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Understanding farmers' behavior regarding disease control is essential to successfully implement behavior change interventions that improve uptake of best practices. A literature review was conducted to identify theoretical underpinnings, analytical methodologies, and key behavioral determinants that have been described to understand farmers' behavior in disease control and prevention on cattle farms. Overall, 166 peer-reviewed manuscripts from studies conducted in 27 countries were identified. In the past decade, there were increasing reports on farmers' motivators and barriers, but no indication of application of appropriate social science methods. Furthermore, the majority (58%) of reviewed studies lacked a theoretical framework in their study design. However, when a theoretical underpinning was applied, the Theory of Planned Behavior was most commonly used (14% of total). The complexity of factors impacting farmers' behavior was illustrated when mapping all described key constructs of the reviewed papers in behavior change frameworks, such as the socioecological framework and the Capability, Opportunity and Motivation Behavior (COM-B) model. Constructs related to personal influences and relationships between farmers and veterinarians were overrepresented, whereas constructs related to other interpersonal and contextual environments were not extensively studied. There was a general lack of use of validated scales to measure constructs and empirically validated theoretical frameworks to understand and predict farmers' behavior. Furthermore, studies mainly focused on measurements of intention of stakeholder behavior rather than actual behavior, although the former is a poor predictor of the latter. Finally, there is still a lack of robust evidence of behavior change interventions or techniques that result in a successful change in farmers' behavior. We concluded that for a sustainable behavior change, studies should include wider constructs at individual, interpersonal, and contextual levels. Furthermore, the use of empirically validated constructs and theoretical frameworks is encouraged. By using coherent frameworks, researchers could link constructs to design interventions, and thereby take the first step toward theory-driven, evidence-based interventions to influence farmers' behavior for disease control.
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INTRODUCTION

Although evidence-based practices are available to prevent and control most diseases affecting domestic farm animals, economic losses due to animal health issues remain substantial (1). Researchers emphasize the importance of risk factors related to numerous cattle diseases, but on-farm understanding and implementation of disease prevention and control measures is often suboptimal [e.g., (2–4)]. For example, only 27% of producers in north-west England described biosecurity in relation to the management of pathogens or diseases on farms. Although farmers reported biosecurity measurements to be useful, many farmers did not actually apply them (2). Additionally, despite comprehensive extension efforts and low costs to producers, 35% of Alberta's dairy farms were not enrolled in the voluntary Johne's disease control program initiated in 2012 (5). It was previously assumed that decision-making processes were mainly driven by aspects related to financial costs and benefits. However, there is increasing evidence that decisions are also influenced by a variety of additional factors, e.g., farmers' perceived risk, perceived knowledge, perceived control, incentivization, emotions, and normative beliefs (6–10). Therefore, better understanding of farmers' processes of decision-making regarding disease control on cattle farms is necessary to understand suboptimal implementation of best practices. Also, to design and implement successful behavioral change intervention studies, better understanding of farmers' behavioral influences is crucial.

Failure to implement evidence-based risk mitigating practices was also noticed regarding human health measures (11, 12). Disciplines such as sociology, anthropology, health psychology, and economics provide insights into factors that impact behavior. Social science approaches in veterinary epidemiology are increasingly recognized to understand the impact of stakeholders' behavior on disease control. Nevertheless, knowledge is still lacking on theoretically underpinned key determinants impacting whether farmers adopt practices that are important to prevent and control cattle diseases (13). Explicit use of theory can help to identify influences on behavior change, understand mechanisms of change, and inform implementation of interventions (14). However, interventions are often developed without a systematic method and without reference to evidence or to theories produced by behavioral or social sciences (12).

Also, current veterinary epidemiological infectious disease transmission models often fail to incorporate behavior constructs and simply assume homogeneity in farmers' behavior (13). However, human behavior is influenced by a variety of factors and individual farmers are likely to respond differently in their evaluation of risk and whether to apply a disease control measure, with important consequences for disease transmission. The recent COVID-19 pandemic highlighted that social aspects are important drivers for local and global variations in disease dynamics and burdens (15). Therefore, a better understanding of important constructs that influence farmers' behavior would facilitate incorporation of human factors in epidemiological disease models, and eventually improve predictions and results.

