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Preface
The risk communication activities undertaken by the Federal Institute for Risk Assessment
(BfR) should be seen as an ongoing, interactive process in which it makes its assessment
work and results available to the public at large, science, trade and industry, political circles,
non-governmental organisations and other involved or interested circles. From the scientific
angle central importance is attached first of all to clarifying the basic terms which are used in
the field of national and international risk communication. In the context of public authority
risk communication different interpretations of the terms “hazard” and “risk” lead to misunderstandings and misinterpretations by stakeholders of the data provided. The uncertainty
this causes amongst consumers is something that the media then seizes on. The European
Policy Centre, therefore, calls for the highlighting of the difference between “hazard” and
“risk” in its report “Improving the Quality of Risk Management in the European Union” (2003)
commissioned by the European Commission.
In the risk assessment process it is not just the scale of the possible damage (hazard) or
potential benefit but also the likelihood of this damage or benefit occurring in conjunction with
exposure (risk) which must be identified and discussed. By means of transparency, reliability
and the greatest possible openness trust can be forged amongst all the stakeholders in the
risk assessment process with the help of risk communication.
This report is largely based on the final report of the project “Evaluation of communication on
the differences between 'risk' and 'hazard'” that was instigated and supported by BfR. One
goal of the project was to determine whether there are differences in the perception, evaluation and handling of risks and hazards by those involved in risk assessment. Knowledge and
consideration of possibly different values and standards, which are the basis for this assessment, make possible both things: to achieve a consensus about management options
but also to note disagreement and, in this way, to supply the stakeholders of risk communication with the foundations for their risk management decisions. In this report the term “hazard”
is mostly linked with warnings. This interpretation does not correspond to BfR practice which
provides information in the context of hazard characterisation and the hazard associated with
a substance or a product and then formulates corresponding recommended actions.
One central question was how the terms “risk” and “hazard” are understood and used in the
scientific arena and whether people who are not risk assessment experts do not in reality
distinguish between “hazard” and “risk” or whether they do perhaps have at least an intuitive
idea of the difference between “hazard” and “risk”. The main subject matter of this project
was the experimental examination of this question in addition to looking at the latest scientific
findings on “chemical hazard communication” and on “intuitive toxicology”. For the analysis of
the lay understanding of “hazard” and “risk”, an online experiment was conducted involving
477 people. From the results it is clear that the distinction made - on the basis of scientific
assessment - between communication on a “hazard” and communication on a “risk” is
scarcely discernible to the public at large. What is far more important is clear, comprehensible and transparent communication about the risk.

Professor Dr. Dr. Andreas Hensel
President of the Federal Institute for Risk Assessment
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1

Introduction

In scientific risk assessment “hazard” and “risk” are completely different concepts. The term
“hazard” is used to describe the potential of a substance or situation to cause an adverse
effect1 when an organism, system or (sub) population is exposed to that substance or situation. “Risk”, by contrast, means the likelihood of an adverse effect in an organism, system or
a (sub) population on exposure to a substance or situation under specific conditions.
Based on these definitions information about a “hazard” is different from information about a
“risk” even if this difference is not always made clear. For instance in the EU White Paper
“Strategy for a Future Chemicals Policy” (2001) it is stated that:
The European Commission recognises the “freedom of choice” of consumers. The information should enable consumers to judge whether alternative products on the market are more advantageous in respect of their inherent properties and risks (EU
2001, 28, bold added by BfR)
How is information, therefore, to be provided? When should the emphasis be on “hazard”
and when should it be on “risk”? Furthermore, what knowledge is needed in order to be able
to distinguish between the two concepts? What information must be conveyed and how must
it be conveyed to ensure the “risk” concept is correctly understood?
These questions about communication on “hazard” and “risk” are the subject of this report
which has the following structure. After some explanations of the terms “hazard” and “risk”,
attention turns to the problems which arise for risk communication from the difference between “hazard” and “risk”. Then the latest scientific research findings are presented on the
understanding of “hazard” and “risk” and on relevant aspects of risk perception and risk
communication. This is followed by the presentation of an empirical study which examines
whether and how lay persons distinguish between “hazard” and “risk”. The report ends with a
summary of the project findings, the conclusions derived from them and the recommended
actions for the further development of risk communication.

1

WHO gives the following definition of the term “adverse effect": “change in morphology, physiology, growth, development or
lifespan of an organism which results in impairment of functional capacity or impairment of capacity to compensate for additional stress or increase in susceptibility to the harmful effects of other environmental influences.”
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Terms and definitions
“Hazard”

The term “hazard” refers to the inherent property of a substance (or a situation) to cause an
adverse effect. In this context for example the International Programme on Chemical Safety
(IPCS) defines a “hazard” as the:
Inherent property of an agent or situation having the potential to cause adverse effects when an organism, system, or (sub) population is exposed to that agent. (IPCS
2004, 12)
There are a number of different definitions of “hazard” (see Annex 1: Definitions) which basically say the same thing as the IPCS definition. However, it should be noted that some definitions of “hazard” already refer explicitly to special exposure conditions (e.g. normal use).2
This report mainly uses the term “hazard”. In the online experiment (see below page 34ff.),
the colloquial counterpart “hazardousness” is used.

2.2

“Risk”

Generally speaking “risk” is deemed to be the possibility of the occurrence of a harmful
event. Kaplan and Garrick have formalised the general risk concept and their definition
stresses the three main elements of risk. They have defined risk (R) as a set of triplets (Kaplan & Garrick 1981, 13):

R = {〈si, pi, xi〉}, i = 1,2,…,N.
Whereby si describes a scenario;
pi indicates the likelihood of the scenario;
xi indicates the scale of damage in this scenario.
In this concept the risk is described as the sum of consequences examined along with their
likelihood and scale. The specific conceptualisation of risk does, however, vary, slightly from
scientific discipline to scientific discipline (see also Annex 1: Definitions).
For the area of technical risks the national standard DIN VDE 31000 Part 2, for instance,
defines the risk as the product of likelihood and scale of damage (quoted according to SFK
2004, 13):
The risk linked to a specific technical procedure or condition is described in a summary manner by a comment on likelihood which takes into account
• the expected frequency of the occurrence of an event leading to damage and
• the scale of damage to be expected if that event occurs.
In the health sector different variants of the risk concept are used depending on the scientific
fields. For cancer research Williams and Paustenbach (2002, 368f.) use the following definition “Risk is a unitless probability of an individual developing cancer“. The IPCS definition of
risk is broader and is also used in this report:
2

This is also the thrust of an older WHO definition (1979): “The likelihood that a chemical will cause adverse health effects
under the conditions under which it is produced or used”. (WHO 1979)
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The probability of an adverse effect in an organism, system, or (sub) population caused
under specified circumstances by exposure to an agent. (IPCS 2004, 13)

This definition highlights the fact that the difference between “hazard” and “risk” lies in exposure. A risk exists when there is exposure to a “hazard”, in a nutshell: risk= (hazard, exposure).

BfR-Wissenschaft

3
3.1

9

Communication on “hazard” and “risk”
Starting point

Risk communication always involves a series of different pieces of information. Depending
on the data and objective it provides information on the hazard, exposure and dose-response
relationships or about the risk and standards. That is why in analytical terms a distinction can
be made between hazard communication and risk communication – when in the one case
only the hazard is considered and in the other the related risk is also taken into account. In
practice, however, this separation doesn’t always make sense because communication on a
hazard is a necessary part of risk communication.

