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USING BEST WORST SCALING TO INVESTIGATE PERCEPTIONS OF 

CONTROL & CONCERN OVER FOOD AND NON-FOOD RISKS 

 

Abstract 

This research locates a series of risks or hazards within a framework characterised by the level of 
control respondents believe they have over the risks, and the level of worry the risks prompt. It 
does this for a set of both food and non-food risks. The means by which this is done is novel, and 
differs from past risk perception analyses in that it questions people directly regarding their 
relative assessments of the levels of control and worry over the risks presented. The cognitive 
burden associated with people ranking and scaling items in large sets is notoriously heavy, so 
this study uses an elicitation method designed to make the process intuitive and cognitively 
manageable for respondents.  

The substantive analysis of the risk perceptions has four main foci concerning the relative 
assessment of (i) novel as opposed to more familiar risks (e.g. swine flu vs. heart attack), (ii) 
food risks as opposed to non-food risks, (iii) perceived levels of control over the risks versus 
how worrying the risks are considered to be, (iv) differences in the risk perceptions across social 
groups, as in this paper we analyse the relative assessments of farmers and consumers with a 
particular orientation on E. coli. 

 
 

Keywords: Best-worst scaling; risk; perception; novel technology; E. coli, UK. 
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1 Introduction 

Concerns over food risks and food safety have increased in many developed countries in recent 

years. This has in part been prompted by high-profile scandals and hazards within the food chain. 

In the UK, the origins and subsequent management of BSE damaged trust in the food production 

process and encouraged a more sceptical view of food safety. In addition to novel risks and 

hazards, high profile cases of familiar food hazards such as E. coli also caused concern to some.  

The 2009 E. coli outbreak at Godstone Farm in the UK and cases involving pre-packaged cookie 

dough in the US are two such examples. However, the level of concern people have regarding 

these risks varies from individual to individual. Their concerns and attitudes to prevent risks are 

centred around their understanding and knowledge of risks, their experiences with them, and their 

mood at the time of evaluating the risks. Other factors, including media, trust in food handlers, and 

people in their environment (e.g. family and friends) can also affect their “concern” and “attitude” 

towards risks. As Slovic, Fischhoff, and Lichtenstein (1982) mentioned in their seminal paper, 

“risk means different things to different people.” Thus, it is inevitable to observe different views on 

risk and any events involving risks. 

This research explores people’s perception of various food risks within a framework characterised 

by the level of control that respondents believe they have over the risks, and the level of worry that 

the risks prompt. To act as a frame of reference, non-food risks are also added to the list of risks or 

hazards analysed. The means by which this is done is novel and differs from past risk perception 

analyses in that it questions people directly regarding their relative assessments of the levels of 

control and worry over the risks presented. The cognitive burden associated with people ranking 

and scaling items in large sets is notoriously heavy, so this study uses an elicitation method 

designed to make the process intuitive and cognitively manageable for respondents.  

In this research, we have four main foci concerning the relative assessment of risk perception; (i) 

novel as opposed to more familiar and established risks/events (e.g. swine flu vs. heart attack) (ii) 

food risks as opposed to non-food risks (e.g. BSE vs. lightning strike), (iii) perceived levels of 

control over the risks versus how worrying the risks are considered to be, (iv) differences in the 
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risk perceptions across social groups, as in this paper we analyse the relative assessments of 

farmers and consumers with a particular orientation on E. coli.  

The outline of this paper is as follows: Section 2 covers the common methods used in the literature 

for assessing the risk perceptions, and summarises different frameworks and theorems utilised in 

various disciplines. It also discusses the past research, and links the current study with past work. 

This is followed by Section 3, which outlines the contribution of this research. Section 4 introduces 

the methodology and explains the survey design and data collection. The model and results are 

then discussed in Section 5 and Section 6, respectively. Finally, a summary of the research is 

presented in the last section.  

2 Literature Review 

Assessing risk perception is a challenging task due to the complex nature of risks. The 

methodologies used in risk perception studies are not limited to a general theorem or model 

(Anders and Sjoberg, 2000). In fact, there is no one model or a theorem that addresses risk 

perception alone. The risk perception studies in the literature borrow information from various 

fields, such as psychology, economics, and political sciences. Depending on the research area, the 

definition and the methodology used differ. For example, from a political science perspective, 

according to Wildavsky and Dake (1990) risk perception theories involve knowledge, personality, 

economic, cultural, and political theories. In psychology, risk perception is modelled around 

heuristics (Tversky and Kahneman, 1974), risk-as-feeling (Loewenstein, et al., 2001), and 

psychometric approaches (Fischhoff, et al., 1978).  

Psychological research by Tversky and Kahneman (1974) defined the role of heuristics as 

involving mental strategies during the decision-making process of risky events; these strategies 

include the representativeness of events and their relations to each other, the availability of the 

risky events to individuals, and the individuals’ ability to imagine the event. Risk-as-feeling, as 

discussed by Louwenstein et al. (2001), emphasises the importance of feelings in the decision-

making process of risky choices. 
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“Feelings may be more than just an important input into decision making under 

uncertainty; they may be necessary and, to a large degree, mediate the connection 

between cognitive evaluations of risk and risk-related behavior” (p. 15). 

The psychometric approach, pioneered by Fischhoff and colleagues, is a more common approach 

in the literature (Slovic, 1978; Slovic et al., 1980; Yeung, 2002). It uses “psychophysical scaling 

and multivariate analysis techniques to produce quantitative representations or ‘cognitive maps’ of 

risk attitudes and perceptions (Slovic, 1987, p.281)”. Slovic (1987) describes the process involved 

in the psychometric paradigm as: 

“Within the psychometric paradigm, people make quantitative judgments about the 

current and desired riskiness of diverse hazards and the desired level of regulation of 

each. These judgments are then related to judgments about other properties, such as (i) 

the hazard's status on characteristics that have been hypothesized to account for risk 

perceptions and attitudes (for example, voluntariness, dread, knowledge, controllability), 

(ii) the benefits that each hazard provides to society, (iii) the number of deaths caused by 

the hazard in an average year, and (iv) the number of deaths caused by the hazard in a 

disastrous year.” 

There have been extensive studies on people’s risk perception and behaviour using the 

psychometric methods (Slovic, 1993; Sparks and Shepherd, 1994; Frewer and Shepherd, 1995; 

Fife-Schaw and Gene, 1996; Raats and Shepherd, 1996; Saba, Rosati and Vassallo, 2000; Savadori 

et al., 2004; Henson et al., 2008; Hohl and Gaskell, 2008). While some studies focus only on the 

food domain (e.g. Frewer, Shepherd and Sparks, 1994; Frewer and Shepherd, 1995; Raats and 

Shepherd, 1996; Saba, Rosati and Vassallo, 2000; Savadori et al. 2004; Henson et al., 2008), others 

focus on both food and non-food domains (Frewer et al., 1998; Henson et al., 2008).  

Researchers who analyse risk perception have found that each hazard, whether it is food-related or 

not, is multidimensional and can be analysed within the dimensions of risk characteristics. For 

example, in their seminal paper, Fischhoff et al. (1978) used quantitative methods to investigate 

how people evaluated 30 different activities and technologies, such as pesticides, smoking, 
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mountain climbing, and nuclear power, with respect to a number of psychological risk 

characteristics, such as common-dread, severity of consequences, immediacy of effect, chronic-

catastrophic, newness, familiarity of risk to the scientific world, control people have over them, 

and voluntariness of risk.  

