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Supplementary Table 1. The survey items loaded onto each COM-B factor 

Factor Item 

Psychological capability 
α = 0.73 

I know how to control infectious disease in my cattle 
I know why it is important to control infectious disease in my cattle 
I understand most advice I receive about infectious disease in cattle 

Physical opportunity 
α = 0.56 

I do not have the time to control infectious disease in my cattle - 
Controlling infectious disease costs too much money - 

Social opportunity 
α = 0.53 

Most farmers I know are controlling infectious disease in their cattle 
I find it difficult to raise the subject of infectious disease in my cattle with other farmers - 
My vet helps me control infectious diseases in my cattle 
Government policy helps me control infectious disease in my cattle 
Other farmers help me achieve control of infectious disease in my cattle 
I find it difficult to raise the subject of infectious disease in my cattle with vets - 
I find it difficult to raise the subject of infectious disease in my cattle with governmental organizations - 

Automatic motivation 
α = 0.76 

I worry about getting infectious diseases in my cattle 
I feel good about myself when I control infectious disease in my cattle 
I want to control infectious diseases for the sake of my herd 
Controlling infectious diseases in my cattle is part of my routine 

Reflective motivation 
α = 0.81 

I have infectious disease goals that I want to achieve for my herd 
I want to control infectious disease in my cattle 
There are many benefits to controlling infectious disease in cattle 
It is not my responsibility to control infectious disease in my cattle - 
I have a plan for controlling infectious disease in my cattle 

α = Cronbach’s alpha, - = item negatively loads onto factor 
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Supplementary Table 2. The results of univariable multinomial models of five BVD control classes explained by farmer 
demographic variables 

Ref = Doing little 
Closed, separate and 

testing 
 Vaccinating and testing  

Careful introducing new 
stock and testing 

 
Careful introducing new 

stock, separate, 
vaccinating and testing 

 OR 95% CI P value  OR 95% CI P value  OR 95% CI P value  OR 95% CI P value 

Beef and Dairy 
Ref = Beef only 

4.65 1.62-13.35 0.004  4.56 1.71-12.15 0.002  0.82 0.26-2.63 0.745  0.83 0.30-2.31 0.724 

Dairy only 
Ref = Beef only 

9.18 3.14-26.88 <0.001  9.96 3.61-27.46 <0.001  0.71 0.19-2.60 0.602  1.57 0.56-4.41 0.394 

England 
Ref = Not England 

0.13 0.03-0.59 0.008  0.17 0.04-0.74 0.018  0.10 0.02-0.46 0.003  0.11 0.03-0.47 0.003 

South 
Ref = North 

1.36 0.56-3.33 0.496  0.53 0.25-1.13 0.101  1.53 0.60-3.86 0.370  0.76 0.36-1.60 0.468 

South (exc. South west) 
Ref = North 

1.10 0.47-2.62 0.821  0.49 0.22-1.07 0.075  0.86 0.37-2.01 0.730  0.39 0.18-0.85 0.017 

South west 
Ref = North 

1.45 0.53-3.95 0.470  0.89 0.36-2.20 0.799  0.86 0.31-2.40 0.775  0.63 0.26-1.53 0.307 

Farmer aged 40-49 
Ref = Under 40 

0.97 0.25-3.85 0.968  0.85 0.25-2.95 0.801  0.95 0.23-3.88 0.948  1.39 0.42-4.66 0.593 

Farmer aged 50-59 
Ref = Under 40 

0.53 0.18-1.61 0.263  0.44 0.17-1.19 0.106  0.53 0.17-1.62 0.263  0.47 0.18-1.25 0.129 

Farmer aged 60-69 
Ref = Under 40 

1.28 0.39-4.24 0.682  0.75 0.25-2.27 0.616  1.21 0.36-4.09 0.760  1.08 0.36-3.19 0.893 

Farmer aged over 70 
Ref = Under 40 

0.42 0.09-1.83 0.246  0.35 0.09-1.26 0.108  1.09 0.29-4.12 0.898  0.54 0.16-1.85 0.325 

Farmer age 0.99 0.97-1.02 0.699  0.98 0.96-1.01 0.208  1.01 0.98-1.04 0.540  0.99 0.97-1.02 0.522 

Herd health visits 
Ref = No 

13.12 5.48-31.40 <0.001  6.09 2.95-12.57 <0.001  1.97 0.90-4.28 0.088  6.39 3.16-12.94 <0.001 