3.2

Structural differences

Ideally speaking, hazard information is information about substance properties with the potential to harm. This information is intended as a warning. It is simple in that – in contrast to
risk communication – it is not dependent on any understanding of probabilities or uncertainties, particularly when there are no longer any doubts about the fact there is a potential harm.
The understanding of hazard is only of importance to the extent that it is relevant for the desired avoidance behaviour. This means that we must, for instance, record what certain warnings mean or what is meant by an R-phrase or an S-phrase. Hence the US-American Occupational Safety and Health Administration (OSHA) presents occupational safety and health
as a goal of its Hazard Communication Standard, “The basic goal of the standard is to be
sure employers and employees know about work hazards and how to protect themselves;
this should help to reduce the incidence of chemical source illness and injuries.” (OSHA
1998) In other areas of daily life, too, there are numerous examples: someone who reads the
warning “Smoking can damage your health” on a cigarette packet just has to understand this
one sentence. Whether smoking is more dangerous than drinking alcohol is not initially relevant. It is also of minor importance whether smoking 20 cigarettes a day is more harmful to
health than smoking 5 cigarettes a day.
However anyone who wants to find out more about how much he is at threat personally from
a substance or a product will be better informed when he understands the risk rather than
just being familiar with the hazard. This also results directly from the definition of risk: risk=f
(hazard, exposure). The mere knowledge that there is a hazard and familiarity with its characteristics is not sufficient for an individual to assess the threat to him. Only when we know
on what scale we are exposed to the hazard is it possible to assess the risk.
One could say, in a slightly exaggerated manner, that risk communication serves the purposes of permitting an informed, weighing up and by extension a reflected decision whereas
hazard communication can have a more direct impact on behaviour, without any reflective,
intermediate steps.
Hence the preconditions for successful risk communication are far more complex. Quantitative assessments are also important when it comes to understanding risk: what exposure do I
have and how critical is this exposure? And: by what factor is my risk increased? Here it is
also about the scale of risk in comparison with other risks and estimation of the possible confounding factors. By contrast, understanding hazard information is far simpler. There is
merely a need to know that a substance is a contaminant (what can happen and how bad it
is?).

BfR-Wissenschaft
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Table 1 presents these ideal statements in communication on “hazard” and “risk”.
Table 1: Ideal statements on communication about “hazard” and “risk”
Aspect

Hazard communication

Risk communication

Goal

Aims at avoidance

Aims to bring about informed decisions
(education and empowerment)

Message

Statements (where appropriate warning)

Level of the risk can be understood as a
warning or all clear

Type of information

Provides deterministic information if there
are no doubts about potential harm

Provides probabilistic information

Complexity

Is only dependent on understanding of the
hazard

Is dependent on understanding of the
hazard:
• Degree of exposure
• Knowledge about possible action
thresholds
• Knowledge about the dose dependency
of the effect
• Knowledge about different sensitivities

Typical difficulty

Understanding of R-phrases and Sphrases and pictograms as danger symbols
Compliance

Understanding of small probabilities
Difference between stochastic and deterministic effects
Influence of intuitive perception and preconceived ideas about the source of the
risk and risk producer on risk perception

For practical purposes we believe that we should adhere to the broad version of the concept
“risk communication” which includes hazard communication. However in this project it does
make sense to highlight the specificities of the communication forms for “risk” and “hazard”.

3.3

Relevant aspects of risk communication

Risk communication is dependent on information about situations which go beyond the description of a hazard and thus increase cognitive complexity. This mainly encompasses the
following conditions or states:
• Different concerns

• Question of action threshold
• Level of exposure
• Realistic exposure scenarios
Different concerns: Because of differing susceptibilities hazards may constitute a risk for
one group (e.g. women) but not for another. Quinine-containing beverages, which do not
constitute a health risk because of compliance with the current limit value for the normal
population, are one example. For certain groups, for instance pregnant women, they may
however mask health risks when larger amounts are consumed (see BfR 2005a). Teratogenic contaminants are another example. Here risk communication comes up against the
problem of differential relevance. What may be relevant for women under certain circumstances can be ignored for men. The question is whether differential risk indications of this
kind are not then generalised, i.e. whether in these cases men also see the product as being
risky according to the motto “if there’s already a risk for women then you can’t rule out that
there could also be a harmful effect for us.”

BfR-Wissenschaft
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Action threshold: For risk communication about substances with an action threshold3 the
problem initially involves making it clear that a substance only constitutes a hazard when the
action threshold has been exceeded. This means that the message must be conveyed that,
even in the case of exposure to the substance, there is no risk so long as the action threshold is not exceeded. Now thresholds for harmful effects are nothing unusual in every day
experience (for example, effect of heat). Hence one could expect that the threshold value
problem is understood intuitively, too. It would have to be examined whether this is really the
case. For risk communication about substances with no action threshold it is about making
clear what it means when exposure only leads to health damage with a probability that is
proportional to its exposure. Particularly when this probability is very small, people are likely
to find this difficult to understand.
In risk communication practice the problem of the action threshold mainly crops up in conjunction with explaining the meaning of limit values. Up to now there has not been sufficient
empirical clarification of whether limit values are correctly understood by lay persons or
whether they are deemed to be relevant for risk assessment.
Level of exposure: The transition from hazard to risk communication can become a problem
when the meaning of exposure for the risk is not taken into account and the threat is then
estimated solely on the basis of the existence of a hazard. This can lead to fears although
one’s own exposure and, by extension, the risks are unclear.4 This problem is exacerbated
by the fact that exposure data for the population, which can be used as approximate values
for one’s own exposure, can frequently only be determined in an inexact manner or are missing altogether. Then it makes sense when assessing the risk to look at the hazard and to
leave aside the aspect of the (unknown) exposure. Particularly for risk communication on
substances with no action threshold, understanding of the dose- response relationship is
important. Here the focus is on the problem that even the smallest exposure to carcinogenic
substances can still cause cancer with a (correspondingly low) probability.
Realistic exposure scenarios: Information about exposure is not trivial. The question of
combined effect is a critical one. After all consumers are confronted with a hotchpotch of
substances and preparations5. Hence combined effects should also be taken into account.
Estimating the impact of combined effects is, however, complex and further complicated by
the many possible exposure pathways. Reaching a position where one is able to make reliable statements is a scientific challenge. Another problem is the demarcation of normal, foreseeable conditions of use from those which are neither normal nor foreseeable.
Of course one can define risk communication – from the practical angle – in such a way that
it also covers the simple case of mere communication about the hazard. However this opens
the door to unclear terms. If a risk is to be characterised – then information must be available
about the potential harm but also about other structural associations which are required for
risk characterisation. The availability of the information concerned and also the specific
communication goals will determine which aspects are placed centre stage. This means that
someone who knows about a risk but only communicates the hazard is not doing risk communication. But this also implies that risk communication must also cover risk-relevant aspects in addition to the hazard even if this merely means drawing attention to the gaps in
knowledge. Therefore it seems possible to limit the term hazard communication only to the
special goal of a warning6 as described above in conjunction with Table 1.
3

Many chemical substances only have an effect from a certain dose. Above this threshold the effect – depending on the dose –
increases. For substances with a threshold-dependent hazard a limit is normally set which – based on the No Observed Effect
Level (NOEL) from animal experiments and safety factors – aims to ensure that exposure does not harm health.
4
Like for instance in the case of acrylamide contamination of food. See BfR (2004); Eikmann & Herr (2002); Madle et al. (2003).
5
Here we are not considering the fact that consumers also handle products.
6
This interpretation does not, however, correspond to BfR practice which provides information about the hazard associated with
a substance, or a product within the framework of hazard characterisation and then formulates corresponding recommended
actions.
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Status of research on the understanding of “hazard”
Distinction between “hazard” and “risk”