Fischhoff et al. (1978) pointed out that the inter-correlations among these numerous risk 

characteristics were sufficiently high, such that they could be reduced to a small number of 

dimensions of risk underlying these many characteristics. They identified two uncorrelated factors 

(or components) representing the characteristics of risks by using Principal Component Analysis 

(PCA). The first component they identified was highly associated with new, involuntary, and 

technological items that delayed the consequences of risks for many people, and thus they termed 

this factor as “technological risk”. When “technological risk” is high on the scale, it means that the 

consequences of the risks are unknown in the short run; when the risks are low on this factor, it 

means that they are familiar, voluntary, and/or have immediate consequences at the individual 

level. The second component that Fischhoff et al. identified was associated with events which 

result in fatal consequences, and thus they termed this factor as “severity” (see Figure 1). 

Figure 1. Factor Structure of Perceived Risks (Fischoff et al. 1978) 
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Using a similar approach, Slovic (1987) identified and replaced the first factor as “unknown” 

instead of “technological risk” and “dread” for degree of “severity”. The factor of “dread” included 

risk characteristics that were uncontrollable, globally catastrophic, having fatal consequences, of 

high risk to future generations, not easily reduced, risk increasing, and involuntary.  

Building on this approach with Factor Analysis, Sparks and Shepherd (1994) consider risks in food 

production and consumption. They analyse food consumers’ perception of 25 food-related hazards 

(e.g. genetic manipulation, food colourings, bacterial contamination, pesticide residues). They used 

the same risk characteristics as in Slovic et al. (1980). Using the principal component analysis, they 

identified three factors: “severity”, “unknown”, and “number of people exposed”. The first factor is 

related to “concern”, “seriousness for future generations”, “threatening widespread disastrous 

consequences”, “dread”, and “becoming more serious”. The second factor is related to risk 

variables, such as “known by the people exposed,” “known to science,” and “accuracy of 

assessments”. The third factor is related to “number of people exposed” to risks.  

The axes presented by Sparks and Shepherd were very similar to the ones in Fischhoff et al., but 

with the addition of a third factor that was absent in their predecessors’ work. Nonetheless, Sparks 

and Shepherd did not present this third factor on their two-dimensional risk space, choosing instead 

to present only the first two factors, “severity” and “unknown” (see Figure 2). 
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Figure 2. Location of Food-Related Hazards Within the Two-Component Space 

(Sparks and Shepherd 1994) 

 

 

Following Sparks and Shepherd (1994), risk perception studies in the context of food have become 

more popular (Fife-Shaw & Rowe, 1996, 2000; Miles and Frewer, 2001; Kirk et al., 2002; Gaskell, 

2008, Henson et al., 2008; Savadori et al., 2008). Fife-Schaw and Rowe (1996) extended the work 

of Spark and Shepherd conceptually and methodologically. They modified the type of risks and 

risk characteristics used in their research with the help of a focus-group study. They identified 22 

food risks and 20 risk characteristics, some of which were new to Sparks and Shepherd’s study 

(1994), and some of which had been adopted from past researches. For example, they included 

new risk characteristics in their analysis, such as the naturalness of hazards, whether hazards are 

perceived as harmful in large or small quantities, the perceived adequacy of regulations, and 

whether hazards are perceived to have instant or delayed effects. Although they used a number of 

new risk characteristics, they obtained a similar structure that had two factor components: the 

“severity” and “awareness” of the hazard. 
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In order to reduce the burden on respondents and to have more accurate responses, they 

constructed two types of surveys, one of which included half of risks and risk characteristics, and 

the other included the other half of the risks and risk characteristics. This issue of the number of 

risks for which perceptions can be reliably elicited is addressed regarding the contribution of this 

paper (see Section 3).  

Other studies have differed in term of the methods used in risk perception analysis (e.g., Webster et 

al., 2010; Raats and Shepherd, 1996; Howard and Shepherd, 1998; Frewer, Howard and Shepherd, 

1998, Henson et al., 2008; Miles and Frewer, 2001). However, while the methods have differed, 

they have, like the previous studies reviewed, arrived at a characterisation of the risks in a small 

factor (usually 2) of fundamental characteristics. For example, Raats and Shepherd (1996) 

analysed individuals’ perceptions of chemical hazards in foods, such as pesticides and antibiotic 

residues, using the Repertory Grid Method. They found two risk factors which were similar to ones 

mentioned in previous studies: “dread” and “unknown” (see Figure 3).  

Figure 3. Location of Chemical Hazards Within the Two Components Space 

(Raats and Shepherd 1996) 
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In a study of public attitudes to various technologies – nuclear power, food irradiation, GM food, 

etc. – Frewer et al. (1998), identified two main principal factors using a similar approach. They 

interpreted the first factor as the component describing risks associated with technologies, e.g., 

“accidents”, “dangerous”, “severe”, “risky”, “unknown”, “unnatural”, and “worrying”. The second 

factor was interpreted as describing the perception of benefits, namely “beneficial”, “good”, 

“interesting”, “knowledgeable”, and “necessary” (see Figure 4). One of the intriguing results was 

that subjects perceived the technological processes of GM food, food additives, food irradiation 

and pesticide use in agriculture within the food industry as being harmful, threatening, and risky.  

Figure 4. Location of Technological Risks Within the Two-Component Space 

(Frewer, Howard and Shepherd 1998) 

 

In summary, there is extensive literature on the elicitation and analysis of risk perceptions. Some of 

these studies focus only on the food domain, while some focus on both food and non-food 

domains. The “risk” referred to in these studies also show variations with respect to the focus of 

the study. For example, while some studies analyse the perception of food hazards associated with 
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products (e.g., pesticide, Salmonella, additives), some investigate technological or production risks 

associated with foods (e.g., genetic modification, irradiation).  

While the papers comprising this literature differ in some methodological respects, there is a 

common structure and output from most of the studies. Typically, the researches elicit perceptions 

of numerous risks in terms of numerous characteristics. This information is then reformulated so 

that the risks are characterised, usually via Factor Analysis or Principal Component Analysis 

(PCA), in terms of a small number of fundamental dimensions. This allows the risks to be located 

within the space defined by those dimensions. 

We will now introduce the contribution of this research.  

3 Contributions of the Research 

Previous risk studies, which have commonly employed “rating scales” to elicit people's perceptions 

of various risks and hazards, have analysed the perception data using PCA to identify the primary 

risk characteristics. These studies generally reveal two principal components, which represent the 

main characteristics of the risks. In this study, we use an alternative approach to elicit, analyse, and 

characterise risk perceptions. 

This research addresses the risk perceptions for various food and non-food risks or hazards by 

using a novel technique, Best-Worst Scaling (Louviere, 1993; Marley and Louviere, 2005), which 

is a form of conjoint analysis (also called Maximum Difference [MaxDiff] Scaling). While 

developed many years ago, this method is currently gaining attention in the agricultural and 

environmental economics literature (see Lusk and Briggeman, 2009).  

The approach used is similar to other analyses of risk and risk perceptions, which have located 

risks in a two-dimensional space characterised by control and variants of worry/fear/dread. 

However, it differs in that, unlike other studies, we directly elicit from respondents their 

assessments of the risks in terms of these dimensions. Other studies typically seek to identify all 

possible concerns and then to undertake a Factor or Principal Components Analysis in order to 
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score the risks in terms of these underlying dimensions (Slovic, 1993; Sparks and Shepherd, 1994; 

Fife et al., 1996; Savadori et al., 2004; Henson et al., 2008; Hohl and Gaskell, 2008).  

Additionally, this research - which derives its origins from a project that investigates perceptions 

and management of E. coli risk in rural communities - specifically focuses on the risk perceptions 

of farmers and consumers. The non-farming public typically perceives E coli as being a food-borne 

illness, yet for rural workers/residents and visitors there are direct transmission paths from 

livestock waste and/or water. Recent outbreaks in the UK (e.g., the 2009 E. coli outbreak in 

Godstone Farm in Surrey that resulted in 35 cases, 12 children seriously ill; and an earlier E. coli 

outbreak in 2000, at a camping field in Aberdeenshire, UK which caused 20 cases) have 

highlighted the risks that the non-farming public can be exposed to from direct contact with 

livestock. Hence, we investigate how these two stakeholder groups, consumers and farmers, differ 

in their perceptions of E. coli risk and how this relates to other food and non-food risks.  

