S.; Tang, C. Animal Welfare and Production Challenges Associated with Pasture Pig Systems: 
A Review. Agriculture 2020, 10, 223. 



Animals 2020, 10, 1760 19 of 22 

23. Alarcon, P.; Wieland, B.; Mateus, A.L.; Dewberry, C. Pig farmers’ perceptions, attitudes, influences and 
management of information in the decision-making process for disease control. Prev. Vet. Med. 2014, 116, 
223–242. 

24. Gößling, M. InnoPig: Project Results. B&B Agrar. 2019. Available online: 
https://www.bildungsserveragrar.de/fileadmin/user_upload/Bilder/Literatur/BuBAgrar/Online-
Spezial/bub_2019_online_september_goessling_innopig_ergebnisse.pdf (accessed on 5 May 2020). (In 
German). 

25. Hermann, W. Building law vs. animal welfare. Agric. Today Pig (Agrarheute Schwein), 30 August 2019, pp. 
11–13. (In German). 

26. Federal Environment Agency. Animal Welfare and Environmental Protection—Conflict of Goals or Win-
Win Situation. Publisher: Federal Environment Agency, 2019. Available online: 
https://www.umweltbundesamt.de/sites/default/files/medien/1410/publikationen/2019-05-23_texte_51-
2019_tierwohl-umweltschutz.pdf (accessed on 5 May 2020). (In German). 

27. CDU (Christian Democratic Union). Results of the Coalition Committee of 8th of March 2020. Available 
online: 
https://www.deepl.com/translator#de/en/Ergebnisse%20des%20Koalitionsausschusses%20vom%2008.%2
0M%C3%A4rz%202020%0A%0AHier%20wurden%20Beschleunigungen%20f%C3%BCr%20Verwaltungs-
%20und%20Gerichtsverfahren%20im%20Zusammenhang%20mit%20Planungen%20und%20Genehmigu
ngen%20von%20Nutztierst%C3%A4llen%20beschlossen (accessed on 7 May 2020). (In German). 

28. Deter, A. Animal welfare must not fail because of building laws and bureaucracy. Top Agric. Online Politics 
News 2020a. Available online: https://www.topagrar.com/management-und-politik/news/stegemann-
tierwohl-darf-nicht-an-baurecht-und-buerokratie-scheitern-11994598.html (accessed on 5 May 2020). (In 
German). 

29. Deter, A. WLV (Westphalia-Lippe Agricultural Association) welcomes breakthrough in building “animal 
welfare stalls”. Top Agric. Online Pig News 2020b. Available online: 
https://www.topagrar.com/schwein/news/wlv-begruesst-durchbruch-beim-bau-von-tierwohl-staellen-
11894410.html (accessed on 29 April 2020). (In German). 

30. Ajzen, I. From Intentions to Actions: A Theory of Planned Behavior. In Action Control; Kuhl, J., Beckmann, 
J., Eds.; Springer: Berlin, Germany, 1985; pp. 11–35. 

31. Ajzen, I. The Theory of Planned Behavior. Organ. Behav. Hum. Decis. Process. 1991, 50, 179–211. 
32. Conner, M.; Abraham, C. Conscientiousness and the Theory of Planned Behavior: Toward a more 

completemodel of the antecedents of intentions and behavior. Personal. Soc. Psychol. Bull. 2001, 27, 1547–
1561. 

33. Hagger, M.S.; Chatzisarantis, N.L.D. First- and higher-order models of attitudes, normative influence, and 
perceived behavioural control in the theory of planned behaviour. Br. J. Soc. Psychol. 2005, 44, 513–535. 

34. Manstead, A.S.R.; Parker, D. Evaluating and extending the Theory of Planned Behaviour. Eur. Rev. Soc. 
Psychol. 1995, 6, 69–95. 

35. Senger, I.; Borges, J.A.R.; Machado, J.A.D. Using the theory of planned behavior to understand the intention 
of small farmers in diversifying their agricultural production. J. Rural Stud. 2017, 49, 32–40. 

36. Djamaludin, M.D. Analysis Intention of Farmer Card Utiliization Using Theory of Planned Behavior. J. 
Consum. Sci. 2018, 3, 16–26. 

37. Maleksaeidi, H.; Keshavarz, M. What influences farmers’ intentions to conserve on-farm biodiversity? An 
application of the theory of planned behavior in fars province, Iran. Glob. Ecol. Conserv. 2019, 20, e00698. 