In the scientific literature there are scarcely any empirical studies that address the question
whether lay persons distinguish between “hazard” and risk”.
In one piece of work on understanding chemical risks, Sadhra et al. (2002) examine amongst
other things whether chemical workers involved in chromium processing distinguish between
“hazard” and “risk”. The workers were indeed familiar with the main hazards to which they
are exposed but do not distinguish between “hazard” and “risk”.
Young, Brelsford and Wogalter (1990) examine the question whether lay persons are able to
distinguish between hazard, risk, danger and hazardous-to-use concepts. The test persons
evaluated 72 products from daily use (24 chemical substances like for instance bleach, aspirin or shampoo). This study examined the association between “hazard” and “risk” evaluations for different consumer products. The high, statistically significant correlations between
“hazard” and “risk” evaluations (in the range of 0.93 up to 0.96)7 are interpreted as evidence
for the fact that “hazard” and “risk” are seen as the same. This is consistent with the findings
by Ley (1995). He shows that lay persons are scarcely able to correctly interpret signal words
like “hazardous”, “toxic” etc.
Other empirical studies address the question about which criteria play a role for distinguishing between dangerous and non-dangerous products for daily use (Wogalter et al. 1987a,
1999; Leonard et al. 2000).
A series of studies indicate that the severity (seriousness) of the damage to health is the central factor when assessing the hazardousness of a product (e.g. Young et al. 1990; Wogalter
et al. 1987a, 1999). Another important factor when evaluating whether a product is dangerous or not, is familiarity. A well-known product is generally deemed to be less dangerous
than an unknown one (Wogalter et al. 1999, Young et al. 1990, Godfrey et al. 1983). Familiarity can, therefore, lead a consumer to believe that a product is less dangerous than it really
is.
A layperson assesses a product as dangerous when it comes with a warning (Wogalter et al.
1999). This means that warnings not only have the function of informing consumers about
the hazard but also of reminding him about it again and again (Leonard et al. 2000).

4.2

Efficacy of hazard warnings

Today, there are numerous empirical studies but many of them have methodological shortcomings. Furthermore, the random samples examined mostly come from the student population (see the criticism by von Sattler et al. 1997). One exception is Viscusi who carried out
studies with consumers (Viscusi et al. 1986, 1987a) and employees in the chemical industry
who come into contact in their working lives with dangerous substances (Viscusi et al. 1984,
1987b).

The available empirical studies examine different means and formats for communicating warnings about hazardous chemical substances (written warnings, symbols,
7

However, these correlations are based on the mean values aggregated for the study participants for the various products. This
means that the correlations no longer apply to the individual study participants. Hence the conclusion that the high correlations between “hazard“ and “risk” assessments are proof of the same meaning of these two concepts are so say the least
questionable.
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verbal warnings, videos, etc.) and their impact on test persons (e.g. ignore, take note
of, follow). In many cases the results of the studies are not particularly surprising:8
• The warning must be placed close to the product for it to be directly linked to it (Frantz
1993, 1994; Strawbridge 1985; Wogalter et al. 1987b, 1993).
• The warning must be noticeable in order to attract the attention of the target group. For
instance the interaction between signal words and signal colours on labels was examined
The colour red has the highest potential of getting the test person to adopt protective behaviour (Braun et al. 1994, 1995; Jaynes et al. 1990; Rodriguez 1991; Silver et al. 1991;
Wogalter et al. 1987b; Dunlap et al. 1986). Braun et al. (1994) show that the signal word
“DEADLY” printed in green leads to a lower hazard assessment than when it is printed in
red.
• The warning must be informative, comprehensible, legible and may not contain any superfluous statements (Silver et al. 1991, Wogalter et al. 1987b, Laux et al. 1989, Brelsford et
al. 1994). The information content about the risk must correlate with the efficacy of the
warning (Viscusi et al. 1987a).
• The warning must clearly outline the serious nature of possible harm (Wogalter et al.
1987b, 1999; Dingus et al. 1993). As the severity/seriousness of health damage is obviously a clear predictor of hazard perception, it is recommended that this factor be placed
centre stage of communication on chemical hazards. Furthermore, consumers should be
informed about practical help when it comes to protection against possible harm (Wogalter
et al. 1987a, 1999; Young et al. 1990).
• The willingness to take precautionary measures correlates with the perceived danger of a
product. This is shown consistently in diverse studies (Wogalter et al. 1987a, 1999; Young
et al. 1990, Friedman 1988, Silver et al. 1991; Godfrey et al. 1983, 1993, Laughery &
Brelsford 1993, Donner & Brelsford 1988, Otsubo 1988, LaRue & Cohen 1987, Viscusi et
al. 1984, 1986, 1987a,b).
• Social factors like the behaviour of other people in one’s own environment play an important role when deciding whether to follow a warning or not (Wogalter et al. 1989, 1998,
Horst et al. 1993).
• Demographic characteristics also play a role when it comes to following warnings. For
instance the study by Laughery & Brelsford (1993) shows that women and older people
are more receptive to warnings.
• In stress situations people tend to follow warnings (Magurno & Wogalter 1994).
• Consumers are less willing to observe, read or follow warnings in the case of familiar
products (DeJoy 1989, Otsubo 1988). If consumers, however, know that a product is dangerous then they exercise caution even when the product label does not contain a warning (Viscusi et al. 1987a).
• The more a person knows about a risk, the more likely that person is to change their risk
judgement and the more likely that person is to follow warnings (Viscusi et al. 1984). The
authors believe that the shortage of impartial information about risks is the main reason
why many awareness-raising campaigns fail. The warning or deterrent component alone
cannot change risk perception and does not lead to warnings being followed (Viscusi et al.
1984, 1987b).
• Following a warning must not be linked with a higher outlay for the person concerned
whereby outlay here refers both to financial costs and time (Dingus et al. 1993; Wogalter
et al. 1987b, 1989, Viscusi et al. 1987a)

8

For more extensive information see Sattler et al. (1997).
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Status of research on the understanding of “risk”
Attributes of the assessment of “risk”

With reference to risk assessment Balderjahn and Wiedemann (1999) determined the importance of the different attributes for various groups (experts, lay persons, managers and public
authority staff). The test persons had to assess a hypothetical environmental risk that was
described along assessment criteria which were expressed in various characteristics. There
were variations in health impairments, environmental damage and likelihood of damage as
well as familiarity with the problem amongst the public at large and the growth in employment.
The results of the study show that the importance of the attributes scarcely differed at all in
the various groups. The likelihood of damage is the most important decision-making criterion
for all groups. Whereas in the case of the public authority staff, one third of the decisions by
experts and lay persons can be attributed to this criterion, only one-quarter of decisions by
managers can. The second most important attribute are the consequences for humans (approximately 25%) followed by increased attention and the consequences for the environment. Only for the experts are the consequences for the environment slightly more important
than the expected growth in employment. The criterion of critical public debate is relatively
unimportant. Only managers pay slightly more attention to this criterion.
Only minor differences were established regarding the individual attributes. Only experts see
cases of cancer as the least acceptable. Otherwise reproduction disorders meet with the
lowest level of tolerance. Aside from these differences the preference rankings are comparable in the four groups. When it comes to an impact on the environment, damage to the landscape is the most readily accepted compared with deteriorations in quality of air, drinking
water and damage to plants and animals. These latter aspects are weighted differently by the
groups but are still relatively close together. What is interesting is the weighting of probabilities of the various cases of damage. In contrast to the other groups experts are more willing
to accept a likelihood of damage of 1:1.000.000.

5.2 Intuitive Toxicology: Perception of the risks from chemical substances by lay
persons
In the 1990s Paul Slovic’s research group examined the intuitive understandings of toxicological concepts and situations and compared lay persons’ and experts’ judgements9. The
group conducted a series of surveys (Kraus et al. 1992, MacGregor et al. 1999, Mertz et al.
1998, Slovic et al. 1995, 1997) in various countries using the same method (with slight modifications in the follow-up studies). Four sets of topics were the starting point for the studies.
To this end statements were formulated which experts and lay persons were asked to assess. Here are the topics:
• Attitudes towards chemical substances (including statements like for instance, “chemical substances have more positive effects on our health than negative ones” or “ I do everything I can in order to avoid contact with chemical products and substances in my daily
life.”
• Attitudes towards reducing the risks from chemical substances (e.g..: “The use of
prescription medicines must always be free from risks.”)