The research also investigates the risk perceptions for novels hazards (e.g. swine flu, cloning 

animals, and climate change) as opposed to more familiar and established risks/events (e.g. heart 

attack, diabetes, additives) that were studied in the past. It does this within a broader perspective. 

That is, the research includes both food and non-food related risks/hazards so that we have a wider 

picture of where a specific risk (e.g. E. coli) lies in a two-dimensional risk space among a wide 

range of risks. In the literature, the majority of studies focus on one domain only, such as food 

(Fife-Shaw & Rowe, 1996; Sparks & Shepherd, 1994; Miles and Frewer, 2001; Kirk et al., 2002; 

Savadori et al., 2004). On the other hand, there are a few studies using both food and non-food 

risks in their analysis (e.g., Frewer et al., 1998; Henson et al., 2008; Hohl and Gaskell, 2008). 

Thus, we believe that our research will also contribute to the literature by filling the gaps in regards 

to the type of risks previously addressed. 

4 Methodology 

4.1 Best-Worst Scaling (BWS) 

Best Worst Scaling (BWS) was used to locate people’s perceptions of various risks or hazards, 

characterised by the level of control they believe they have over the risks and the level of worry 
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that the risks prompt; Figure 5 presents two examples of BWS sets from the research. Presented 

with repeated subsets of five items or risks, participants were asked to identify the risks they 

thought they had most/least “control” over and the risks that prompted most/least “worry”.  

Figure 5. Examples of a BWS Survey Questions 

 

 

The selection of “most” and “least” controllable/worrying risks in these repeated tasks reveals 

participants’ ranking of the risks and allows an estimation of scores (for example, “control” 
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scores”) for each risk, and so a scaled ranking is derived (more detail on this can be found in 

Section 5). As a result, we will be able to locate risks in a two-dimensional risk space (i.e., control 

and worry) similar to other risk perception studies discussed earlier. 

We will now explain the fundamentals of the approach, which allows us to do all of this. 

BWS was developed as an extension of Thurstone's (1927) Method of Paired Comparison (MPC) 

(e.g., Buck et al., 2001; Duineveld et al., 2000; Leon et al., 1999; Liem et al., 2004). The main idea 

of MPC is to elicit tradeoffs between paired items shown in each set (e.g., risks). In BWS, there 

can be more than two items in a choice set (see Figure 5). The pair of items chosen in a set (i.e., 

best/worst or most/least) is the one which shows the maximum difference in preferences or 

importances or views (Louviere, 1993) (therefore it is also called a “MaxDiff” experiment). 

The main advantage of BWS over MPC is that it provides more information from respondents’ 

selections. The choice of “best” and “worst” or “most” and “least” items in a task sheds light into 

the preferences for each item of the survey. For example, as shown in Figure 5, assume the 

respondent chose “being run-over” as the “least” worrying and “getting ill from Salmonella” as the 

“most” worrying risk among all 5 options. 

Selecting most and least informs us on seven of ten (i.e., 5x4/2) paired comparisons, such that: 

• “getting ill from Salmonella” > “eating food containing pesticide residues”, “getting 

avian flu (bird flu)”, “becoming depressed”, “being run-over”, and 

• “eating food containing pesticide residues”, “getting avian flu (bird flu)”, “becoming 

depressed” > “being run-over”  

where “>” means “more worrying (or controllable) than”.  

Here, as presented, we lack information about three of the risks: “eating food containing 

pesticide residues”, “getting avian flu (bird flu)”, and “becoming depressed”. However, even just 

two selections (i.e., most and least) in a set give valuable information on the rankings of the risks. 
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BWS questionnaires are also relatively easy for most respondents to understand. It breaks tasks 

into a more cognitively manageable size, rather than asking people to rank a full set of items. 

Additionally, there is evidence that people use better judgment when they only need to evaluate 

extreme preferences rather than preferences with levels (Louviere, 1993; Marley and Louviere, 

2005). As there is no scale involved in the selection process, this process is also considered as a 

“scale-free” approach (Cohen and Markowitz, 2002); it eliminates the possibility of scale-based 

biases and reduces the cognitive burden on respondents. These advantages contribute to the use of 

the technique from academia to industry in a wide range of applications, including agriculture, 

environment, transport, health, and marketing. For example, a seminal paper by Finn and Louviere 

(1992) used this approach to address the level of concern for food safety relative to other issues, 

like cost of living and preserving the environment. Auger et al. (2007) examined the attitudes of 

consumers towards social and ethical issues, e.g., recycling and human rights, across six countries. 

Flynn et al. (2007) examined the elderly’s evaluation of quality of life in terms of different levels 

of attributes,  e.g., attachment, security, role, enjoyment and control. Mueller et al. (2009), 

Louviere and Islam (2008) and Flynn et al. (2008) are some other recent examples of BWS scaling 

used in various areas of research.  

4.2 Survey Design 

We created two types of surveys of the same design: the first asked people to assess various risks 

in terms of “control”, and the second asked people to assess risks in terms of “worry” criterion. 

These two dimensions of risk were chosen as they have featured heavily in other risk analyses 

(Fischoff et al., 1978; Slovic, 1993; Sparks and Shepherd, 1994; Fife-Shaw and Rowe, 1996; Kirk 

et al., 2002; Henson et al., 2008; Hohl & Gaskell, 2008).  

Overall, there are 20 risks included in the BWS surveys: half concern food hazards, the other half 

concern non-food hazards (see Table 1). Of these risks, some are novel (e.g., swine flu and cloned 

animals), and some are more common/established risks (e.g., heart attack, additives).  
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Table 1. Food and Non-food Risks Used in Surveys 

Getting ill from Salmonella 
Getting ill from E. coli 
Getting BSE (mad cow disease) 
Getting avian flu (bird flu) 
Eating food containing pesticide residues 
Eating foods containing hormones 
Eating rice or cereal (e.g. bread) that is genetically modified (GM) 
Eating meat or milk from a cloned animal 
Getting swine flu 
Eating foods containing additives (e.g. E numbers) 
Climate change 
Being run over 
The health effects of using mobile phones 
Getting diabetes 
Having a heart attack 
A fire at my home 
Being burgled 
Becoming depressed 
Getting a food allergy 
Being struck by lightning 

 

We created eight versions of the surveys. In each survey, there were eight sets (i.e., questions) and 

each set included five items (i.e., risks). Given the total number of items used in the survey (20), it 

is plausible to use five items in each set.  Showing more than five items to respondents may result 

in confusion and fatigue, which may in turn result in unreliable responses. Cohen and Orme (2004) 

suggested that asking respondents to evaluate more than five items within a set might not be useful. 

For studies involving up to 30 total items, the gains in precision of the estimates are minimal when 

using more than five items at a time (Sawtooth Software, 2007). 

In each BWS set, we show respondents different combinations of five risks for their assessment of 

the “most” and “least” controllable/worrying risk. Figure 5 shows an example task used in the 

questionnaires. The combinations of five risks in these sets satisfy the optimal design 

characteristics: frequency balance, orthogonality, and connectivity among tasks. That is, the one-
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way frequencies reveal that the survey design is perfectly balanced as each item in the survey was 

displayed 16 times1 across all versions of the surveys. The two-way frequencies show that the 

survey had a nearly orthogonal main-effects design, in which each item appears 3.56 times on 

average with every other item, with a standard deviation of 0.53. 