38. De Lauwere, C.; van Asseldonk, M.; van’t Riet, J.; de Hoop, J.; ten Pierick, E. Understanding farmers’ 
decisions with regard to animal welfare: The case of changing to group housing for pregnant sows. Livest. 
Sci. 2012, 143, 151–161. 

39. Eagly, A.H.; Chaiken, S. The Psychology of Attitudes; Harcourt Brace Jovanovich College Publishers: Fort 
Worth, TX, USA, 1993. 

40. Willock, J.; Deary, I.J.; Edwards-Jones, G.; Gibson, G.J.; Mcgregor, M.J.; Sutherland, A.; Dent, J.B.; Morgan, 
O.; Grieve, R. The Role of Attitudes and Objectives in Farmer Decision Making: Business and 
Environmentally-Oriented Behavior in Scotland. J. Agrincural Econ. 1999, 50, 286–303. 

41. Hansson, H.; Lagerkvist, C.J. Defining and measuring farmers’ attitudes to farm animal welfare. Anim. 
Welf. 2014, 23, 47–56, doi:10.7120/09627286.23.1.047. 



Animals 2020, 10, 1760 20 of 22 

42. Clark, B.; Stewart, G.B.; Panzonei, L.A.; Kyriazakis, I.; Frewer, L.J.A. Systematic Review of Public Attitudes, 
Perceptions and Behaviors Towards Production Diseases Associated with Farm Animal Welfare. J. Agric. 
Environ. Ethics 2016, 29, 455–478, doi:10.1007/s10806-016-9615-x. 

43. Zühlsdorf, A.; Spiller, A.; Gauly, S.; Kühl, S. How Important is the Topic of Animal Welfare to Consumers? 
Preferences, Responsibilities, Competencies and Policy Options. 2016. Available online: 
https://www.vzbv.de/sites/default/files/downloads/Tierschutz-Umfrage-Ergebnisbericht-vzbv-2016-
01.pdf (accessed on 5 June 2020). (In German). 

44. Lehberger, M.; Hirschauer, N. Recruitment problems and the shortage of junior corporate farm managers 
in Germany: The role of gender-specific assessment and life aspirations. Agric. Hum. Values 2015, 33, 611–
625. 

45. Ajzen, I.; Fishbein, M. Understanding attitudes and predicting social behavior. In Englewood Cliffs; Prentice-
Hall: Upper Saddle River, NJ, USA, 1980. 

46. Garforth, C.J.; Bailey, A.P.; Tranter, R.B. Farmers’ attitudes to disease risk management in England: A 
comparative analysis of sheep and pig farmers. Prev. Vet. Med. 2013, 110, 456–466. 

47. Bentler, P.M.; Speckart, G. Models of attitude-behavior relations. Psychol. Rev. 1979, 86, 452–464. 
48. Ouellette, J.A.; Wood, W. Habit and intention in everyday life: The multiple processes by which past 

behavior predicts future behavior. Psychol. Bull. 1998, 214, 54–74. 
49. Conner, M.; McMillan, B. Interaction effects in the theory of planned behavior: Studying cannabis use. Br. 

J. Soc. Psychol. 1999, 38, 195–222. 
50. Drake, C.R.; McCabe, M.P. Extrarelationship involvement among heterosexual males: An explanation 

based on the Theory of Planned Behavior. J. Appl. Soc. Psychol. 2000, 30, 1421–1439. 
51. Banfield, S.; McCabe, M.P. Extra relationship involvement among women: Are they different from men? 

Arch. Sex. Behav. 2001, 30, 119–142. 
52. Fricker, R.D.; Schonlau. M. Advantages and Disadvantages of Internet. Research Surveys: Evidence from 

the Literature. Field Methods 2002, 14, 347–367. 
53. Wright, K.B. Researching Internet-Based Populations: Advantages and Disadvantages of Online Survey 

Research, Online Questionnaire Authoring Software Packages, and Web Survey Services. J. Comput. Mediat. 
Commun. 2005, 10, doi:10.1111/j.1083-6101.2005.tb00259.x. 

54. Wagner, P.; Hering, L. Online-survey. In Handbook Methods of Empirical Social Research; Baur, N., Blasius, J., 
Eds.; Springer: Wiesbaden, Germany, 2014; pp. 661–673. (In German). 