9

The judgements of lay persons about hazardous chemical substances are described as intuitive toxicology which are set
against scientific toxicology.
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• Trust in animal experiments and bacteriological studies (e.g..: “If a scientific study
can prove that a chemical substance causes cancer in animals then we can be relatively
sure that it also causes cancer in humans.”)
• Dose-response relationship (e.g.: “If someone comes into contact with a toxic chemical
substance then he will probably suffer negative health consequences.”)
The studies on intuitive toxicology in the USA, Great Britain and Canada show that lay persons see chemical substances as more dangerous than experts (Kraus et al. 1992, Mertz et
al. 1998, Slovic et al. 1995, 1997). In contrast to lay persons experts assess chemical substances overall rather positively, and see the risks as being relatively low (with the exception
of cigarettes and asbestos) and believe that the regulatory provisions are sufficient (Slovic et
al. 1997). Lay persons are more frequently of the opinion that no expense should be spared
to ensure the safety of chemical substances: far fewer toxicologists share this opinion. Lay
persons show more trust in the safety of natural chemical substances compared with synthetic ones. They are more willing to tolerate risks in the case of prescription medicines than
experts. Lay persons understand more in the case of prescription medicines that the risk
depends on the dose administered. In the case of chemicals there are no such associations.
Furthermore, lay persons assess prescription medicines more frequently as less toxic than
pesticides. Toxicologists assume more frequently that the risk from medicines depends on
the dose and agree more frequently with the statements that a cancer risk of 1 to 10,000,000
is too low in order to be a cause for concern (Kraus et al. 1992).
Surprisingly fewer differences were observed between toxicologists and lay persons when it
comes to trust in animal experiments and bacteriological studies. As toxicological risk assessments draw above all on the results of animal experiments, the assumed hypothesis
was that toxicologists – compared with lay persons – will trust more in the power of these
studies when it comes to hazard identification (Neil et al. 1994). This hypothesis was not confirmed: around half of all toxicologists and lay persons believe that reactions by experimental
animals to chemical substances did not necessarily point to human reactions. Furthermore,
only a minority of toxicologists and lay persons believe that laboratory studies enable predictions to be made about the amounts of chemical substances which harm human health
(Kraus et al. 1992).
Another major difference between lay persons and experts is that far more lay persons believe that statements could be made about the cancer risk in humans on the basis of animal
experiments (Kraus et al. 1992, Slovic et al. 1995).
It is clear that the assessments by lay persons of animal experiments are not consistent: first
of all studies of this kind are estimated rather as being not robust when it comes to human
health. In the case of cancer, however, they believe that animal studies are robust. The fear
generated by this disease seems to encourage lay persons to trust in an unsuitable (in their
opinion) source of evidence.
Overall amongst lay persons there is slightly weaker dose-response sensitivity than amongst
toxicologists (Kraus et al. 1992, Neil et al. 1994). Lay persons agree far more frequently than
toxicologists with the following statements:
• Exposure to a toxic substance probably leads to adverse health effects in humans.
• Exposure to a carcinogenic substance probably leads to cancer.
• It is not the amount of pesticides but merely the fact of being exposed to a pesticide that
gives cause for concern.
• Reducing the concentration of a potentially harmful substance in drinking water would not
reduce the risk to health when drinking this water.
• There is no safe exposure level for a carcinogenic agent.
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When it comes to weighting to dose-response relationship, demographic characteristics play
a role. It is shown that older healthy individuals with a higher level of education take into account the dose dependency of effects (Kraus et al. 1992). Furthermore, this understanding is
clearly dependent on the content. Lay persons agree more in the case of prescription medicines than in the case of chemical substances with the statement that risk depends on the
dose ingested.
For the assessment of chemical risks the understanding of exposure is of key importance.
The results of the study by MacGregor et al. (1999) show that the idea of chemical exposure
and its possible health effects is inconsistent amongst lay persons. Firstly, there are very
different attitudes towards the importance of exposure in general; secondly opinions are divided about what level of exposure can be described as “extremely low”. This shows that the
term “exposure” can lead to very different ideas about the magnitude of exposure if no exact
explanation is given of the respective context. When examples are given of relatively low
exposure to known carcinogens, the vast majority of the test persons (more than 88%) believe that the onset of cancer is unlikely. If, however, they are asked whether there is a
threshold value below which no cancer is caused, opinions differ: 50.3% of the respondents
share this opinion, 27.5% do not and 22.2% are unable to answer the question (MacGregor
et al. 1999). Depending on the question format completely different answers are given.
Fig. 1 shows for example some results that document the attitudes towards exposure and the
dose-response relationship amongst lay persons.
The authors point out that their findings on “intuitive toxicology” have gaps. According to
them the results point to an “infection model” (Rozin et al. 1986) which is very different from
how toxicologists assess chemical substances (Neil et al. 1994, Slovic et al. 1997).
Fig. 1: Intuitive Toxicology – Answers by lay persons (L) and toxicologists (T)

In the case of pesticides the decisive
factor is not the amount but whether one
comes into contact with them.
In the case of a carcinogenic substance
there is no concentration at which contact can be described as harmless.

If you come into contact with a carcinogenic substance, it is likely that you will
get cancer.

L
T

L
T

L
T

If you come into contact with a toxic
L
chemical,
it iskommen,
likely that
will become
in Kontakt
istyou
es wahrscheinlich,
T
sick.
0

20

Percent
(Source: Kraus, Malmfors & Slovic 1992, 217).

40

60

Prozent

80

100

Ablehnung
Disagree
Zustimmung
Agree

BfR-Wissenschaft

18
5.3

Difficulties in understanding risk communication

For many years the difficulties involved in communicating risks have been the subject of research (see also Wiedemann & Schütz 2006). It mainly focuses on the following aspects:
Importance of probability statements: The importance of probability statements is not always clear – particularly as the term “probability” itself is interpreted in various ways by scientists (e.g. Gigerenzer, Swijtink & Porter 1998; Smithson 1989). It is true that probability
statements are present in everyday life – for instance in weather reports where the probability that it will rain tomorrow is given as 75%. But what does that really mean? Does it mean
that it will rain in 75% of the area concerned? Or that it will rain tomorrow for 18 hours (i.e.
75% of the time)? Or that it will rain on 75% of the days on which weather conditions like
tomorrows prevail (cf. Murphy et al. 1980)? There is a similar situation when a doctor tells his
patient that there is a 30% probability that a medicine will have a certain side effect. What he
means is that the side effect can be expected in 3 out of 10 patients who take the medicine.
The patient, by contrast, may understand this quite differently – that he will suffer from side
effects roughly 30% of the time during which he takes the medicine (cf. Gigerenzer 2002,
14f.). It is not always clear to which class of event probability statements refer.
Problems with low probabilities: Frequently the probability of damage to health is very low.
For instance in Germany the probability of dying from flu is roughly p = 10-6 or 1:1,000,000
(Health report of the Federal Government 2004).10 Many people find it difficult to interpret
small probabilities in a meaningful way and to distinguish between the orders of magnitude of
very small probabilities (e.g. 10-6 vs. 10-5) (Camerer & Kunreuther 1989; Magat, Viscusi &
Huber 1987). This is not particularly surprising because these orders of magnitude are outside normal human experience.
Understanding of qualitative probability statements: Verbal probability details are often
seen as “vague” by lay persons (cf. Budescu and Wallsten 1985; 1995, Fillenbaum, Wallsten,
Cohen & Cox 1991; Wallsten, Budescu, Rapoport, Zwick & Forsyth 1986; Zimmer 1983).
Furthermore, their interpretation is clearly easily influenced by the context. Contextual effects
on the numerical interpretation of verbal descriptions of probability like, for instance, “a few”,
“some”, “many” or of frequency like, for instance, “rare” have been observed in a series of
studies (Beyth-Marom 1982; Brun & Teigen 1988; Budescu & Walsten 1985; Fillenbaum,
Wallsten, Cohen & Cox 1991; Gonzales & Frenck-Mestre 1993; Hamm 1991; Teigen 1988;
Weber & Hilton 1990).
Verbal expressions may influence assessments in a subtle way (cf. Budescu & Wallsten
1995; Moxey & Sanford 1993; Champaud & Bassano 1987). There are for instance expressions which highlight the presence of an event like for instance “probable” or “possibly” and
others that stress the non-presence like for instance “doubtful” (cf. Teigen & Brun 1999;
2000).
Reinterpretation of quantitative probabilities: Under certain circumstances it must be born
in mind that (above all quantitative) risk characterisations may be “recoded” dichotomously.
Lippman-Hand and Fraser (1979) showed, for instance, that many people who were given
quantitative probability details about the occurrence of a genetic defect within the framework
of genetic counselling tend to translate this into “either or” categories. Similar observations
can be made for technology or environmental risks. Frequently the persons concerned are
not interested in the question about how large or small a probability is that they will develop
health impairments but rather whether there is that possibility or not (Van der Pligt & De Boer
1991).