After ensuring a balanced and nearly orthogonal survey design, tasks were randomised, and a 

participant was randomly assigned to a version.  

We will now explain the data collection before introducing the statistical model used in the 

analysis and associated results. 

4.3 Data Collection 

We conducted the surveys with two stakeholder groups: farmers and consumers in England and 

Wales in the summer of 2009. We collected the data at five agricultural shows (Cheshire, Royal 

Welsh, Nantwich, Garstang, and Romiley Young Farmers Shows), as well as in the city of 

Manchester. We sampled farmers at agricultural shows that have high coverage and consumers in 

the city of Manchester2. The Cheshire and Royal Welsh Shows are the biggest agricultural summer 

events in the UK. There were approximately 80,000 and 220,000 visitors in the Cheshire and 

Royal Welsh Shows, respectively. We screened respondents in the questionnaires whether they 

work on farm or involved in farming practices and helped friends and family on farm (see sample 

questionnaire in the Appendix). By this way we identified respondents who were consumers that 

attended to the shows. We did not include these groups in our analysis as we believe that, given the 

nature of the questionnaires, responses we get from consumers who are in agricultural shows may 

result in biased responses. Their reactions to questions regarding the safety of meat they eat may be 

                                                 

1 As we presented five items in each set, there were overall 40 items shown in every version (i.e., 5 items x 8 tasks). 
As there are 20 stages in total, each stage appears twice in each version. Across all eight versions, each stage appears 
16 times. 
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different when they are in agricultural shows, as compared to a case when they are not in such an 

environment, but in their daily routine. 

Overall, we contacted 280 (166 farmers, 114 consumers) respondents who were randomly assigned 

to one of two treatments. The first treatment asked people to assess the risks in terms of “control”, 

and the second used the “worry” criterion. 

The majority of the respondents were female (63%) and had a degree or graduate education (25%). 

The average age was about 38, and the average annual household income was about £40,500 (c. 

$65,000). Thirty-five percent of the respondents were employed full-time, and 42% percent of the 

respondents had children. A comparison with 2001 UK census data shows that people in our 

sample were not very different from the UK population with respect to age, gender, and 

employment status (e.g., the majority were 30-44 years old (23%), female (51%), and full-time 

employed (41%) in the population).  

5 Model 

We model people’s perception of risks using the Random Utility Theorem (RUT). RUT is a theory 

on human decision-making initiated by Thurstone (1927) and was generalised by McFadden 

(1974). In RUT, “the basic idea is the assumption of utility maximisation combined with 

distributional assumptions on the unobserved errors” (Wind and Green, 2004, p.154). In this 

research, we use RUT for decisions, views or opinions (i.e., control and worry over risks), rather 

than for a good or a service from which someone maximises his/her utility.  

A simple Random Utility model can be mathematically written as: 

 ௜ܷ௝,௧ ൌ ௜ܸ௝,௧ ൅ ௜௝,௧ (1)ߝ

where ௜ܷ௝,௧ is individual i’s utility from his/her selection of alternative j in a choice set 

t={1,2,...K}, ௜ܸ௝,௧ is the deterministic part of the model which can be written as: 
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 ௜ܸ௝,௧ ൌ ௜ߚ ௜ܺ௝,௧  

where ߚ௜ is individual i’s utility parameter vector, ௜ܺ௝,௧ is a vector for attributes (i.e., risks) 

associated with alternative j, and ߝ௜௝,௧ is the stochastic (random) component, which allows 

researchers to make probabilistic statements about consumers’ behaviour (Adamowicz et al., 1998 

; Lusk, 2003).  

The respondent will choose a pair of attributes i.e., risks, that maximise the utility differences in 

his/her best and worst choices. For the sake of example, we assume the respondent chooses 

attribute j over attribute k, as the best and worst, respectively, out of a choice set with J items. Then 

the probability that the respondent i chooses attribute j over attribute k is the probability that the 

difference in utility U୧୨,୲ and U୧୩,୲ is greater than all other J(J-1)-1 possible differences in the choice 

set. Assuming that ε୧୨,୲ is distributed i.i.d. type 1 extreme value, then this probability can be written 

in a simple logit form: 

ሺ݆ is chosen best and k is chosen worstሻܾ݋ݎܲ  ൌ
݁௏೔ೕ,೟ି௏೔ೖ,೟

∑ ∑ ݁௏೔೗,೟ି௏೔೘,೟௃
௠ୀଵ

௃
௟ୀଵ

 (2)

Given that individuals are heterogeneous and therefore have different tastes, the logit form of the 

probability can be further specified using Mixed Logit (MXL) formulation. MXL, sometimes also 

called Random Parameter Logit, is widely used in the literature that acknowledges the 

heterogeneity of consumers in nature (Revelt and Train, 1998; Brownstone and Train, 1998; 

McFadden and Train, 2000). It is a highly flexible model that can approximate any random utility 

model (Train, 2003; McFadden and Train, 2000). 

Substituting equation (1) into (2) gives the following simplified form: 

ሺ݆ܾ݋ݎܲ  is chosen best and ݇ is chosen worstሻ ൌ
݁ఉ೔௑೔ೞ,೟

∑ ݁ఉ೔௑೔ೝ,೟௃
௥ୀଵ

 (3)
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Here, the parameters belong to the utility difference function, not to the individual best-worst 

utilities. 

Now, consider a sequence of alternative best-worst pairs chosen at each choice set of t={1,2,...,K}, 

then the individual's probability of making a sequence of choices is the product of logit forms in 

equation (3). We can write this as: 

 
ሺsequence ofܾ݋ݎܲ choicesሻ ൌ ሻ࢏ߚ௜ሺܮ ൌ ෑ

݁ఉ೔௑೔ೞ,೟

∑ ݁ఉ೔௑೔ೝ,೟௃
௥ୀଵ

௄

௧ୀଵ

 
(4)

The mixed logit probability is then the weighted average of the logit formula evaluated at different 

values of β, with the weights given by the density function of ߮ሺߚሻ. We assume that β is 

distributed normally with mean b and covariance w.  

The choice probability in equation (4) can be written as: 

 
௜ܲ ൌ න ௜ሺܮ ,ܾ|௜ߚ௜ሻ߮ሺߚ  ௜ߚሻ݀ݓ

(5)

This is the probability of the individual's sequences of choices, conditional on the parameters of the 

population distribution, ߮ሺߚ௜ | ܾ,  ሻ. Generally, the integral in (5) does not have a closed formݓ

(Brownstone and Train, 1998); therefore, we approximate it through simulations. 

We use a Hierarchical Bayes (HB) simulation method for parameter estimation of the density 

function. HB simulation follows an iterative procedure that uses each individual’s choices along 

with information about the distribution of part worths for all respondents to estimate individual-

level parameters3. We now turn to results from the analysis.  

                                                 
3 Each iteration consists of the following steps (Sawtooth Software, 2003):  
• Using the initial estimates for βs and w, generate a new estimate of b.  
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6 Results 

The results we present here concern relative assessments of the levels of control and worry people 

have over various risks. Hence, they represent views, rather than actual risk measures. We present 

the results in four parts. The first section gives the results of the analysis of people’s perception of 

novel and familiar (or more established) risks. The second section does the same for food and non-

food risks. The third section investigates how people perceive E. coli in a broader perspective. 

Finally, the fourth section addresses the differences in the risk perceptions of farmers and 

consumers, again with a particular orientation on E coli.  

6.1 Comparison of Perceptions of Novel and Familiar Risks 

Table 2 presents raw scores, i.e., weights, resulting from the MXL estimation. These weights 

consist of negative and positive values which are on an interval scale. To make interpretation of the 

results easier, we converted these scores to ratio-scaled probabilities that range from 0 to 100 

(thereafter called “rescaled” scores). These rescaled Mixed Logit scores are shown in  

Table 3. Figure 6 presents them graphically. 