55. Homburg, C.; Gierung, A. Conceptualization and operationalization of complex constructs. A Guide to 
Marketing Research. Mark. Zfp 1996, 18, 5–24. (In German). 

56. Hair, J.F.; Hult, G.T.; Ringle, C.M.; Sarstedt, M.; Richter, N.F.; Hauff, S. Partial least squares structural 
equation modeling (PLS-SEM). In An Application-Oriented Introduction; Franz Vahlen: München, Germany, 
2017; ISBN 3800653605; 9783800653607. (In German). 

57. Henseler, J.; Hubona, G.; RAY, P.A. Using PLS path modeling in new technology research: Updated 
guidelines. Ind. Manag. Data Syst. 2016, 116, 2–20. 

58. Henseler, J.; Ringle, C.M.; Sinkovics, R.R. The use of partial least squares path modeling in international 
marketing. In New Challenges to International Marketing. Advances in International Marketing; Sinkovics, R.R., 
Ghauri, P.N., Eds.; Emerald Group Publishing Limited: Bingley, UK, 2009; pp. 277–319, doi:10.1108/S1474-
79790000020014. 

59. Sarstedt, M.; Hair, J.F.; Ringle, C.M.; Thiele, K.O.; Gudergan, S.P. Estimation issues with PLS and CBSEM: 
Where the bias lies! J. Bus. Res. 2016, 69, 3998–4010. 

60. Diamantopoulos, A.; Siguaw, J.A. Formative versus Reflective Indicators in Organizational Measure 
Development: A Comparison and Empirical Illustration. Br. J. Manag. 2006, 17, 263–282. 

61. Hair, J.F.; Hult, G.T.; Ringle, C.M.; Sarstedt, M. A Primer on Partial Least Squares Structural Equation Modeling 
(PLS-SEM); Sage Publications: Los Angeles, CA, USA, 2016; Volume 2, pp. 1–384. ISBN 10 148337744X. 

62. Henseler, J.; Ringle, C.M.; Sarstedt, M. A new criterion for assessing discriminant validity in variance-based 
structural equation modeling. J. Acad. Mark. Sci. 2015, 43, 115–135, doi:10.1007/s11747-014-0403-8. 

63. Götz, O.; Liehr-Gobbers, K.; Krafft, M. Evaluation of Structural Equation Models Using the Partial Least 
Squares (PLS) Approach. In Handbook of Partial Least Squares: Concepts, Methods and Applications; Esposito 
Vinzi, V., Chin, W.W., Henseler, J., Wang, H., Eds.; Springer: Berlin, Germany, 2010; pp. 691–711. 



Animals 2020, 10, 1760 21 of 22 

64. Situation Report 2019/20: Employees, Trainees and Successors. Available online: 
https://www.bauernverband.de/situationsbericht-19/3-agrarstruktur/35-arbeitskraefte-auszubildende-
und-hofnachfolger (assessed on 9 June 2020). (In German). 

65. Statistical Offices of the Federation and the Federal States. Agricultural structures in Germany. Unity in 
diversity. Reg. Results Agric. Census 2010, 31–33. (In German). 

66. German Farmers’ Association. Agricultural Structure. 2020. Available online: 
https://www.bauernverband.de/fileadmin/user_upload/Kap3.pdf (assessed on 17 June 2020). (In German). 

67. Eisinga, R.; Grotenhuis, M.T.; Pelzer, B. The reliability of a two-item scale: Pearson, Cronbach, or Spearman-
Brown? Int. J. Public Health 2013, 58, 637–642. 

68. Hertel, M.; Menrad, K. Adoption of energy-efficient technologies in small and medium-sized enterprises—
A causal analysis using the horticultural sector as an example. Publ. Soc. Econ. Soc. Sci. Agric. 2014, 49, 319–
330. 

69. Fielding, K.; Terry, D.; Masser, B.; Hogg, M. Integrating social identity theory and the theory of planned 
behaviour to explain decisions to engage in sustainable agricultural practices. Br. J. Soc. Psychol. Soc. 2008, 
47, 23–48. 

70. Wellner, M.; Gers-Uphaus, A.; Theuvsen, L. Determinants of the Decision for Agricultural Public 
Relations—An Analysis Based on the Theory of Planned Behavior. In Proceedings of the 57th Annual 
Conference, German Association of Agricultural Economists (GEWISOLA), Weihenstephan, Germany, 13–
15 September 2017; doi:10.22004/ag.econ.262158. (In German). 