10

Fatalities per 100,000 inhabitants (from 1998, region, age, gender, ICD-10): J11 flu (On the internet under: http://www.gbebund.de/)
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Difficulties with the “relative risk”: Stone, Yates and Parker (1994) found that risk information when presented as relative risks (e.g. doubling of the risk) exerted more of an influence
on judgement than a description of the incidence rate. This applies above all to very small
probabilities. For instance extremely low incidence rates are perceived as “almost zero”
whereas this is not the case when the relative risk is mentioned. In the experiments by
Stone, Yates and Parker (1994) people are willing to pay more for their safety when the risk
reduction is presented in a relative manner in comparison to a depiction using the frequency
rate. The results by Magat, Viscusi and Huber go in the same direction (1987).
Halpern, Blackman and Salzman (1989) observed that the depiction of probability as a relative risk led to an increase in the risk assessment compared to a depiction of the same probability with the help of the incidence of fatalities. Hapern et al. explained this difference by
saying that the respondents who were familiar with the frequency or absolute number of fatalities rate the risk differently because of knowledge about the basic rate (i.e. the basic frequency).
Understanding of quantitative risk details: Purchase and Slovic (1999) show that the different depiction of a risk assessment for a risk of the same numerical size leads to differing
risk perception depending on whether the assessment is presented as a threshold or nonthreshold assessment. In their experimental study the authors varied the depiction of risk
from carcinogenic substances in food. On the one hand the cancer risk was depicted as 1 to
100,000 (non-threshold model), in another as the 100,000 fold exceeding of the corresponding NOAEL in animal experiments (NOAEL + safety factor). Although in this constructed example the two sets of information correspond in arithmetic terms, the depiction as a nonthreshold model led to a higher risk perception – not just amongst lay persons but also
amongst experts.
Understanding of lack of clarity and uncertainty: Empirical studies show that discussion
of uncertainties in conjunction with information about risks is often not understood by the
recipients. Furthermore it leads to contrary assessments. In some cases it increases trust in
the source of information but in others it is also seen as a sign of incompetence and lack of
honesty (cf. Johnson & Slovic, 1995). Inconsistent findings (Bord & O´Connor 1992,
McGregor et al. 1994, Kuhn 2000) are available concerning the influence of risk perception
or concern. In another study on the perception and assessment of uncertainty in risk evaluations Johnson and Slovic (1998) observed that when confidence intervals are evaluated the
upper limit was seen as the most credible estimated value. Viscusi (1997) observed a similar
situation. Furthermore, the cause of uncertainty is not seen in the nature of the matter itself
but is rather attributed in most cases to social factors (in particular to one’s own interests and
the perceived incompetence of experts). Majority opinions are not seen as a convincing argument either; the test persons mostly believed the worst case even if this was only depicted
by one individual. Johnson (2003) shows in another study that the majority of respondents
prefer a simple assessment (“Is it safe?”) compared to details of uncertainty which are normally not understood either. When asked why experts indicate uncertainties about their risk
assessments, the tests persons tended more towards negative explanations (inadequate
knowledge, intention to mislead etc.).
Kuhn (2000) observes that the interpretation of uncertainty details depends on preconceived
ideas and the way in which the uncertainty is depicted. If, for instance, individuals are generally classified as concerned about risk, then they tend to believe more a worst case estimate
of the risk by a group of critics and not the more favourable assessment by a public authority.
That is why they have a higher risk assessment compared with people who are less concerned. This group difference could not be observed when the uncertainties are expressed
as a confidence interval or purely verbally i.e. when there are no details about the respective
sources. To put this more simply: when people discover information about the risk assessors,
they believe the ones they trust.
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Interpretation of limit values: Johnson and Chess (2003) show that reference to compliance with limit values is only effective to a limited degree when it comes to calming risk fears.
Whether this has to do with a lack of understanding of limit values or the procedures used to
set limits or a lack of confidence in the institutes carrying out the assessments is not clear.
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Workshop discussions – summary and results

Within the framework of the project two workshops were staged with experts from the Federal Institute for Risk Assessment (BfR) as well as a stakeholder workshop. Furthermore, an
expert meeting was held on the topic “Acidic food and dental health” with experts from dental
medicine which was conducted formally as an independent project. In terms of content it is
nonetheless part of this project.11
1. Internal BfR workshop on the problem of communication on “hazard” and “risk”.
The workshop was held in Berlin on 15 November 2005. Discussions focussed on the comprehensible conveying of the difference between “hazard” and “risk” as a precondition to
successful risk communication with consumers, and misunderstandings resulting from confusion about the concepts “hazard” and “risk”.
2. Stakeholder workshop on the topic: The difference between “hazard” and “risk” – a
problem for risk communication? The workshop was held on Berlin on 27 March 2006.
The workshop was attended by representatives of institutions which deal with “hazard” and
“risk” communication. The discussions aimed to determine whether and to what extent the
distinction between “hazard” and “risk” constituted a problem for BfR risk communication and
how to tackle this problem.
3. Final internal BfR workshop. The workshop was staged in Berlin on 5 April 2006. The
differences between “hazard” and “risk” communication were discussed. Other topics of discussion were the results of the analysis of the online BfR opinions (cf. also Chapter 7) carried
out by the Research Centre Jülich, Research area humans, environment, technology (MUT),
the planned experiment on the question of the distinction between “hazard” and “risk” by lay
persons, and the expert models on “hazard” and “risk”.
The main areas of discussion and the most important results of the workshop are presented
below. This means that very different opinions and convictions of the workshop participants
are represented here which may also contradict each other.

6.1

Challenges facing successful risk communication

In a first workshop four case studies from the BfR risk communication practice were used to
depict some comprehension problems arising from the mixing of the terms “risk” and “hazard” in communication. For the case study hair dye12 no “hazard” has been identified up to
now; in the public media debate, however, hair dyes are already presented as a risk. BfR has
the difficult task of communicating non-validated technical knowledge in a fair and comprehensible manner. For the case study quinine-containing beverages13 “hazard” and “risk”
have been identified and information about the risk must be communicated. The challenge
for BfR involves finding ways and means of reaching groups in the population for whom the
quinine-containing beverages are a risk factor (e.g. pregnant women). For the case study rat
poison there is a clearly identifiable hazard and a negligible low risk. The distinction between
“hazard” and “risk” is relevant here in principle but not so important for communication because the product is not freely available. BfR, therefore, has the difficult task of communicating the fact that the product is being withdrawn from the market only because of the hazard it
constitutes. The case study citric acid14 is a clearly identified hazard; whether or not it leads
to a risk depends on the amount, duration and frequency of exposure. The challenge for risk
11

Cf. also UMID 2, 2007, p. 8-11, “Acidic food and dental hygiene, results of an expert workshop”.
Hair dyes under close scrutiny: Their regulation on the European level, BfR opinion, 14 September 2004
13
Quinine-containing beverages can be problematic for health. BfR Health Assessment No. 022/2005, 17 February 2005
14
High levels of citric acid in confectionary and beverages increase the risk of dental damage. Updated BfR Opinion No.
006/2005, 9 January 2004.
12