Having an initially naive assumption of equal levels of control/worry among 20 risks (i.e., each at 

5%), we find that people believe they have less than average control (i.e., 5%) over recently 

emerged risks, such as swine flu, eating meat from cloned animals, climate change, and bird flu 

(see Figure 6). They also tend to worry less than average for these risks. Figure 7 presents this in a 

                                                                                                                                                             
We assume that b is distributed normally with a mean equal to the average of βs and a covariance matrix 
equal to w divided by the number of respondents. A new estimate of b is drawn randomly from that 
distribution.  

• Using the present estimates of βs and b, draw a new estimate of w from the inverse Wishart distribution. 
• Using the present estimates of b, w, and σ, generate new estimates of the βs. Here σ is the standard deviation 

of the random error term in equation 0(1). 
• Using the present estimates of b, w, and βs, generate a new estimate of σ.  
The final estimated parameters are obtained by averaging the parameter values retrieved from further iterations 
after convergence is attained. They are then used to rank attributes with respect to their importance or desirability.  
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two-dimensional risk space, in which scores were zero-centered. Thus, the axes in this graph 

represent the average (e.g., above zero means above average). 

Regarding novel risks, we see that “swine flu”, which was an emerging and high profile issue at 

the time of the surveys, is seen as a cause of relatively little concern (less worrying than hormones 

in food, Salmonella, or BSE) and something over which people feel they had an extremely low 

level of control. “Swine flu” is seen as little different from “bird flu” even though the latter was 

receiving relatively little coverage at the time. This may be a result of “flu fatigue” with some 

people having become insensitive to warnings of flu epidemics following some arguably lurid 

coverage and warnings regarding the threat of avian flu in 2005 and 2007. Climate change features 

as 19th out of 20 in terms of the level of control people feel they have over it and 11 th in terms of 

how worrying it is, being regarded as less worrying than, inter alia, the risks of getting Salmonella, 

being hit by a car, or getting diabetes. 

Cloning was one of the emerging food technologies identified by the UK Food Standards Agency 

(FSA, 2009) as requiring further research on public perceptions of it. The consumption of meat or 

milk from cloned animals prompted low levels of concern, on a par with additives in food. It is also 

notable that the consumption of GM foods was regarded as worthy of very little concern. In terms 

of the 10 food risks, it ranked as one of the least worrying to respondents, only being surpassed in 

terms of a lack of concern by the risk of getting a food allergy. Given the contentious history that 

the (non) production and consumption of GM food has had in the UK, this is quite remarkable. It 

may be a result of continued exposure to the idea of GM food (in many ways it might be seen as no 

longer a novel food technology), the absence of hard evidence of environmental or health effects of 

the use of GM foods, or the repeated calls in the preceding 18 months, at the height of the boom in 

world food prices, for the use of GM technologies to address global food needs. In contrast to this, 

it is notable how worrying the risk of getting BSE remains, despite having largely disappeared 

from the news media for many years and there having been only 8 deaths from vCJD in the UK 

between 2007 and 2009. Contracting BSE/vCJD was seen as more worrying than “swine flu” and 

on a par with “bird flu” and “climate change” in terms of the worry it caused. 



23 

 

Table 2. Raw MXL Scores 

 Control Worry 
Risks Mean t-value Mean t-value 
Getting ill from Salmonella 4.17 14.23 2.86 9.87 
Getting ill from E. coli 3.45 10.65 3.16 9.57 
Getting BSE (mad cow disease) 2.60 9.22 2.14 6.26 
Getting avian flu (bird flu) 2.28 9.21 2.14 7.76 
Eating food containing pesticide residues 2.72 7.95 2.39 6.83 
Eating foods containing hormones 2.62 8.06 2.44 6.98 
Eating rice or cereal (e.g. bread) that is  
genetically modified (GM) 3.93 11.33 0.21 0.53 
Eating meat or milk from a cloned animal 2.19 7.24 0.62 1.87 
Getting swine flu 1.22 4.39 1.92 6.47 
Eating foods containing additives  
(e.g. E numbers) 5.40 16.31 0.60 1.62 
Climate change 0.23 0.94 2.35 6.64 
Being run over 4.10 11.15 2.86 10.82 
The health effects of using mobile phones 4.01 15.35 -0.18 -0.52 
Getting diabetes 2.72 9.96 3.25 12.75 
Having a heart attack 2.61 9.26 5.20 16.91 
A fire at my home 4.85 18.16 4.94 19.18 
Being burgled 3.00 11.59 3.27 11.24 
Becoming depressed 3.40 13.39 2.39 6.76 
Getting a food allergy 1.39 5.10 0.83 3.07 
Number of observations 142 138 
Root Likelihood4 0.25 0.26 
 

                                                 

4 Root Likelihood measures the goodness of fit. As we have 5 alternatives in each choice set, the null probability of 
each alternative to be chosen is 0.20 (i.e.1/5). This is the expected RLH value for a chance model. The actual value 
of 0.25 (or 0.26) would be interpreted as just better than 1.13 times the chance level. .Here, we compute RLH by 
simply taking the nth root of the likelihood, where n is the total number of choices made by all respondents in all 
tasks. RLH is therefore the geometric mean of the predicted probabilities (see Sawtooth Software Technical Paper. 
Available at: 2008                                                         . 
http://www.sawtoothsoftware.com/download/techpap/cbctech.pdf). 
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Table 3. Rescaled MXL Scores (%) 

Risks Control Worry 
Getting ill from Salmonella 9.14 6.26 
Getting ill from E. coli 5.91 7.56 
Getting BSE (mad cow disease) 3.08 3.67 
Getting avian flu (bird flu) 2.34 3.68 
Eating food containing pesticide residues 3.41 4.46 
Eating foods containing hormones 3.14 4.66 
Eating rice or cereal (e.g. bread) that is  
genetically modified (GM) 8.01 0.64 
Eating meat or milk from a cloned animal 2.17 0.95 
Getting swine flu 0.88 3.06 
Eating foods containing additives  
(e.g. E numbers) 14.36 0.93 
Climate change 0.34 4.35 
Being run over 8.80 6.26 
The health effects of using mobile phones 8.39 0.44 
Getting diabetes 3.40 8.00 
Having a heart attack 3.10 15.78 
A fire at my home 12.25 15.07 
Being burgled 4.27 8.10 
Becoming depressed 5.71 4.46 
Getting a food allergy 1.04 1.16 
Being struck by lightning 0.27 0.52 
Sum 100 100 
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Figure 6. Control and Worry over Various Food and Non-food Risks. 

Figure 7. Location of Risks within Two-component Space                                                        
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6.2 Comparison of Perceptions of Food and Non-Food Risks 

The general comparison of the risks in the control-worry space shows that people seem to locate 

most risks in Quadrant 3 of the control-worry space in Figure 7. In this quadrant, people think that 

they have less than average control and concern over risks. The majority of risks located in this 

region are foodborne risks (e.g., BSE, cloned animals, and pesticides). 

As seen from Figure 7, more than half of the non-food and food risks (60%) are located in “less 

control” quadrants. People feel that more controllable risks are “eating foods containing additives”, 

“fire at home”, “Salmonella”, “being run over”, “mobile phones”, and “GM foods”, in descending 

order. 

Figure 7 also shows that people tend to worry less over food risks than over non-food risks. More 

than half of the food risks (80%) are located in “less worry” quadrants of the risk space. The most 

worrying risk for them is “having a heart attack”, followed by “fire at home”, “getting diabetes”, 

and “being burgled”. 

Climate change is featured as one of the least worrying non-food risks, on a par with “becoming 

depressed”. 