House for > 5 mths 
Ref = ≤ 5 mths 

1.14 0.55-2.36 0.719  2.37 1.22-4.59 0.011  0.85 0.41-1.77 0.657  1.91 1.01-3.61 0.046 

Sell to other farmers 
Ref = No 

2.91 1.20-7.06 0.018  1.01 0.50-2.02 0.980  1.51 0.68-3.36 0.307  1.94 0.96-3.93 0.065 

Ref = reference category, OR = Odds Ratio, 95% CI = 95% Confidence Intervals 
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Supplementary Table 3. The results of univariable multinomial models of five BVD control classes explained by farmer 
psychological constructs 

Ref = Doing little 
Closed, separate and 

testing 

 
Vaccinating and testing 

 
Careful introducing new 

stock and testing 

 Careful introducing new 
stock, separate, 

vaccinating and testing 
 OR 95% CI P value  OR 95% CI P value  OR 95% CI P value  OR 95% CI P value 

Prosocial or Altruistic 
Ref = Competitor/Individualistic 

1.76 0.70-4.40 0.228  1.19 0.54-2.64 0.661  2.42 0.90-6.48 0.080  1.63 0.74-3.56 0.223 

Social value orientation (degrees) 1.03 1.00-1.06 0.076  1.01 0.99-1.04 0.324  1.03 1.00-1.06 0.065  1.02 1.00-1.05 0.048 

Generous self-orientated mutual benefit 
Ref = Homo economicus (Selfish) 

1.40 0.55-3.53 0.480  1.19 0.53-2.66 0.676  0.95 0.37-2.42 0.914  1.89 0.85-4.16 0.116 

Mutually beneficial joint maximiser 
Ref = Homo economicus (Selfish) 

2.91 0.86-9.86 0.087  1.34 0.41-4.30 0.628  3.61 1.12-11.61 0.031  3.13 1.04-9.45 0.043 

Self-orientated, mutual benefit 
Ref = Homo economicus (Selfish) 

2.79 0.74-10.58 0.130  2.31 0.68-7.80 0.177  1.19 0.28-5.10 0.817  3.77 1.15-12.41 0.029 

Controlling disease for self and others 3.12 1.98-4.94 <0.001  1.79 1.28-2.49 0.001  1.42 1.01-1.98 0.042  2.96 2.04-4.30 <0.001 

Reluctant altruism 1.14 0.76-1.70 0.538  1.03 0.71-1.50 0.863  0.89 0.59-1.34 0.568  1.79 1.24-2.58 0.002 

Trust in farmers 0.44 0.28-0.68 <0.001  0.77 0.51-1.18 0.230  0.78 0.50-1.23 0.293  0.53 0.35-0.80 0.002 

Trust in vets 1.44 0.98-2.12 0.061  1.42 1.01-2.01 0.045  1.10 0.77-1.57 0.602  1.49 1.07-2.09 0.018 

Trust in Government 1.00 0.66-1.52 0.996  1.17 0.80-1.72 0.425  1.22 0.80-1.86 0.346  1.11 0.77-1.61 0.578 

Trust in NFU 1.07 0.73-1.58 0.722  1.24 0.86-1.77 0.248  0.95 0.65-1.39 0.795  1.01 0.72-1.42 0.935 

General distrust 1.66 1.04-2.67 0.034  1.10 0.71-1.70 0.663  1.03 0.64-1.66 0.897  1.03 0.68-1.56 0.899 

Psychological proximity to your 
neighboring farmers 

0.93 0.75-1.17 0.544  1.01 0.83-1.24 0.893  0.95 0.76-1.19 0.676  0.90 0.74-1.10 0.310 

Psychological proximity to the farming 
community in general 

0.95 0.73-1.24 0.700  1.03 0.81-1.31 0.815  1.02 0.79-1.33 0.857  0.95 0.75-1.20 0.647 

 Psychological proximity to dairy farmers 1.20 0.95-1.52 0.130  1.21 0.97-1.50 0.084  0.99 0.78-1.25 0.908  0.96 0.78-1.18 0.676 

Psychological proximity to beef farmers 0.73 0.57-0.94 0.016  0.87 0.70-1.10 0.249  1.02 0.80-1.31 0.875  0.96 0.78-1.20 0.747 

Psychological proximity to your vet 1.40 1.13-1.74 0.002  1.31 1.08-1.59 0.006  1.12 0.91-1.38 0.266  1.38 1.14-1.66 0.001 