The aims of this review were to: (1) explore the use of psychosocial theory, sociological approaches, and analytical methodologies in research studying farmers' behavior in the context of cattle disease control; and (2) map the identified key constructs into comprehensive behavioral frameworks.



MEASURING FARMERS' BEHAVIOR

A strong theoretical framework should reveal existing predispositions about a study and can assist in data coding and interpretation (16). Generally, a theory is an organization of many ideas with a high degree of explanatory power that provides guidance regarding methods that will answer the research question. Moreover, theories explain difficult social interactions and phenomena and enable the explanatory process to become more explicit (16).

Psychology and rural sociology with various theoretical lenses are two common and widely used disciplines that have contributed toward understanding behavior in health allied fields and agriculture, especially farmers' behavior. Although other disciplines, e.g., anthropology and economics, have also contributed to the field, those are beyond the scope of this review. Below we describe psychosocial theories and rural sociology concepts.


Psychosocial Theories and Approaches

Theory in the context of human behavior indicates why, when and how a behavior does or does not occur (12). Furthermore, theories identify determinants of influence to be targeted to alter behavior and they reflect integrated knowledge about relevant mechanisms of action and moderators of change of behavior.

Davis et al. (17) identified 82 health psychology theories for describing human behavior. Every theory consists of various key constructs, i.e., specialized terms, to label the theory's elements (18). The ‘Theory of Planned Behavior’ (TPB) (19), an extension of the ‘Theory of Reasoned Action’ (20) is the most commonly used psychosocial theory in human health (21). A central factor in TPB is an individual's intention to perform a given behavior, because it is assumed that intention captures motivational factors that influence a behavior (19). The TPB consists of three conceptually independent determinants of intention. The first is ‘attitude toward the behavior,’ referring to the degree to which a person has a favorable or unfavorable appraisal of the behavior in question (19). Secondly, ‘subjective norms’ refer to perceived social pressures toward a certain behavior, and thirdly, ‘perceived behavioral control’ refers to the perceived ease or difficulty of performing a behavior. The latter includes a reflection on past experiences as well as anticipated impediments and obstacles (19).

According to a systematic review (22), the other most common theories used in human health behavior include the Transtheoretical Model (23), the Social Cognitive theory (24), and the Health Belief Model (25). The Transtheoretical Model conceptualizes behavior change as a process involving a series of six distinct stages: pre-contemplation, contemplation, preparation, action, maintenance, and termination. The Social Cognitive theory (24) states that behavior is influenced directly by goals and self-efficacy expectations and indirectly by self-efficacy, outcome expectations, and sociostructural factors. The Health Belief Model (25) hypothesizes that health-related behavior depends on a combination of perceived susceptibility, perceived severity, perceived benefits, perceived barriers, cues to action, and self-efficacy. These theories include overlapping constructs such as results expectancies, i.e., beliefs about the behavior and expectations for the results of the behavior (21). Additionally, overlap in self-evaluation occurs, described as the individual's subjective evaluation of the amount of control and competency to engage successfully in a behavior. Finally, there is an overlap in social factors, regarded as the influences of other people on behavior change (21).

It is noteworthy that these health psychology theories are mainly driven by an individuals' cognitive processes and actions and individual-level factors (as above) relating to motivation and capability (17, 26). Limited attention has been given to ‘external influences’ and wider interpersonal factors that shape outcomes and behaviors.

In contrast to psychological theories, sociological approaches focus predominantly on the context in which people live and interact. They consider behavior as an outcome of complex inter-relationships and shared social practice. Theories such as social practice theory (27) and the normalization process theory (28) are some dominant approaches in the rural sociology for incorporating impacts of social contexts to understand behavior (29, 30). Also approaches exploring the role of cultural scripts (31), the concept of capital, habitus and field (32, 33) and the identity and lay-expert knowledge reflexivity are often applied for incorporating social contexts to understand behavior (29, 30).

Use of various psychosocial theories can help us to understand key constructs driving behaviors. Although review manuscripts regarding farmers' behavior have been published in the scientific literature (4, 34, 35), there is no comprehensive review assessing what, if any, psychosocial theories have been applied and what constructs or factors were identified.



Comprehensive Frameworks and Tools for Behavior and Behavior Change

Given the complexity of behavior and behavior change, there have been attempts to develop comprehensive frameworks that can guide research, intervention design, and assist non-experts such as policymakers to understand human behavior. Two such widely cited frameworks are the social ecological framework or model (SEM) (36) and Behavior Change Wheel (BCW) (26).