We now discuss the results with a particular focus on food risks. 

Perceptions of Food Risks 

Regarding food risks, we see that “additives” is seen as a cause of high control and something over 

which people feel that they have an extremely low level of concern (see Figure 6). The perception 

of a high level of control may be due to the food labels that indicate whether the product has 

additives in it or not. In fact, some packages in the UK specifically state that a given product is 

“additive free” in large fonts. People feel that they have the option of “not buying” the product, 

which is a way of exerting control. Particularly for “additives”, people also show little concern. 

Being able to avoid the use of a food product that includes additives in it intuitively results in less 

concern,  although there is always a possibility of missing information (e.g., on additives) on food 

labels. Also, due to the credence attributes of foods, some people may still build up some concerns 
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regarding these issues. In such cases, “additives” may prompt high levels of concern and feelings 

of limited control.  

The results also show that people believe they have more than average control (i.e., 5%) over 

Salmonella, GM, and E. coli, in descending order. However, the levels of control people think they 

have over BSE, pesticides, hormones, cloned animal, bird flu, and getting food allergies are less 

than the average level. This may be partly because of the practicality of the preventive methods of 

these risks or the lack of information, either on the nature of food products (e.g., whether it 

includes pesticides), or on how to avoid them. For example, people may believe that they can 

prevent Salmonella in chicken if they properly handle the meat. However, controlling the risk may 

be very difficult (or not even possible) if they do not know anything about the risk.  

One of the interesting results is that BSE still features strongly in people’s minds despite this issue 

having had little coverage in the press for many years since the height of the fears, and despite 

government action to address the risks posed by BSE and vCJD. 

Another intriguing result is that pathogens and hormones concern people more than other risks. 

Particularly, people perceive E. coli as more worrying than Salmonella. Similar results are also 

observed in other studies, such as Sparks and Shepherd (on Salmonella and hormones), Fife-Schaw 

and Rowe (on Salmonella and hormones), Henson et al. (on hormones), and Kirk et al. (on 

hormones and Salmonella). We believe that the recent food scares (e.g., E. coli outbreak in 

Godstone Farm in 2009) and subsequent media coverage on these issues play an important role in 

such perceptions. The risk profile in the public imagination develops over time and may change 

with the information in the press, broadcast media, and internet. This relationship has been 

investigated in the literature previously. For example, researchers have sought to identify the 

impact of media stories on observed purchasing or consumption behaviour (see Young and Burton 

on BSE, Kalaitzandonakes, Marks, and Vickner on biotech foods, van Ravenswaay and Hoehn on 

Alar scare, Verbeke and Ward on hormones in meat, Piggott and Marsh on Listeria, Salmonella, E. 

coli, and BSE), as well as confidence in the safety of foods (de Jonge et al., 2010).  
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6.3 E. coli in a Broader Perspective 

In terms of the particular focus on E. coli, food pathogens were perceived to be more controllable 

than other food risks. People believe that they have marginally more control over Salmonella than 

over E. coli. This may be caused by consumers believing that they have more control in cooking 

and preparation of products that have the highest risk of being contaminated by Salmonella (e.g., 

chicken) relative to foods that pose an E. coli risk. It may reflect the higher frequency (and hence 

profile) of Salmonella cases (74,000 cases/year), as compared to E. coli cases (1,026 cases/year). 

Pathogen risks were seen as more controllable then pesticide, hormone, and allergy-related 

illnesses. 

Food pathogens are also regarded as more worrying than all other food risks – such as BSE, 

allergies, GM ingredients, and pesticide residues on, or hormones in, foods as well as additives. 

Particularly, “getting ill from E. coli” is the most worrying food risk, followed closely by 

Salmonella.  

From a broader point of view, E. coli falls into the “more worry-more control” region of the risk 

space in Figure 7. This is the region where the high level of concern about risks leads to an action; 

in this case, controlling the risk when they are highly able to do so. For example, people believe 

that “getting diabetes” is as worrying as “getting ill from E. coli” but their perception of these risks 

may differ in terms of the level of action they take, or the “control” they have over them. This 

difference may be due to the nature of the risks; for example, one may have diabetes because it was 

genetically transferred from the family and s/he has no ability to prevent it aside from reducing the 

impact of the risk. Alternatively, this may also be due to the difficulty in practice, as his/her life 

style may not allow him/her to prevent it easily. Another possibility is that the person in question 

has only a limited level of knowledge on how to prevent the risk.  

The comparison of perceptions of novel risks and E. coli risks reveals that people are more 

concerned about E. coli than about emerging risks, such as “swine flu” and consuming meat or 

milk from cloned animals. They also believe that they have less control over emerging risks than 

over E. coli. Such perceptions may be the result of various things, for example:  
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• little familiarity with emerging risks, such as  not having a personal experience with 

it; 

• a low level of knowledge about emerging risks; 

• difficulty in conceptualising the probability of those risks occurring to them,; and 

• belief in having a lower chance of experiencing the risk or hazard as compared to 

other people (i.e., optimistic bias). 

Another reason may be the media coverage of risks. For example, during the period we conducted 

the survey, the H1N1 Swine Influenza scare was underway. Although there was high media 

coverage on this scare during the survey period, the concern people had over Swine Flu was not 

high. This is not altogether surprising as people may not be familiar with a risk at the beginning of 

a scare. This is because the profiles of risks in the public imagination evolve over time and are 

influenced by, and reflected in, coverage in the press, broadcast media and – more recently – the 

internet. However, in the E. coli case, the awareness among the general public has been increasing 

ever since the first occurrence of E. coli in the UK in 1980s. This may be one of the reasons why 

we observe a high level of concern and control over E. coli, as compared to other food risks.  

We will now give some results on the comparison of relative risk perceptions of farmers and 

consumers in the next section. 

6.4 Relative Risk Assessments of Farmers and Consumers 

In this section, we compare the relative risk assessments of consumers and farmers. We present the 

analysis results in two parts. The first part investigates the relative risk assessments in “control” 

space, and the second part does this in “worry” space. Each part tests two hypotheses: 

H1: Risk assessments of consumers and farmers are the same in both “control” and “worry” spaces 

(i.e., overall distribution of risk scores in both systems are the same). 

H2: Risk assessments of consumers and farmers for a specific risk are the same in both “control” 

and “worry” space (i.e., distribution of scores at riski is the same in both systems). 
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In order to test these hypotheses, we perform the following linear regression. We simply regress 

individual logit scores on risks and the interaction terms, as in the following model: 

 scores ൌ   α ൅ γi riski  ൅  βi ሺriski x groupሻ ൅ εi i ൌ 1,2, … 10 (6) 

where group (1=farmer, 0=consumer), ߙ is intercept, ߛ௜ are estimates for riski scores from mixed 

logit, ߚ௜ are estimates for riski scores at a specific group (e.g., farmer). The null hypotheses for H1 

and H2 mentioned above can then be written as followings: 

• H1:  ∑ߚ௜= 0 (overall distributions of scores in both systems are the same). 

• H2: ߚ௜= 0 (distribution of scores at riski is the same in both systems). 

We now turn to the results from the hypothesis tests. 