Psychological proximity to the veterinary 
community in general 

1.15 0.92-1.45 0.225  1.22 0.99-1.51 0.064  1.10 0.87-1.39 0.413  1.23 1.00-1.51 0.049 

Psychological proximity to the 
Government 

1.04 0.77-1.41 0.798  1.08 0.82-1.42 0.604  1.09 0.81-1.47 0.574  1.04 0.80-1.36 0.762 

Psychological proximity to the NFU 1.19 0.94-1.50 0.142  1.14 0.92-1.41 0.245  1.17 0.92-1.47 0.200  1.11 0.90-1.37 0.324 

Psychological proximity to your cows 1.19 0.92-1.55 0.187  1.02 0.82-1.27 0.859  1.06 0.83-1.35 0.650  1.21 0.97-1.51 0.099 

Psychological capability 8.89 4.05-19.54 <0.001  2.59 1.32-5.07 0.006  2.12 1.02-4.43 0.045  4.33 2.22-8.43 <0.001 

Physical opportunity 2.43 1.50-3.94 <0.001  1.43 0.94-2.16 0.091  1.33 0.84-2.09 0.222  1.86 1.24-2.80 0.003 

Social opportunity 1.54 0.70-3.39 0.283  2.33 1.13-4.79 0.022  0.83 0.38-1.82 0.649  1.70 0.85-3.39 0.134 

Automatic motivation 3.52 1.78-6.95 <0.001  2.06 1.14-3.71 0.017  1.66 0.87-3.16 0.125  4.28 2.35-7.80 <0.001 

Reflective motivation 6.86 3.26-14.45 <0.001  3.63 1.93-6.86 <0.001  1.94 0.99-3.78 0.053  6.81 3.57-13.01 0.000 

Anxiety about a BVD breakdown 0.92 0.42-2.02 0.845  0.77 0.38-1.58 0.477  1.64 0.77-3.48 0.201  1.17 0.59-2.30 0.653 

Ref = reference category, OR = Odds Ratio, 95% CI = 95% Confidence Intervals 
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Supplementary Figure 1. The inclusion of other in self (IOS) scale used in the focus groups and survey 
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Supplementary File 1. The survey completed by 475 UK cattle farmers
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Supplementary File 2. The methods and results of conditional autoregressive models investigating spatial random 

effects 

Methods 

Spatial generalized linear mixed models were built using the CARBayes package version 5.2.2 (Lee, 2013), with the 

spatial random effects modelled by a conditional autoregressive model with a Leroux prior (Leroux et al., 2000). 

Multiple observations for each county could not be aggregated to county-level because the independent variables 

related to individual farmers rather than the county that contained them, and to date there is no method for a 

hierarchical conditional autoregressive model. A 1/0 neighborhood matrix was created with observations from 

adjacent counties given a weighting of 1 and observations from non-adjacent counties given a weighting of 0. To 

account for observations being from the same county, these were given a weighting of 2. Counties with only one 

respondent and no respondent in adjacent counties were coded as neighbors to the next nearest county because 

the model required all observations to have at least one neighbor. The level of conditional autoregression between 

the random effects was estimated by the model. One model was built without fixed effects and another model was 

built with the variables selected in the full multinomial logistic regression model as fixed effects and all models were 

thinned to one in five. 

Parameters were estimated using Markov chain Monte Carlo simulation and three parallel chains were run for each 

model. Convergence was considered achieved when the Gelman and Rubin’s convergence diagnostic was less than 

1.2 for all parameters (Kass et al., 1998) and visual inspection of the chains of the parameter with the greatest 

Gelman and Rubin’s convergence diagnostic indicated convergence. Odds ratios were calculated for each region by 

taking the mean of the mean OR for observations within that county. Significant odds ratios were investigated by 

calculating non-parametric 95% confidence intervals. 

Results 

Convergence was achieved in the model without fixed effects after 200,000 samples with 20,000 discarded as 

burnin. The mean spatial dependence parameter was 0.46 (0 = no spatial autocorrelation, 1 = spatial 

autocorrelation).  

There were four counties where there was a significant difference between BVD behavior classes (figure on next 

page). Farmers in the Northwest were less likely to be doing a lot in an open herd than doing little and farmers in 

Yorkshire and the Humber were less likely to be in the careful introducing new stock and testing than doing little. 

Farmers in the Southwest were more likely to be in the vaccinating and testing class than doing little and farmers in 

Northern Ireland were more likely to be in the careful introducing new stock and testing class than doing little. 