The SEM is based on the previously developed ecological systems theory by Bronfenbrenner (36). SEM provides a holistic multilevel framework that considers the complex interplay among personal, interpersonal, and contextual environments to understand behavior (37). The SEM contextualizes behavior of individuals using various dimensions. These dimensions include personal (e.g., knowledge, attitudes, behavior), interpersonal (e.g., social networks, social supports), community (e.g., relationships among organizations/institutions), and public policies (e.g., local, state, and national laws) and how these factors interplay with each other (38). The SEM has been widely used for health promotion since the 1980s (39).

Whilst the purpose of the SEM is having broad inclusion of constructs that impact behavior, more recently developed frameworks tend to not only focus on identifying influences on behavior change, but also on understanding mechanisms of change and implementation of interventions. The BCW, which is linked to the Capability-Opportunity-Motivation (COM-B) model of behavior and is derived from human health research, is an example of such a framework (Figure 1). COM-B, designed by Michie et al. (26), consolidates the overlapping constructs of various theories. It provides a systematic way of characterizing interventions that enable their outcomes to be linked to mechanisms of action (12). The BCW is a synthesis of 19 health psychology theories and frameworks and includes the assumption that behavior is not only driven by beliefs and perception, but also by unconscious biases, mental shortcuts, and physical and contextual environments (12). The BCW consists of three layers: the hub of the wheel [the Capability-Opportunity-Motivation Behavior (COM-B) model], an intervention layer with nine functions, and a policy layer with seven categories (Figure 1). The hub of the wheel identifies the three constructs of behavior systems that could prove to be targets for intervention (12). “Capability” is subdivided into psychological capability and physical capability. “Opportunity” can be subdivided into social and physical opportunity, and “motivation” into automatic and reflective motivation. All three constructs (capability, opportunity, and motivation) are conceptualized as being essential for behavior (12). The BCW was successfully used in human health interventions to change human behavior [e.g., (40, 41)]. To successfully apply this method, it is crucial to be specific about the target group and its behavior.


[image: Figure 1]
FIGURE 1. Behavior change wheel (26).


The COM-B model and SEM enable exploring constructs that are not only related to the individual context but are also inclusive of broader contextual and social constructs. Therefore, by targeting interventions on various levels, we assume these frameworks to be more suitable for sustainable behavior change than frameworks that do not enable contextual and social constructs.

Understanding broader and complex behavioral structures is necessary before behavioral changes can be made, but also before key constructs of behavior can be incorporated into any animal disease prevention and control models. There is very limited work in the veterinary domain to design and test theory-informed behavior interventions (42).

In addition to choosing the appropriate theory or framework to successfully understand behavior, it is crucial to use robust design and data collection methodologies, including validity of questions or scales to measure constructs and/or behavior.



Data Collection Approaches to Measure Attitudes, Beliefs, Perceptions, and Behaviors
 
Quantitative Methods

The purpose of quantitative research is to explain a phenomenon by the collection of numerical data that are analyzed by mathematical based methods and statistical approaches (43). Quantitative data help us to establish trends in the population and establish generalizability of the finding (44). Surveys are the most popular and widely used method to capture information on attitudes and behaviors. Most commonly, these surveys are deployed in a cross-sectional study design. Data on attitudes could be collected also using longitudinal study design where surveys and questionnaires can be used to track responses over time, e.g., by asking the same questions at various time points, or they can compare differences across space, e.g., by asking the same questions in different countries using, for example, the British Social Attitudes Survey (45) and European Social Survey (46). Finally, case-control studies could be also conducted to compare attitudes of two group. Attitudes are generally measured by a series of statements evaluated by Likert-scales, which uses five or six levels of agreement/disagreement. Another method used is the semantic differential scale, pairs of opposite concepts (e.g., strong/weak; democratic/authoritarian). The space between opposites is graded from a low e.g., 0 or 1 (expressing the lowest evaluation) to a high number e.g., 5 or 6 (representing the highest evaluation) (47). After developing and validating the scale, data analysis begins by a statistical or empirical validation with the collected quantitative data from a survey by employing statistical techniques to ensure construct reliability and validity. Examples are explanatory factor analysis (mainly done for new scales), confirmatory factor analysis (48), confirmatory composite analysis (utilizing structural equational modeling technique) (49), Cronbach Alpha (50) and item response theory (51). Further analysis linking these constructs and behavior is conducted using for example regression techniques and latent class models (10, 52).