Control Space 

Figure 8 provides a comparison of the analysis results for consumers and farmers. The results of 

the test for Hypothesis 1 did not reveal significant differences. We failed to reject the null 

hypothesis that the perceptions of risks in both social groups are not statistically significantly 

different from each other at 1% significance level (t-value=-0.14 and p-value=0.89). In other 

words, consumers and farmers in our sample have similar views on the level of control they think 

they have over risks in general. However, although consumers and farmers tend to have similar 

views on risks in general, there may still be differences in their views on some specific risks. Thus, 

we investigate this further by the second hypothesis. According to the test results, consumers and 

farmers have different perceptions for 10 of 20 risks, which are presented in Table 4. 
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Figure 8. Consumers’ and Farmers' Control Over Various Risks 

 

In terms of the particular focus on food pathogens, consumers and farmers perceive “E. coli” risk 

differently. Farmers believe that they have more control over risks posed by E. coli than 

consumers. This is not surprising as food cases attributable to E. coli can be associated with poor 

handling and poor hygiene practices at production facilities, such as farms and abattoirs. The recent 

E. coli outbreaks on farms (e.g., 2009 Godstone Farm outbreak in the UK) and at abattoirs (2005 

Welsh outbreak in the UK) may be the cause of such beliefs among people. Thus, people may 

believe that farmers have more control over preventing illnesses from E. coli than consumers. This 

may then create tensions for farmers, such that they may have more concern about E. coli than 

consumers (see  in the next section).  
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Table 4. Differences in the Perceptions of Consumers and Farmers                                      

for Individual Risks in Control Space  

 Control 
RISKS Coef. t-value 
Getting ill from Salmonella -0.010 -1.48 
Getting ill from E. coli 0.025 3.71*** 
Getting BSE (mad cow disease) 0.019 2.81*** 
Getting avian flu (bird flu) 0.000 -0.04 
Eating food containing pesticide residues 0.009 1.36 
Eating foods containing hormones 0.020 3.01*** 
Eating rice or cereal (e.g. bread) 
that is genetically modified (GM) 

0.006 0.84 

Eating meat or milk from a cloned animal 0.000 0.01 
Getting swine flu -0.014 -2.16** 
Eating foods containing additives (e.g. E numbers) 0.012 1.77* 
Climate change -0.006 -0.86 
Being run over -0.015 -2.27** 
The health effects of using mobile phones 0.022 3.37*** 
Getting diabetes -0.018 -2.66*** 
Having a heart attack 0.001 0.16 
A fire at my home -0.044 -6.68*** 
Being burgled -0.015 -2.24** 
Becoming depressed 0.005 0.75 
Getting a food allergy 0.000 -0.03 
Being struck by lightning 0.004 0.60 

    Statistically significant at * p<0.10, ** p<0.05, *** p<0.001 

The risk perceptions for Salmonella, however, are not statistically different from each other when 

comparing consumers and farmers. We would expect higher control scores for consumers than for 

farmers as the majority of food cases that are attributable to Salmonella are associated with the 

consumption of mishandled foods (e.g., chicken) in the domestic kitchen. However, the majority of 

farmers surveyed had livestock, of which 82% was dairy – cow, beef, cow, goats, sheep, and pigs – 

and 17% were chickens. The dominance of red meat in these farmers may be causing such a result. 

In other words, farmers in our sample may consider themselves to be chicken consumers, 



33 

 

therefore weighting the level of control they have over Salmonella as same as consumers in the 

sample. 

The results also show that farmers believe that they have more control over risks posed by BSE, 

and eating foods containing hormones and additives. This may be partly due to the fact that 

farmers have access to better information about the condition of foods they grow as compared to 

consumers, who may have less information about the safety of foods they purchase at stores. 

Worry System 

Figure 9 shows a comparison of the analysis results for consumers and farmers. The results of the 

test for Hypothesis 1 did not reveal significant differences. We failed to reject the null hypothesis 

that the consumers and farmers in our sample have the same level of worry over risks in general (t-

value=-0.50 and p-value=0.62).  

Although consumers and farmers tend to have similar views on risks in general, there may still be 

differences in their views on some specific risks. Thus, we hypothesise whether consumers and 

farmers have the same perceptions for a specific risk (Hypothesis 2). The results of the test are 

shown in Table 5. 
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Figure 9. Consumers’ and Farmers’ Concern Over Various Risks 

 

In terms of particular foci on food risks, according to the test results consumers and farmers 

perceive risks posed by Salmonella, E. coli, BSE, Hormones, Additives, and Food Allergy 

differently (see Table 5). 

It is also clear from Figure 9 that consumers believe that they have more concern over the risk 

posed by Salmonella and farmers believe that they have more concern over the risk posed by E. 

coli. This result is intuitive due to the trend in food cases attributable to Salmonella in domestic 

kitchens and food cases attributable to E. coli at production facilities, such as farms and abattoirs 

(e.g., Godstone Farm outbreak in 2009 and Welsh outbreak in 2005).  

In terms of particular foci on non-food risks, the results show that farmers tend to have more 

concerns over Swine Flu, Diabetes, and Struck by Lightning. Although Swine Flu was a high 

profile issue at the time of the surveys, farmers tend to worry more than consumers. This may be 

because farmers may be more exposed to risks posed by Swine Flu, not only due to the possibility 

of getting ill, but also due to potential economic losses caused by unhealthy livestock. 
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Another interesting result is that risk assessments of consumers and farmers for some of the novel 

risks, such as Cloned Animals, Climate Change, and GM, do not reveal significant differences and 

are less than an average level of concern (i.e., 5%). As discussed before, this may be due to various 

reasons including poor familiarity with the emerging risks, a low level of knowledge about them, 

and difficulty in conceptualising the probability of those risks occurring to them.  

Table 5. Differences in the Perceptions of Consumers and Farmers for                        

Individual Risks in Worry Space 

 Worry 
RISKS Coef. t-value 
Getting ill from Salmonella -0.014 -2.09** 
Getting ill from E. coli 0.017 2.51*** 
Getting BSE (mad cow disease) -0.024 -3.52*** 
Getting avian flu (bird flu) 0.010 1.42 
Eating food containing pesticide residues 0.005 0.77 
Eating foods containing hormones 0.013 1.95** 
Eating rice or cereal (e.g. bread) that is genetically 
modified (GM) 

-0.001 -0.13 

Eating meat or milk from a cloned animal 0.004 0.61 
Getting swine flu 0.018 2.74*** 
Eating foods containing additives (e.g. E numbers) 0.011 1.62* 
Climate change -0.006 -0.88 
Being run over -0.036 -5.41*** 
The health effects of using mobile phones 0.004 0.62 
Getting diabetes 0.016 2.34** 
Having a heart attack -0.004 -0.65 
A fire at my home -0.002 -0.37 
Being burgled -0.008 -1.25 
Becoming depressed -0.035 -5.20*** 
Getting a food allergy 0.019 2.77*** 
Being struck by lightning 0.014 2.16** 

    Statistically significant at * p<0.10, ** p<0.05, *** p<0.001 
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7 Summary 

This research locates a series of risks or hazards within a framework characterised by the level of 

control that respondents believe they have over the risks, and the level of worry the risks prompt. It 

does this for a set of both food and non-food risks. The means by which this is done is novel and 

differs from past risk perception analyses in that it questions people directly regarding their relative 

assessments of the levels of control and worry over the risks presented. The cognitive burden 

associated with people ranking and scaling items in large sets is notoriously heavy and time-

consuming, so this study uses an elicitation method designed to make the process intuitive and 

cognitively manageable for respondents.  

The substantive analysis of the risk perceptions has four main foci concerning the relative 

assessment of (i) novel as opposed to more familiar and established risks/events (e.g. swine flu vs. 

heart attack), (ii) food risks as opposed to non-food risks (e.g., BSE vs. lightning strike), (iii) 

perceived levels of control over the risks versus how worrying the risks are considered to be, (iv) 

differences in the risk perceptions across social groups, in this paper we analyze the relative 

assessments of farmers and consumers with a particular orientation on E. coli (for reasons 

explained below). 

Researchers are often interested in rankings over large sets, yet there is ample evidence of the 

cognitive load this places on survey participants, and the frequency of associated anomalies, when 

the number of items ranked exceeds even quite low numbers (e.g., seven items according to Cohen 

and Orme, 2004). The problems are amplified if a scaled, rather than simply ordinal ranking, is 

required.  