71. Munoz, C.A.; Coleman, G.J.; Hemsworth, P.H.; Campbell, A.J.; Doyle, R.E. Positive attitudes, positive 
outcomes: The relationship between farmer attitudes, management behaviour and sheep welfare. PLoS 
ONE 2019, 14, e0220455. 

72. Andreasen, S.N.; Sandøe, P.; Waiblinger, S.; Forkman, B. Negative attitudes of Danish dairy farmers to their 
livestock correlates negatively with animal welfare. Anim. Welf. 2020, 29, 89–98. 

73. Nolan, J.M.; Wesly Schultz, P.; Cialdini, R.B.; Goldstein, N.J.; Griskevicius, V. Normative social influence is 
underdetected. Personal. Soc. Psychol. Bull. 2008, 34, 913–923. 

74. Werner, M.; Wauters, E.; Bijttebier, J.; Steinmann, H.H.; Ruysschaert, G.; Knierim, A. Farm level 
implementation of soil conservation measures: farmers’ beliefs and intentions. Renew. Agric. Food Syst. 2017, 
32, 524–537, doi:10.1017/S1742170516000454. 

75. Ambrosius, F.H.W.; Hofstede, G.J.; Bock, B.B.; Beulens, A.J.M. Modelling farmer decision-making: The case 
of the Dutch pork sector. Br. Food J. 2015, 117, 2582–2597. 

76. Lohmöller, J.B. The PLS program system: Latent variables path analysis with partial least squares 
estimation. Multivar. Behav. Res. 1988, 23, 125–127, doi:10.1207/s15327906mbr2301_7. 

77. Vogelsang, F. The Sufficiency of the Theory of Planned Behavior in Predicting Behavioral Intentions: An 
Empirical Study Using the Example of the Intention to Choose the Career of Future Graduate Foresters. 
Ph.D. Thesis, Faculty of Mathematics and Natural Sciences, Dresden University of Technology, Dresden, 
Germany, 11 November 2003. (In German). 

78. Terry, D.J.; O’Leary, J.E. The theory of planned behaviour: The effects of perceived behavioural control and 
self-efficacy. Br. J. Soc. Psychol. 1995, 34, 199–220. 

79. Ajzen, I.; Madden, T.J. Prediction of goal directed behavior: Attitudes, intentions, and perceived behavioral 
control. J. Exp. Soc. Psychol. 1986, 22, 453–474. 

80. Manstead, A.S.R.; van Eekelen, S.A.M. Distinguishing between perceived behavioral control and self-
efficacy in the domain of academic achievement intentions and behavior. J. Appl. Soc. Psychol. 1998, 28, 
1375–1392. 

81. Armitage, C.J.; Conner, M. Distinguishing perceptions of control from self-efficacy: Predicting 
consumption of a low fat diet using the theory of planned behavior. J. Appl. Soc. Psychol. 1999, 29, 72–90. 

82. Armitage, C.J.; Conner, M. The theory of planned behavior: Assessment of predictive validity and 
‘perceived control’. Br. J. Soc. Psychol. 1999, 38, 35–54. 

83. Doll, J.; Petersen, L.E.; Rudolf, M. Determinants of Internet use by high school and university students—
An application of the theory of planned and role-driven behavior. Media Psychol. 2000, 12, 5–22. (In 
German). 

84. Dessart, F.J.; Barreiro-Hurlé, J.; van Bavel, R. Behavioural factors affecting the adoption of sustainable 
farming practices: A policy-oriented review. Eur. Rev. Agric. Econ. 2019, 46, 417–471, 
doi:10.1093/erae/jbz019. 



Animals 2020, 10, 1760 22 of 22 

85. Falk, R.; Miller, N. A Primer for Soft Modeling; The University of Akron Press: Akron, OH, USA, 1992. 
86. Hair, J.F.; Ringle, C.M.; Sarstedt, M. PLS-SEM: Indeed a silver bullet. J. Mark. Theory Pract. 2011, 19, 139–

151. 
87. Chin, W.W. The partial least squares approach to structural equation modeling. Mod. Methods Bus. Res. 