Qualitative Methods

Qualitative approaches are most useful for providing rich contextual subjective information about people's feelings, emotions, perceptions, and attitudes. Sometimes, a qualitative approach is used as part of an empirical process of designing appropriate measurement scales. Common approaches to obtain qualitative data from study populations include in-depth interviews, focus groups, expert panels (53, 54) and ethnographies. Often, data collection occurs via audio recordings and these recordings are transcribed and analyzed. Thematic analysis, commonly employed for qualitative data analysis, could either be done deductively or inductively (55). In deductive analysis, themes or key categories are already defined before the analysis, e.g., script theory or Bourdieu concepts of field, capital, or COM-B model. An inductive approach is where categories are derived from the data, and new theories or hypotheses are developed. Grounded theory methodology (56), exclusively used for qualitative research, involves collecting and analyzing data (constant comparison) to formulate a theory.

Rich and thick descriptions are at the cornerstone of qualitative research; however, if there is no strong framework, the details may devolve into a story that is difficult to transfer and understand (16).



Mixed Methods

A mixed method combines elements of qualitative and quantitative research approaches for the purposes of breadth and depth of understanding, corroboration, and triangulation (57). It has been proposed that “triangulation,” which uses multiple data sources, helps increase the validity, strengths, and interpretative potential of a study (58). When using qualitative and quantitative methods to answer the same research question, emphasis should be on convergence, divergence, complementary and expansion of results (9, 59). Convergence means results from two methods being similar, whereas divergence means results from two methods being different (59). Complementary means results are different and not overlapping, and expansion refers to results having overlapping themes but non-overlapping interpretations (59, 60).





REVIEW: SOCIOLOGICAL RESEARCH IN CONTROL OF CATTLE DISEASES


Search Strategy

PubMed and Web of Science were screened on 26 October 2020 for potentially relevant articles. We developed a search strategy consisting of relevant keywords describing the following themes: farmer, veterinarian, behavior/behaviour, perception, attitude, beliefs, and disease control. The broad themes were combined into a single query. A search containing the following words was conducted:

(farmer*or producer*or veterinarian* or veterinary or vet or vets) AND (cattle or beef or dairy or cow*or calf or calves or heifer*) AND (belie*or behaviour*or behavior*or attitude*or perception* or driver*or barrier*or enabler*or motivat*) AND (manag*or control*or implement*or uptake or prevent* or use*or usage*).

As an additional analysis, influences of veterinarians on farmers were explored, as veterinarians are deemed to be very important in farmers' decision making. Therefore, studies focusing on veterinarians' behavior were also assessed for eligibility. Although no limits on publication date nor language were applied during our initial screening, only English and Dutch articles were considered for full-text reviewing. Queries were adapted to database-specific terms, as deemed necessary. Using these search criteria, 6,667 manuscripts were identified in both databases, and after duplicate removal, abstracts of 5,134 manuscripts were screened. For inclusion in the final review, we formulated additional criteria: (1) the subject of the study had to be related to prevention or control of cattle disease; and (2) the study should have a focus on behavioral key constructs of farmers. Finally, reference lists from all articles included in this review were reviewed for potential inclusion (Table 1).


Table 1. Inclusion criteria.

[image: Table 1]

Eight additional manuscripts, identified by screening reference lists of included manuscripts, were eligible according to the inclusion criteria and were included in the full text screening. After applying all criteria, 166 manuscripts remained for full text screening (Figure 2). The web-based software Covidence® (61) was used for screening and data extraction. Screening and data extraction was conducted by the first author and discussed in detail with author JK after each phase. The 166 identified manuscripts are included in the Supplementary Material.


[image: Figure 2]
FIGURE 2. Prisma flow-chart of included articles.