22

BfR-Wissenschaft

communication is that although the risk from acids is rather low and easily avoidable, the
hazard must be discussed as the population is scarcely aware about the hazard of acids for
dental health.
The scientific risk assessment of a substance or product by BfR and the information for consumers are processed differently because of the varying level of knowledge amongst the
recipients. According to the experience of BfR staff, a consumer does not always understand
BfR information as he merely expects clear recommendations about the risk from a public
institution. A public institution must, however, disclose the scientific evidence for its assessments in order to avoid any doubts about its competence and credibility. Some aspects of
risk assessment are not easily comprehensible for lay persons, e.g. probable occurrence of a
risk, uncertainties in the overall assessment (above all because exposure as a rule can “only”
be estimated because of missing data). It is almost impossible to communicate to lay persons the different interpretations of study results by toxicologists. In some cases the hazard
can (still) not be characterised (like the case study hair dyes). At the same time it is common
knowledge that the population is exposed to it. Despite the uncertainties BfR is obliged to
communicate about this because a public institution cannot wait to act until all uncertainties
about a dangerous substance have been removed. The handling of uncertainties and the
exact determination of the evidence level about a dangerous substance are very important
aspects of BfR’s work. According to the Equipment and Product Safety Act, only manufacturers, importers and regional public authorities may issue warnings but not federal public authorities.
As a public institution BfR must initially determine in its risk assessment whether a limit value
has been exceeded. In contrast to Stiftung Warentest, which tests individual products - even
when the dangerous substance contained therein is below the standard - BfR is not empowered to propose protective measures against exposures to a substance if exposure is below
the standard. Furthermore, there are several standards for some substances (e.g. copper).
This is an additional obstacle to communication. It is not the task of BfR to determine which
standard is “the right one”. It merely has to communicate the fact that there are various standards.
The workshops also looked at social aspects that impede risk communication by BfR and
which BfR cannot influence. One of these challenges is the widespread negative attitude
towards chemicals amongst the public at large. This is expressed above all in the rejection of
additives in food which are associated with a negatively viewed concept chemicals. The
mass media, the main source of information for consumers, are partly responsible for the
appearance and spread of these attitudes, fears and misunderstandings in conjunction with
risk communication. As a rule the media are not interested in any separation between hazard
and risk communication because if they were to take a comprehensive look at the risk, in
many cases it would probably turn out to be too low to be worth reporting on.
Negative attitudes fuelled by the media amongst the public at large are, in principle, a challenge to the publishing of scientific arguments about an assessed product/substance. In
these cases there are mixed messages: for instance attention is drawn to the low risk but, at
the same time, it is recommended that the food named should only be consumed in moderation. This may lead to the impression amongst consumers that these statements contradict
the media reports.
Another challenge involves the fact that the guaranteeing of product safety is the responsibility of manufacturers. In order to protect themselves from a situation in which use of the product has negative consequences, manufacturers frequently also warn about risks whose occurrence is unlikely. This excessive labelling does not help consumers to realistically assess
the risk to themselves. Furthermore, the excessive labelling on products means that any
warnings about really dangerous products are taken less seriously.
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(When) is hazard communication sufficient?

Many participants in the stakeholder workshop tended towards the opinion that hazard communication is more important than risk communication. This was based on the argument that
the goal of risk communication - an informed decision - can also be achieved with hazard
information. As consumers already rely on the health safety of approved products, the labelling of a product as “dangerous” is helpful when making a purchasing decision. As a rule,
consumers decide not to purchase a product because of the fact that it contains a dangerous
substance (hazard information) and not because it contains so much of a dangerous substance (risk information). Hence hazard information is often sufficient for a purchasing decision.
Frequently, a hazard becomes a risk because of incorrect use of the product. In these cases
it is important to provide information about the proper handling of a product in hazard communication. What is particularly problematic here is the fact that consumers sometimes believe that they are handling a dangerous product like, for instance, rat poison correctly but
are not aware of the concrete dangers – also because they are rarely discussed in the media.
The participants agreed that hazard communication suffices when it can lead to the avoidance of exposure. Of course, consumers must have an opportunity to decide about avoiding
exposure.

6.3

When is hazard communication not sufficient?

Hazard designations like “genotoxic” or “carcinogenic” do not say anything about the actual
risk as they do not provide any information about actual exposure. Whether the risk in a concrete case is very high or low cannot be determined from the hazard information.
The research findings available about many substances used in foods are relatively contradictory. Nevertheless, scientists make dietary recommendations without discussing the uncertainties in risk assessment. Hence the workshop participants indicated that these uncertainties should also be pointed out.
When it comes to distinguishing between “hazard” and “risk” it should be noted that some of
the participants in the stakeholder workshop were initially sceptical about whether it makes
sense and it us even possible to separate the two terms “hazard” and “risk”. The prevailing
opinion was that communication should focus on the hazard as it was more useful as a decision making aid than the risk. In the discussions, however, arguments were also advanced
that when explaining many dangers, hazard information does not suffice as an aid for the
correct assessment by an individual of how it affects him/her or for the choosing the right
course of action.

6.4

The BfR risk communication model

The distinction between “hazard” and “risk” is always relevant for BfR communication. The
decision about possible risk communication goals should be based on precise risk characterisation. If at all possible information should, therefore, be provided about the risk as well.
Hazard information is only then sufficient when no data are available about exposure. In
communication it must, however, be made clear that this is also a risk assessment. Hence in
BfR’s awareness-raising activities vis-à-vis consumers, risk assessment plays a central and
hazard information a secondary role.
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Within the framework of the project, MUT analysed 108 BfR opinions with a view to identifying the central arguments used in risk assessments. In this context it came to the surprising
conclusion firstly that the information about acrylamide is the only example of classical quantitative risk communication in the BfR opinions.15 Secondly it observed that a comparison
with a standard is the central argument used by BfR. A standard (e.g. a limit value) is a legally tangible foundation for a risk assessment. Hence comparison with a standard is the
most frequently used and preferred risk assessment tool of BfR.
At the second internal BfR workshop the working group on risk assessment and impact assessment suggested - as a modification to the distinction between hazard and risk communication proposed by MUT (see Table 1: Ideal statement) – in line with the BfR working methods a communication model entitled Risk communication with the sub-concepts Communication about hazard, Communication on exposure and Communication on risk (see Table 2: ).
The individual sub-concepts from the communication models can be classified in various
ways depending on whether they are considered from the toxicological or from the communication perspective. Here it should be noted that the specialised departments of BfR accentuate different aspects of this model: for the Food Safety Department communication on the
risk is centre stage, for the Chemicals Department, by contrast, the description of the hazard.
Table 2: Differences between communication on “hazard” and “risk” (BfR Risk Assessment and Impact
Assessment Unit)
Aspect

Communication on hazard

Communication on exposure

Communication on risk

Goal

To achieve informed decisions and behaviour

To achieve informed decisions and behaviour

To achieve informed decisions and behaviour

Intention

Education, recommendations

Education, recommendations

Education, recommendations

Type of information

Based on deterministic information

Mainly based on probabilistic
information

Based on deterministic and,
in some cases, on probabilistic information

Complexity

Requires knowledge about
the hazard:

Requires knowledge about
the exposure:

• Knowledge about possible
action thresholds
• Knowledge about doseresponse relationships
• Knowledge about different
sensitivities
• Knowledge about factors
that influence effect
• Handling uncertainties

• Exposure
• Probability
• Knowledge about spread
of the agent
• Knowledge about possible
exposure limit values
• Knowledge about different
exposed groups in the
population
• Knowledge about exposure factors that influence
effect
• Handling uncertainties

Requires knowledge about
the hazard, exposure and
potential damage:

Understanding R and S
phrases, pictograms and
references to dangers

Conveying statistical statements

Typical difficulties

15

• Knowledge about spread
of the agent
• Handling uncertainties

Conveying statistical statements
Influence of intuitive risk
perception and preconceived
ideas on the source of the
risk and the risk producer

Two years acrylamide – A stocktaking from the angle of risk assessment, BfR opinion, 19 March 2004