Convergence was not achieved in the model with the fixed effects from the multinomial logistic regression model 

(Table 4) included. 
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Supplementary File 3. The interpretation of farmers choices in the economic games

 

As the £50 to be invested has been won in a lottery then it is expected that 50% would be a fair amount to invest 

and be an expected return as would 50% of the £700 – however, the literature shows that 20% is the usual amount 

transferred in a dictator game. 

Absolute generosity: This is given by the unconditional amount given to the other parties in the dictator game. 

Trustworthiness: Indexed by the expected amount returned. 50% indicates a fair return of half of the tripled 

investment. 66% a full return on the investment plus 50% of the additional profit. Thus, trustworthiness also indexes 

expected levels of reciprocity and fairness. 

Joint Maximum Benefit to Farming: The more invested indexes a strategy to maximize resources for farmers in 

general as the amount is trebled. So even if none is returned there is more money in farming than keeping for 

yourself. This indexes a sense of caring and responsibility to farming. Investing all £50 means that the farming 

community has £150 

Expected conditional cooperation: This is indexed by the expected return minus the investment and indexes the 

level of expected conditional cooperation. That is, do they expect the investee to match or exceed in their return the 

investment. Zero indexes absolute conditional cooperation. A positive value indexes positive conditional cooperation 

– the investee is expected to return more than invested. A negative value indexes negative conditional cooperation – 

the investee is expected to return less than invested. 

Expected Equality: This is the ratio of total resource to the investor (endowment – investment + expected return) 

relative to the total resources of the investee (trebled investment – expected return) 

4 latent classes were identified.  
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Class 1: Generous Self-Oriented Mutual Benefit 

Investment and repayment pattern: Invests £17.50 which is trebled to £52.50 and expects a return of £24.675. Thus, 

they end up with an expected payoff of (50 - 17.5 + 24.675) £57.175. The investee-investor share = £24.675 and 

£28.825. Thus, the investor expects equity in return, but ends up on the deal overall by £7.175. Their altruism is high 

at £196. Overall payoff if expected return is realized (57.175 + 504) = £561.175. The overall payoff if there is no 

return on their investment (32.5 + 504) = £536.50. 

Modal Investment: 0.50 

Modal Expected return: 0.33 

Absolute generosity = £196/700 of which £104 to farmers 

Trustworthiness: Expected return = £24.675 (24.675 / 52.5 = 0.47) so expects fairness 

Self-Benefit: They end up with an expected payoff of (50 - 17.5 + 24.675) £57.175. 

Joint Maximum Benefit to Farming: Invests £17.50 which is trebled to £52.50. Thus, there is (50 - 17.5 + 52.5) = £85 

for farmers in general. Thus £35 additional resource farming. 

Expected conditional cooperation: This is 24.675 – 17.5 = £7.175 

Expected Equality: 57.175 / (52.5 - 24.675 = 27.825) = 2.05 (Overall based on an expected fair return the investor 

has more resources)  

Psychological interpretation: Similar to Class 4: Self-Oriented Mutual Benefit, but have a greater tendency to 

maximize overall benefit to farmers while still expecting that they will have more of the available resources and see 

other farmers as fair and trustworthy. 

Class 2: Homo Economicus (Selfish) 

Investment and repayment pattern: Invests £3.50 which is trebled to £10.50 and expects a return of £0. Thus, they 

end up with an expected payoff of (50 - 3.5 + 0) £46.50. The investee-investor share = £0 and £10. Thus, the investor 

expects no return, and ends down on the deal overall by £3.50. Their altruism is very low at £80. Overall payoff if 

expected return is realized is (46.5 + 620) £666.50. The overall payoff if there is no return on their investment (46.5 + 

620) = £666.50. 

Modal Investment: 0.00 

Modal Expected return: 0.00 

Model Generosity: 0.00 

Absolute generosity = £80/700 of which £48 to farmers 

Trustworthiness: Expected return = (0 / 3.5 = £0.00) so expects unfairness 

Self-Benefit: They end up with an expected payoff of (50 - 3.5 + 0) = £46.50 

Joint Maximum Benefit to Farming: Invests £3.50 which is trebled to £10.50. This there is (50 - 3.5 + 10.5) = £57 for 

farmers in general. Thus £7 profit to farming. 