FINDINGS ON FARMERS' BEHAVIOR IN RELATION TO DISEASE CONTROL ON CATTLE FARMS


Themes of Disease Control and Countries

The search criteria led to the inclusion of 166 manuscripts, of which 133 studied farmers' behavior, 13 a combination of farmers' and veterinarians' behavior, and 20 studied only veterinarians' behavior. Results of the 20 studies on veterinarians' behavior will be presented independent from all other results. In the 146 remaining studies, 24 themes of disease prevention and control were identified, with the most intensively studied theme being the application of biosecurity measures (n = 22; 15%) and bovine paratuberculosis (Johne's disease) (n = 22; 15%), followed by behavior related to use of antimicrobials and prescriptions for antimicrobials by farmers and veterinarians (n = 20; 14%), and mastitis (n = 19; 13%) (Table 2). The relatively large number of studies on antimicrobial use and antimicrobial resistance was attributed to emergence of antimicrobial resistance in human and animal health (62), and regulations to decrease antimicrobial use (63).


Table 2. Manuscripts (N = 146) describing farmers' behavior regarding animal disease prevention and control.

[image: Table 2]

Manuscripts that studied farmers' behavior within cattle disease prevention and control were identified from 27 countries worldwide (Figure 3). Researchers from the United Kingdom published the most manuscripts (n = 35), followed by researchers from the Netherlands (n = 15), Canada (n = 13), and the USA (n = 13). Researchers from six African countries published a total of 11 manuscripts; researchers from five Asian countries published nine manuscripts, and South American researchers published one manuscript originating from Brazil. In Europe, research in this area was mainly done by researchers from north-western European countries (Figure 3). Specifically, European countries were Belgium (n = 6), Denmark (n = 5), France (n = 4), Germany (n = 3), Ireland (n = 6), Spain (n = 3), Sweden (n = 9), Switzerland (n = 4) and a combination of the Nordic countries (n = 1). Some publications were a result of a collaboration of researchers and data from more than one country.


[image: Figure 3]
FIGURE 3. Worldwide distribution of manuscripts on farmers' behavior concerning cattle disease prevention and control.




Trend Over Time, Theoretical Underpinning and Methodological Approaches

The first manuscript identified was published in 1995 by Australian authors (64). The increased appreciation of social science studies in the veterinary field is substantiated by the total number of manuscripts published between 1995–2009 (n = 15), 2010–2014 (n = 34) and 2015–2019 (n = 97) (Figure 4; IRR = 2.6, P < 0.001).


[image: Figure 4]
FIGURE 4. Manuscripts about farmers' behavior regarding cattle diseases published (Pubmed or Web of Science) between 1995–2020, and the subset based on a theoretical underpinning.


Although application of social sciences in farmers' behavior studies has increased, between 2008 and 2020, the average percentage of manuscripts that applied a theory varied from 17 to 89% per year (Figure 4). Overall, 58% of the published studies lacked any theoretical underpinning. Therefore, there is a lack of theory-informed tools to research in farmers' behavior related to cattle disease prevention and control. The percentage of studies based on theory increased from 2012 until 2014, relative to the period until 2011 (OR = 3.5, P = 0.04). However, in the years thereafter (2015–2018), this percentage tended to decrease compared to 2012–2014 (OR = 0.42, P = 0.09). The number of manuscripts based on theory in 2019–2020 did not differ from 2015 to 2018 (P = 0.90) (Figure 4). Not all manuscripts of 2020 could be included in our review (search date October 26th), but it seems unlikely that the current percentage of 29% will increase substantially when the search term is used again. Reasons for the declining percentage of theoretical underpinned veterinary research remains unclear. It might be related to challenges of interdisciplinary research, and that most research on theories is published in sociological journals, which likely have limited veterinary readership. Presumably dissemination of developments in social science research to veterinary research is limited or at least suboptimal. Further, use of inductive approaches are a common feature of qualitative studies and half (51%) of the qualitative studies in the review were identified as exploratory. However, in studies using quantitative or mixed methods, 61 and 62%, respectively, lacked use of a theory.

The most frequent theoretical underpinning was based on the TPB (14%). The TPB “surge” was also noticed in the human health studies but occurred a decade before the TPB “surge” in farmers' behavior studies, with the main increase between 1997 and 2012 (21). A critical limitation of the TPB is that it is unable to explain sufficient variability in the data (65). For example, in human health studies, the TPB explained 39% of the variance in intentions but only accounted for 27% of human behavior variance (66). Another concern about the TPB is its utility, as it fails in the primary function of a theory; namely, it does not accurately communicate accumulated empirical evidence and therefore does not enable practitioners to develop helpful interventions (Sniethotta et al., 2014). The TPB is more useful for predicting self-assessed behavior than objective measurement of behavior and predicts behavior better in the short vs. long term (21). In human health studies, there is a shift to frameworks that are composite of theory domain frameworks and are better for understanding and changing behavior, such as the COM-B model (26).