BfR-Wissenschaft
6.5

25

Recommendations for appropriate risk communication

In the stakeholder discussion it was stressed that there is no such thing as the consumer.
Consumers have different abilities and degrees of willingness to use risk information. Many
factors play a role, e.g. level of education. Risk information should be adapted to the recipients’ different abilities and needs. Risk assessments should be presented in a short, simple
and clear form as well as in their full version. Information for consumers should be presented
in such a way that as many people as possible can understand it but it nonetheless contains
all the main elements of a risk assessment like, for instance, details of exposure: what does
the level of exposure mean, are sufficient exposure data available and if not, why not etc.?
The emphasis should not be on the level of the risk but far more on the ways and means of
avoiding it. The overriding goal of risk communication should be transparency and less the
influencing of behaviour. The consumer has a right to information and that’s why as much
sound information as possible should be made available to him – how he then deals with it
should be left to him.
A risk assessment normally looks at individual products or situations but in reality people are
not just exposed to a single influence. That’s why risk education activities should definitely
not ignore the hazard aspect. Under certain circumstances this may be more helpful when
taking a decision than to have a comprehensive risk assessment which could lead to a false
sense of security if people believe they are only exposed to one influence. Furthermore, information with no substantiation cannot be effective and that is why it is not possible to provide information on a risk without pointing out the hazardous nature of a substance. Hence
information from BfR should always draw attention to the risk, too. If the risk cannot be assessed, then this should be indicated as well. When providing information about hazards and
risks, the extent to which consumers themselves have any opportunities at all to influence
the hazard and risk should be borne in mind.
The stakeholders do not agree on whether and, if so, how consumers should learn about
uncertainties and risk assessment. Some feel that a serious, probabilistic risk assessment
should convey the degree of assessment uncertainties. However it is almost impossible to
communicate the different interpretations of results by experts. A federal institute should enable consumers to draw on their own assessment arguments and to compare them with arguments found in other consumer information (e.g. from manufacturers) in order to be able to
understand the relevant arguments but also the interests of the different sides.
Other discussion participants didn’t think it was a good idea to burden consumers with questions about uncertainty and differences of opinion when it comes to risk assessment. Consumers simply needed clear recommendations from a trustworthy source of information
when it came to handling a possible hazard. Hence in many cases in which there were many
uncertainties in risk assessment, it would be sufficient to give a recommendation about how
to avoid exposure.
From the daily practical angle the distribution of tasks on communication between risk assessment and risk management institutions is very important. In this context the multipliers
are important target groups of BfR communication. The role of the mass media as the main
source of information was stressed in particular as was their responsibility for misunderstandings and prejudices amongst the public at large which often result from the one-sided reporting that focuses on hazards. That’s why communication between BfR and the media was
very important in order to ensure that they communicate the facts on which a BfR risk assessment is based in a fair and transparent manner.
As a public institution BfR “merely” observes in each concrete case whether a limit value has
been exceeded. Consumer organisations provide information about which product has, for
instance, the lowest level of pesticides. To that extent consumer advice centres play a differ-

BfR-Wissenschaft

26

ent role as contacts for the non-informed citizen from that of BfR. Hence, consumer advice
centres are also a very important target group for communication by BfR.

6.6

Recommendations for general communication on risks

The stakeholders do not believe it is realistic to build on citizens’ “risk maturity” when it
comes to risk communication. The PISA study16 identified an unsettlingly high degree of
“conceptual illiteracy”. An understanding of the concepts and terms is, however, the main
precondition for risk information being understood. Hence educational institutions must be
involved to a greater degree in the conveying of risk information. Good teacher training plays
a key role here. As hazards frequently only become risks because of the incorrect use of
substances or products, it makes sense to offer risk communication that emphasises the
need for correct behaviour in general education and through the media (e.g. Stiftung Warentest).
Finally, the multipliers of risk information and scientists must also show “risk maturity”, i.e.
they must realistically estimate the reach of their risk expertise and show reticence when it
comes to hasty practical recommendations.

6.7

Suggestions for future research

A proposal was made to test how the different argumentation figures, which are to be found
in the BfR opinions, are taken on board by consumers and to identify the best way of presenting risk information in a comprehensible manner to lay persons.
The development of a scientific approach to structured risk communication would be an interesting next step for this project, too.

16

Programme for the international assessment of pupils
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Experiments on differentiation between “hazard” and “risk”

Information is provided below about an experimental study which aims to determine whether
lay persons distinguish between the concepts “hazard” and “risk” and, if they do, to establish
which cognitive characteristics they use to define these concepts.

7.1

Methodological approach

The goal of the experimental study is to examine whether lay persons distinguish between
“hazard” and “risk”. The only study so far which has examined this question (Young, Brelsford & Wogalter 1990) came to the conclusion that lay persons do not see any difference
between these two terms as there was a high degree of correlation in their study between
hazard and risk assessments (in the range of 0.93 to 0.96). Although high correlations are in
principle a good indicator for the similarity of concepts, they are not suitable for the question
in hand. This is because there is a logical association between the assessment of a hazard
and that of a risk which renders questionable the interpretations of correlations. If a risk is
estimated as large, then the hazard must be large too. A high correlation between “hazard”
and “risk” assessment cannot, therefore, only be attributable to the fact that no distinction is
made between “hazard” and “risk”; it can also result from the technically correct considerations.
Hence in the study into whether lay persons distinguish between “hazard” and “risk” a different approach was selected: the method of “information tracking”. With this method an analysis can be undertaken of the information which people use when they have to make a
judgement (e.g. give an assessment or take a decision).
This approach has mainly been used up to now in studies on decision-making processes in
which it was not only about establishing which decisions people take (and whether they are
reconcilable with a normative decision-making model) but also about how they come to these
decisions (process tracking; cf. Harte & Koele 1997; Payne 1976; Payne, Bettman & Johnson 1993). Here it is assumed that the type of information search, i.e. the selection of information on offer and the information search patterns, provide insight into what information is
deemed important, e.g. in respect of a decision to be made or an assessment. This assumption also applies to our case. If one offers different types of information, which are relevant
for the assessment of a hazard and information which is relevant for the assessment of a
risk, then questions about the information and the assessment of its relevance can provide
insight into whether people distinguish between “hazard” and “risk”.
Workshops with experts from BfR and from the field of dental health sought to identify the
expert models on “hazard” and “risk”. In parallel a pre-test looked at whether the information
tracking approach is, in principle, suitable in the context of “hazard” and “risk” assessments.
Based on knowledge from the pre-test, the actual experiment was then carried out.

7.2

Expert model on “hazard” and “risk”

Based on the Mental Model approach17 four case studies (hair dye, quinine-containing beverages, rat poison and citric acid) were discussed with BfR experts (internal BfR workshop,
15 November 2005) in order to identify the relevant aspects for the distinction between “hazard” and “risk”. Two weeks later, on 28 November 2005, the case study citric acid was examined in depth by MUT at the expert meeting “Acidic food and dental hygiene” staged on be17

Cf. Morgan, M.G., Fischhoff, B., Bostrom, A. & Atman, C.J. (2002): Risk communication: A mental models approach. New
York, NY, US: Cambridge University Press.
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half of BfR.18 For this expert meeting MUT drew up a structural model19 initially on the basis
of a literature analysis on the impact of acidic food on dental health which was then reviewed
in discussions with the help of experts from the field of dental health. Fig. 2 gives the final
model.
In the expert discussions it became clear that structural models of this kind are not very helpful for distinguishing between “hazard” and “risk”. Structural models mainly describe chains of
action in which the overlap between “hazard” and “risk” does not play any role. It is only at a
later stage that specific sections of the model can be assigned to the area “hazard” or “risk”.
Fig. 2: Expert model on acidic food and dental health

Expert model
Acidic food

Amount

Frequency

Scientific evidence
Acid→Dental erosion

• All acids can erode teeth.
• Laboratory studies show
that in pH ranges below 4
dental substance is dissolved without any mechanical impact.