Expected conditional cooperation: This is 0 – 3.5 = -£3.50 

Expected Equality: 46.5 / (10.5 – 0 = 10.5) = 13.18 (Overall based on a perceived unfair return the investor has 

significant more resources)  

Psychological interpretation: These farmers are cheap riders – they are not traditional free riders who keep 

everything – they are homo-economicus in that they are selfish profit maximisers as they do not trust others to be 

fair. This is the self-win strategy. 
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Class 3: Mutually Beneficial Joint Maximiser 

Invests £49 which is trebled to £147 and expects a return of £63.21. Thus, they end up with an expected payoff of 

(50 – 49 + 63.21) £64.21. The investee-investor share = £64.21 and £83.79. Expected profit to investor (1 + 13.21) = 

£14.21, expected profit to the investee (another farmer) = £83.79. Thus, the investor is other-regarding in that they 

expect that the other farmer will be up on the deal overall but end up on the deal overall by £14.21. The other-to-

self ratio is 5.98:1 (83.79 / 14.21).  Their absolute generosity or altruism is high at £189. Overall payoff = 64.21 + 511 

= £575.21  

Modal Investment: 1.00 

Modal Expected return: 0.50 

Absolute generosity = £189/700 of which £105 to farmers 

Trustworthiness: Expected return = £63.21 (63.21/147 = 0.43) so expects relative fairness 

Self-Benefit: They end up with an expected payoff of (50 – 49 + 63.21) £64.21 

Joint Maximum Benefit to Farming: Invests £49 which is trebled to £147. Thus, there is (50 - 49 + 147) = £148 for 

farmers in general. Thus £98 additional resource farming. 

Expected conditional cooperation: This is 63.21 – 49 = £14.21 

Expected Equality: 64.21 / (147 - 63.21 = 83.79) = 0.77 (Overall based on an expected fair return the investor has less 

resources: they are other-oriented)  

Psychological interpretation: This class of farmers uses their resources strategically to maximize the amount of 

resources available to farmers. They see other farmers as fair and are willing on that basis to have relatively fewer 

resources than the other farmer as long as ‘farmers’ have the joint maximum profit. The investing farmer is still in 

profit by £14.21 and overall has more resources than the other 3 classes. This is the win-win strategy and ‘nice guys’ 

finish first. 

Class 4: Self-Oriented Mutual Benefit 

Investment and repayment pattern: Invests £10.50 which is trebled to £31.50 and expects a return of £14.49. Thus, 

they end up with an expected payoff of (50 - 10.5 + 14.49) £53.99. The investee-investor share = £14.49 and £17.01. 

Thus, the investor expects some equity in terms of the return but ends up on the deal overall by £3.99. Their 

altruism is low at £112. Overall payoff if expected return is realized is (53.99 + 588) £641.99. The overall payoff if 

there is no return on their investment is (39.5 + 588) £627.5. 

Modal Investment: 0.20 

Modal Expected return: 0.33  

Absolute generosity = £112/700 of which £57 is to farmers 

Trustworthiness: Expected return = £14.49 (14.49/31.5 = 0.46) so expects fairness 

Self-Benefit: They end up with an expected payoff of (50 - 10.5 + 14.49) = £53.99 

Joint Maximum Benefit to Farming: invests £10.50 which is trebled to £31.50. Thus, there is (50-10.5 + 31.5) = 

£67.01 for farmers in general. Thus, £17.01 additional resource farming. 

Expected conditional cooperation: This is 14.49 – 10.5 = £3.99 

Expected Equality: 53.99 / (31.5 - 14.49 = 17.01) = 3.17 (Overall based on an expected fair return the investor has 

more resources)  
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Psychological interpretation: These farmers are trusting and on average see other farmers as fair (expect a 50% 

return), but the majority are less trusting with a model expected return of 0.33. However, they take a strategic 

position to ensure that they keep some resources back, and overall while both farmers benefit the investor benefits 

the most. 

References 

Kass, R. E., B. P. Carlin, A. Gelman, and R. M. Neal. 1998. Markov chain Monte Carlo in practice: A roundtable 
discussion. Am. Stat. 52:93-100. https://doi.org/10.2307/2685466. 
Lee, D. 2013. CARBayes: an R package for Bayesian spatial modeling with conditional autoregressive priors. J. Stat. 
Softw. 55:1-24. 
Leroux, B., X. Lei, and N. Breslow. 2000. Estimation of Disease Rates in Small Areas: A new mixed model for spatial 
dependence. Pages 179-191 in Statistical Models in Epidemiology, the Environment and Clinical Trials. M. Halloran 
and D. Berry, ed. Springer-Verlag, New York, USA. 

 

https://doi.org/10.2307/2685466