The second most used method in these studies was the grounded theory (8%). The overall aim in grounded theory is to generate theories inductively by collecting data about a phenomenon, identifying key elements, and categorizing the relationship of those elements to each other (67). However, only 4 of the 11 manuscripts based on grounded theory ultimately mentioned the development of own theory, indicating failure to ensure that the analysis moved beyond narrative description to generate theoretical concepts (67). This finding illustrates that the theoretical and philosophical underpinning of grounded theory was often not completely understood.

Health psychology theories and constructs are validated in human health research, but there is limited evidence of measurement scale validation and very few have been statistically validated in the context of animal health (68–70). In the reviewed work, there was a lack of confirmatory factor analysis testing theories and constructs. Human health and animal health environments differ considerably. Although farmers make decisions concerning themselves, similar to human health, they also make decisions that affect their animals and business. Therefore, it might be that these theoretical constructs may have even less explanatory value in the context of management of animal health. This hypothesis needs to be explored further.



Methods of Data Collection

Data were collected quantitatively in 51% of the studies, while in 29% of the studies, data were collected qualitatively. A mixed approach was used for the remaining 20% (Table 2). Questions to determine farmers' perceptions, beliefs, and attitudes were often measured with 5 or 6-point Likert scales. For countries that published ≥5 manuscripts, quantitative or mixed approaches were more often used, except for India and Canada, where data were mostly collected qualitatively (Table 3). Researchers from Scandinavian countries and the United Kingdom used qualitative and quantitative methods with approximately equal frequency.


Table 3. Manuscripts (%) with quantitative, qualitative or a mixed method approach to collect data per countrya that published at least five manuscripts.
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Key Behavioral Constructs

To illustrate the complexity of factors impacting farmers' behavior, and the consequences of the lack of theoretical underpinning, key behavioral constructs of farmers' behavior related to cattle disease prevention and control were determined per study and summarized according to the SEM and the BCW of the COM-B model.


Social-Ecological Model

Each of the constructs identified in our review was assigned to the personal, interpersonal, and contextual environments of SEM (Table 4). Mainly, constructs were related to individual influences (N total mentioned = 608). Determinants related to these constructs are individual beliefs on cost-benefits, perceived risk (perceived), knowledge, and perceived control, but also beliefs about what others think. Constructs related to the interpersonal and contextual influences were mentioned less often (173 and 172 times, respectively). Constructs of the interpersonal influence consisted mainly of relationships with the veterinarian, peers, family, and employees. Constructs of the contextual influences were mentioned less frequently, but there was a huge variety of contextual influences in relation to farmers' decisions. This finding was not surprising, as contextual factors are likely to vary among countries with distinct legislations, industry initiatives, rewards and penalties related to disease control.


Table 4. Summary of farmers' behavior constructs described in 146 peer-reviewed studies related to cattle disease prevention and control and indexed in Pubmed and Web of Science.

[image: Table 4]

Although most reported constructs belonged to the personal environment, it cannot be concluded that these factors are most important. Most likely, constructs belonging to the interpersonal and contextual environment were not extensively studied due to the limitations mentioned earlier in research methods used to study farmers' behavior. A drawback from focusing mainly on individual influences on behavior, is that understanding of more complicated and complex social, economic, and political influences remains unexplored (8, 71).



COM-B

Each of the constructs identified in our review was assigned to one of the COM-B components: physical capability, psychological capability, physical opportunity, social opportunity, reflective motivation, or automatic motivation (Table 5). The large number of constructs identified illustrated the complexity of factors impacting farmers' behavior.


Table 5. Summary of constructs of farmers' behavior described in 146 reviewed studies related to cattle disease control mapped in a COM-B model and indexed in Pubmed or Web of Science.