1998, 295, 295–336. 
88. Jonas, K.; Doll, J. A critical evaluation of the Theory of Reasoned Action and the Theory of Planned 

Behavior. J. Soc. Psychol. 1996, 27, 18–31. (In German). 
89. Verplanken, B.; Aarts, H. Habit, attitude, and planned behaviour: Is habit an empty construct or an 

interesting case of goal-directed automaticity? Eur. Rev. Soc. Psychol. 1999, 10, 101–134. 
90. Wellner, K.; Theuvsen, L.; Heise, H. The willingness of German farmers to participate in the Animal 

Welfare Initiative—What influences it? In Proceedings of the Conference Paper, German Association of 
Agricultural Economists (GEWISOLA), 59th Annual Conference, Braunschweig, Germany, 25–27 
September 2019; doi:10.22004/ag.econ.292274. (In German). 

91. Molnár, M.; Fraser, D. Protecting farm animal welfare during intensification: Farmer perceptions of 
economic and regulatory pressures. Anim. Welf. 2020, 29, 133–141. 

92. Heise, H.; Schwarze, S.; Theuvsen, L., II. 9 Economic effects of participation in animal welfare programmes: 
Does it pay off for farmers? Anim. Welf. 2018, 27, 167–179. 

93. Walder, P.; Sinabell, F.; Unterlass, F.; Niedermayr, A.; Fulgeanu, D.; Kapfer, M.; Melcher, M.; Kantelhardt, 
J. Exploring the relationship between farmers’ innovativeness and their values and aims. Sustainability 2019, 
11, 5571. 

94. Fielding, K.S.; Terry, D.J.; Masser, B.M.; Bordia, P.; Hogg, M.A. Explaining landholders’ decisions about 
riparian zone management: The role of behavioural, normative and control beliefs. J. Environ. Manag. 2005, 
77, 12–21. 

95. Lynne, G.D.; Franklin Casey, C.; Hodges, A.; Rahmani, M. Conservation technology adoption decisions 
and the theory of planned behavior. J. Econ. Psychol. 1995, 16, 581–598. 

96. Sheeran, P.; Webb, T.L. The Intention-Behavior Gap. Soc. Personal. Psychol. Compass 2016, 10, 503–518. 
97. Bauer, H.H.; Wölfer, H. Possibilities and Limits of Online Market Research; Institute for Market-Oriented 

Management, University of Mannheim: Mannheim, Germany, 2001. (In German). 
98. Büchi, M.; Just, N.; Latzer, M. Internet Use in Comparison: Socio-Demographic Differences in Five Countries; 

Swiss Society for Communication and Media Studies (SGKM) Annual Conference 2015: Bern, Switzerland 
2015. (In German). 

99. Dooley, L.; Kenny, B.; Cronin, M. Interorganizational innovation across geographic and cognitive 
boundaries: Does firm size matter? R D Manag. 2016, 46, 227–243. 

100. Beedell, J.D.C.; Rehman, T. Explaining farmers’ conservation behaviour: Why do farmers behave the way 
they do? J. Environ. Manag. 1999, 57, 165–175. 

101. Beedell, J.D.C.; Rehman, T. Using social-psychology models to understand farmers’ conservation 
behaviour. J. Rural Stud. 2000, 16, 117–127. 

102. Lokhorst, A.M.; Staats, H.; van Dijk, J.; van Dijk, E.; de Snoo, G. What’s in it for me? Motivational 
Differences between Farmers’ Subsidised and Non-Subsidised Conservation Practices. Appl. Psychol. 2011, 
60, 337–353, doi:10.1111/j.1464-0597.2011.00438.x. 

103. Mills, J.; Gaskell, P.; Ingram, J.; Dwyer, J.; Reed, M.; Short, C. Engaging farmers in environmental 
management through a better understanding of behavior. Agric. Hum. Values 2017, 34, 283–299, 
doi:10.1007/s10460-016-9705-4. 
 

 

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an 
open access article distributed under the terms and conditions of the 
Creative Commons Attribution (CC BY) license 
(http://creativecommons.org/licenses/by/4.0/). 

 


	1. Introduction
	2. Conceptual Framework
	3. Methodology
	3.1. Sampling and Study Design
	3.2. Analysis Methods
	3.3. Quality Criteria of the Measurement and Structural Model

	4. Results and Discussion
	4.1. Sample Description
	4.2. Evaluation of the PLS Path Model

	5. Conclusions
	Appendix A
	References