The research from which this paper derives was concerned with the perception and management of 

E coli risk for both farmers and consumers. To this end, whilst working on the specifics of 

measures to reduce the risk of E coli infection to farmers, rural residents/visitors and food 

consumers, we sought to locate this risk in a broader context. Specifically, we sought to locate the 

levels of concern and perceived control of this particular (E coli) risk within a larger set of twenty 

risks. These two dimensions of risk (control and worry) were chosen as they have featured heavily 
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in other risk analyses (Fischoff et al., 1978; Slovic, 1993; Sparks and Shepherd, 1994; Fife-Shaw 

and Rowe, 1996; Kirk et al., 2002; Henson et al., 2008; Gaskell, 2008), although the method used 

to elicit the risk perceptions in this paper is novel, as explained below.  

The approach elicited relative risk scores in terms of both worry and control and allowed the risks 

to be located in worry–control space. The process by which this was done was Best-Worst Scaling 

(Louviere, 1993; Marley and Louviere, 2005), a form of conjoint analysis, which, although 

developed many years ago, is gaining attention in the agricultural and environmental economics 

literature (see Lusk and Briggeman, 2009). Best-Worst Scaling (BWS) is a method designed to 

generate scaled rankings across (large) item sets via cognitively bearable choice tasks.  

Presented with repeated subsets of five risks, participants were asked to identify those they thought 

they had most/least “control” over and those that prompted most/least “worry”. There are twenty 

risks included in the survey: half concern food hazards, the other half concern non-food hazards.  

The advantages of this technique include its function of breaking the task into more cognitively 

manageable sets via the use of repeated subsets, and the fact that people are asked only to identify 

options at the extreme (e.g., most/least) rather than rank a full set. In addition to the revelation of 

the participants ranking of the risks, the analysis of the choice data allows for the estimation of 

scores (for example, ‘control scores’) for each risk, and so a scaled ranking is derived.  

The approach used in the study is similar to other risk perception studies, which locate risks in a 

two dimensional space characterised by control and variants of worry/fear/dread. It differs in that, 

unlike other studies, we directly elicit from respondents their assessments of the risks in terms of 

these dimensions. Other studies typically seek to identify all possible concerns and then undertake 

a Factor or Principal Components Analysis (PCA) in order to score the risks in terms of these 

underlying dimensions (e.g., Slovic, 1993; Henson et al., 2008; Hohl and Gaskell, 2008).  

The surveys were conducted personally in the summer of 2009 in England. The sample size was 

280 (166 farmers, 114 consumers). Respondents were randomly assigned to one of two treatments; 

the first asked people to assess the risks in terms of “control”, and the second used the “worry” 

criterion. The choice data were analysed using a mixed logit model estimated via Bayesian 
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methods to retrieve estimates of participants’ (control and worry) ‘scores’ that best explain the 

pairs of “least” and “most” selections they made. We turn now to some of the substantive issues 

addressed in the paper: novel versus more familiar risks, food versus non-food risks, differences in 

the risk perceptions between farmers and consumers, with a particular focus on E. coli. 

In regards to novel risks, the results show that Swine Flu – an emerging and high profile issue at 

the time of the surveys – was seen as a cause of relatively little concern, less worrying than 

hormones in food, Salmonella, or BSE, and something over which people felt they had an 

extremely low level of control over. Swine Flu was seen as little different from Bird Flu even 

though the latter was receiving relatively little coverage at the time. This may be a result of ‘flu 

fatigue’ with some people having become insensitive to warnings of flu epidemics following some 

arguably lurid coverage and warnings of the threat of avian flu in 2005 and 2007. Climate change 

features as 19th out of 20 in terms of the level of control people feel they have over it and 11th in 

terms of how worrying it is, being regarded as less worrying than, inter alia, the risks of getting 

Salmonella, being hit by a car, or getting Diabetes.  

Cloning was one of the emerging food technologies identified by the UK Food Standards Agency 

(FSA, 2009) as requiring further research on public perceptions of it. The consumption of meat or 

milk from cloned animals prompted low levels of concern, on a par with additives in food. It is also 

notable that the consumption of GM foods was regarded as worthy of very little concern. In terms 

of the ten food risks, it ranked as one of the least worrying to respondents, only being surpassed in 

terms of a lack of concern by the risk of getting a food allergy. Given the contentious history that 

the (non) production and consumption of GM food has had in the UK, this is quite remarkable. It 

may be a result of continued exposure to the idea of GM food (in many ways it might be seen as no 

longer a novel food technology), the absence of hard evidence of environmental or health effects of 

the use of GM foods, or the repeated calls in the preceding 18 months, at the height of the boom in 

world food prices, for the use of GM technologies to address global food needs. In contrast to this, 

it is notable how worrying the risk of getting BSE remains, despite having largely disappeared 

from the news media for many years and there having been only eight deaths from vCJD in the UK 

between 2007 and 2009. Contracting BSE/vCJD was seen as more worrying than “swine flu” and 

on a par with “bird flu” and “climate change” in terms of the worry it caused. 
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In terms of the particular focus on E. coli, it is clear that food risks from food pathogens were more 

worrying than other food risks. “Getting ill from E. coli” was the most worrying food risk, 

followed closely by Salmonella. These were more concerning to the sample than issues related to 

BSE, pesticide residues on, or hormones in, food as well additives, allergies, and GM ingredients. 

As for the other dimension of the risk assessment, control, we found that people believed that they 

had the most control over “eating foods containing additives (e.g. E numbers)” and the least 

control over “getting a food allergy.” Novel risks, such as Cloned Animals, Swine Flu, Bird Flu, 

and Climate Change were located at the low end of the control space. People might think that the 

occurrences of novels risks were out of their control. This might be due to various reasons, such as 

little familiarity to emerging risks and the lack of knowledge regarding the issues involved in such 

risks. Among all novel risks, people believed that they had the least control over Climate Change, 

followed closely by Swine Flu, which was a high profile issue at the time of the surveys, Food 

Allergy, Cloned Animals, and Bird Flu.  

In terms of the particular focus on E. coli, food pathogens were perceived to be more controllable 

than other food risks. People believed that they had marginally more control over Salmonella than 

over E. coli. This might be caused by consumers believing that they had more control in cooking 

and preparation of products that have the highest risk of being contaminated by Salmonella (e.g., 

chicken) relative to foods that pose an E. coli risk. It may reflect the higher frequency (and hence 

profile) of Salmonella cases (74,000 cases/year), as compared to E. coli cases (1,026 cases/year). 

Pathogen risks were seen as more controllable then pesticide, hormone, and allergy-related 

illnesses. 

The comparison of risk perceptions of the two stakeholder groups, consumers and farmers, did not 

reveal significant differences. However, they did show different perceptions for some specific 

risks, such as E. coli, Salmonella, BSE, and Hormones. For example, farmers viewed E. coli much 

more worrying than consumers did, yet they also believed it was more under their control. The 

comparison of results also indicated that consumers were more concerned about issues such as 

BSE and Salmonella than farmers, whilst the latter perceived Hormones as more controllable and 

yet more worrying. 
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Overall, the assessments of various risks in a broader perspective for different social groups shed 

light on how policymakers properly mitigate issues posed by these risks, and can help them with 

establishing priorities and in matters of resource allocation.  

As a further work, we would like to explore risk perceptions with different social groups, such as 

food experts. The shared allocation retrieved from their responses could be used to replace the 

naive assumption of equal shares of “control” and “worry” among twenty risks. Furthermore, as an 

extension to the current study, we are exploring the effects of socio-demographic and psychometric 

characteristics of people on their risk perceptions. 
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