[image: Table 5]

The majority of the manuscripts indicated multiple components of the relationship between farmers and veterinarians (social opportunity). Moreover, the perceived risk of farmers, their (perceived) knowledge, perceived control (perceived), cost-benefits, relationship with peers and advisors, and previous experience were recurrent determinants that were reported to influence farmers' decision-making process. Most determinants were related to reflective motivation or physical opportunities (Table 5). Opportunities can influence motivation, emphasizing the importance of assessing interconnectedness of these constructs.

As illustrated from the BCW, interventions only related to farmers' ‘education’ to drive behavior change will have very limited impact. Given the range of constructs impacting behavior change, there is more need to test a wide range of interventions including persuasion, and incentivization, changes to environment/social contexts, marketing and communication (12). Interestingly, although constructs of automatic motivation have a substantial influence on human behavior, very few determinants have been identified in veterinary studies (10).

Also, although the results of mapping farmers' behavior based on the COM-B model indicated a wider range of constructs, we cannot state which component had the most influence, due to variations in study designs and because most studies were cross-sectional.




Influence of the Veterinarian

In 73 of the farmers' behavioral studies, originating from 18 countries, components of the farmer-veterinarian relationship were explored. The likely large influence of veterinarians on farmers' behavior was also supported by the reviewed literature; veterinarians are often regarded as the primary source of information on animal health and disease control (68, 72–76). It is, therefore, important to consider influences of veterinarians on farmers' decision-making processes. To achieve a better understanding of veterinarians' behavior, a subset of 20 veterinarians' behavior studies was explored. Veterinarians' behavior was studied in 12 countries, including the United Kingdom (N = 4), the USA, Canada, the Netherlands, Sweden, Switzerland (N = 2 per country), Belgium, Ireland, Australia, Argentina, Italy, and Peru (N = 1 per country). The first manuscript was published in 2009 by US authors (77). Themes studied were mainly related to antimicrobial use or attitude toward antimicrobial resistance (39%) and perception of on-farm biosecurity (28%).

More often, constructs mentioned were related to the personal environment (N total mentioned = 103), than to the interpersonal or contextual environment (N total mentioned = 27 and 27, respectively). There was a limited list of contextual factors influencing veterinarians' behavior, perhaps due to harmonization of practice standards or accreditation requirements under which veterinarians operated (Table 6). Personal determinants listed include veterinarians' own beliefs and perceptions as well as how they perceived farmers. Based on the evidence, we inferred that how veterinarians frame barriers to disease control differed from how farmers frame these barriers; unlike farmers, veterinarians put more emphasis of individual and interpersonal factors, as was apparent in the review (8). To adapt to changing policy and practice environments, veterinary practitioners must more effectively blend scientific and evidence-based approaches to veterinary care with the pragmatic concerns facing farmers by fully understanding farmers' determinants of disease control (8, 78).


Table 6. Summary of veterinary behavior constructs described in 20 peer-reviewed studies related to cattle disease prevention and control and indexed in Pubmed or Web of Science.
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CONCLUSION AND RECOMMENDATIONS

The aims of this review were to explore the use of psychosocial theory, sociological approaches, and analytical methodologies in research studying farmers' behavior. We focused on the context of cattle disease control, determined key constructs and where they mapped in recently developed behavior change frameworks. Our review indicated key gaps in the current published research. Firstly, there was limited use of theoretical underpinning or explicit theory when aiming to understand farmers' behavior. Furthermore, there was little evidence to validate any of the determinants related to farmers' behavior in cattle disease prevention and control or any interventions that lead to behavior change. To successfully change farmers' behavior, it is essential to understand influences on behavior, behavioral change mechanisms and implementation of interventions. Moreover, these understandings are crucial for knowing which theories are effective in veterinary epidemiology and ultimately for incorporating a human behavioral factor in infectious disease modeling. The explicit use of theory can promote understanding of complex behavioral structures. Additionally, our review indicated the complexity of constructs with effects at individual, interpersonal and contextual levels related to capability, motivation, and opportunity. Published studies have mostly focused on constructs at individual levels. Therefore, it is recommended that for a sustainable behavior change, studies should include wider constructs at individual, interpersonal and contextual levels. Also, interdisciplinary research involving persons specialized in applying social science techniques and associated analytical methods are key. The resulting constructs could subsequently be linked to interventions and be the first step toward theory-driven evidence-based interventions to influence farmers' behavior for disease control.
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