Acid
food

Compensation
through other
ingredients:
• ·Milk
• ·Cheese

Dental erosion

Susceptibility partly
genetically determined

Oral hygiene

Other foods

For the staging of the online experiment no structural model was, therefore, developed. The
relevant characteristics in the opinion of experts for “hazard” and “risk” were compiled as a
list. At the second internal BfR workshop (25 April 2006) the following aspects were identified
together with the BfR experts as being of importance in the opinion of BfR for the assessment of the hazard and the assessment of the risk of a chemical substance:
Aspects related to “hazard”:
• Identification of the substance for evaluation
• Physical-chemical properties of a substance – including colour, density, melting point,
boiling point, solubility etc. Volatility is an important physical-chemical property as volatile
substances can be inhaled and are, therefore, more dangerous than non-volatile ones.
The determination of impurities in a substance is also important in hazard characterisation
as they may be highly toxic.
• Degree of hazard associated with a substance
• Possible endpoints (damage) through the substance (carcinogenicity, teratogenicity,
mutagenicity, etc.)

18
19

Cf. also UMID 2, 2007, pp. 8-11, “Acidic food and dental health” result of an expert workshop.
A model of this kind contains the relevant aspects for the assessment of a situation.
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• Database: how reliable are the available scientific data? How many studies have been
conducted? Are there studies in humans or in animals (problem of extrapolation)?
• Level from which the substance is harmful for man
• Behaviour of the substance in the body: accumulation and breakdown (aspects of toxicodynamics and toxicokinetics)
• Classification and labelling of a substance on the basis of EU criteria
• Uncertainties in the assessment (e.g. extrapolation of animal models to humans)
Aspects related to “risk”:
• Exposure
- Presence of exposure
- Exposure pathways
- Frequency of exposure
- Length of exposure
• Level of risk
• Individual susceptibility (vulnerability)
• Summary risk assessment
• Uncertainties in assessment (above all when estimating exposure)
The aspects related to “hazard” and the aspects related to “risk” are the foundation for the
selection of the information statements in the online experiment.
The discussions revealed that the different examples do differ in certain ways, for instance
with reference to the scientific knowledge or risk management. However there are no major
differences concerning the distinction between hazard and risk. It is always about certain,
constitutive characteristics of the concepts “hazard” and “risk”. For the online experiment one
single case study was, therefore, selected. The staging of the experiment with four different
case studies would have made it far more complicated without supplying any additional information.

7.3

Pre-test

In the autumn of 2005 the viability of the information tracking approach was examined in a
pre-test. The main interest focussed on whether the study participants understand the procedure, can implement it without any major difficulties and whether the data permits valid conclusions about conceptual structures.
The pre-test was conducted by psychology students at the University of Innsbruck. They recruited people from their social environment as study participants. A total of 110 people aged
between 14 and 84 (mean: 32 years of age) took part in the pre-test. 52% of the participants
were male, 48% female. 45% of the participants were students, 20% employees/civil servants. A further 23% were active in the service sector (e.g. teaching, medicine), the remaining 15% were housewives, pupils, old age pensioners or self-employed.
The study participants were told that it involved the risk assessment of chemical substances.
They were then given 16 information cards with various aspects which are relevant or irrelevant for risk assessment (see Table 3). They were asked which information they used to assess the risk of a chemical substance. The study participants were then asked first of all to
select the cards which in their opinion were important. The unselected cards were laid aside.
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Then the participants were asked to rank the information cards in order of importance
whereby the most important was given rank 1, the second rank 2 etc.
Table 3: Texts of the 16 information cards from the pre-test
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.

Type of possible disease
Who is affected
How quickly is the substance broken down in the body
How does the substance reach the body
Does the substance accumulate in the body
On what scale has the harmfulness of the product been proven
How frequently does one come into contact with it
Is the substance banned
Do we know what amount of the substance is harmful
Who says that the substance is harmful and who does not
In which study objects were the studies conducted
Is it a new substance
Where is the substance used
Benefits of the substance
Production volume
16. Manufacturer

The protocols on the course of the study for the students who conducted the pre-test show
that there were no major problems. For most study participants the procedure was clear and
the cards could be ranked without any difficulty.
On average 7.6 cards were deemed important for risk assessment (median: 7). Just under
75% of the study participants selected between 5 and 9 cards (cf. also Fig. 3).

Fig. 3: Number of cards selected
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If one looks at the ranking of the information20 then two things become apparent (see Fig.
4:21). On the one hand information which is important from the expert (toxicological) angle for
20

21

As only a few study participants ranked all 16 cards, this raises the question for the evaluation about how to deal with the
unused ones. For the purposes of this analysis the unused cards were given the ranking 17.
In the box plot the box shows the mean 50% of distribution (25th up to the 75th percentile), the horizontal lines (whiskers)
show the distance from the edge of the box to the largest or smallest values which are less than 1.5 box lengths from the re-
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risk assessment is deemed to be important by most participants, too, and given a correspondingly high ranking. Hence the statements which refer to the type of hazard, doseresponse relationship or exposure, are attributed high priority. Vice versa technically irrelevant information (whether it’s a new substance, manufacturer, production volume) was
deemed to be unimportant by most participants for their assessment (ranking 17).
On the other hand there is considerable variability in the rankings. For most of the cards the
rating of importance by half of the study participants varied by 10 or more ranking positions.
In other words there is a series of statements for which there is a considerable lack of unity
concerning their importance – these are mainly the statements with middle rankings. But also
in the case of the technically irrelevant information, which was deemed to be unimportant
and laid aside by most participants, there are still individual participants (indicated with stars)
who give that information a high ranking.
Fig. 4: Box plot of the information rankings
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The results of the pre-test are: (1) The information tracking approach is also valid for risk
assessments. 2) Most study participants only consider 5 out the 9 cards to be important for
their assessment of the risk. (3) When ranking the cards in terms of their importance major
differences appear between the individual cards. In particular information which is deemed
important from the expert (toxicological) angle for risk assessment is also considered important by most participants and given a correspondingly high ranking. Nevertheless, a high
degree of variability must be expected particularly in the case of less important information.

spective end of the box. The circles and stars indicate individual values which are outside this range (outliers and extreme
values). The black vertical lines in the box show the median.
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7.4
7.4.1

Online experiment
Design

The online experiment follows a 2x2 factorial design. The first factor has two levels and varies the central question. Firstly, a question is asked about the assessment of the hazard, and
secondly about the assessment of the risk. The second factor varies the information conditions. In one case the test persons were informed about the difference between “hazard” and
“risk” and could find out the nature of the difference; in the second case there was no such
instruction or opportunity to obtain information. Table 4 gives the study design.
Table 4: Design of the online experiment
Task
Assessment of hazard
Assessment of risk
Information about the difference between hazard and risk

7.4.2

Yes

No

Yes

No

Material

Based on the aspects of “hazard” and “risk” generated in the above procedure, a list of 18
statements were generated which encompasses various information aspects:
•
•
•
•

Statements which provide important information for the assessment of the hazard
Statements which provide important information for the assessment of the risk
Statements which provide background information and
Statements which provide information on aspects that are not relevant for the hazard or
the risk assessment.

Table 5 gives the statements and the allocated categories.
Table 5: List of 18 pieces of information for the online experiment
Text
Which substance is involved?
How hazardous is the substance?
Do we know from what amount the substance is harmful for humans?
Does the substance accumulate in the body?
How quickly is the substance broken down in the body?
Has the substance been classified in line with the EU criteria for dangerous
substances?
Is there a limit value?
How does one come into contact with the substance?
How long is one exposed to the substance?
To what concentration of the substance is one exposed?
Are there certain groups of people who are particularly sensitive?
What does the risk assessment show?
In which investigation subjects was the substance examined?
Is there agreement in science about the evaluation of the substance?
How much do we know about the substance?
Where is the substance produced?
Who produces the substance?
What is the substance still used for?

Category
Hazard-related
Hazard-related
Hazard-related
Hazard-related
Hazard-related
Hazard-related
Risk-related
Risk-related
Risk-related
Risk-related
Risk-related
Risk-related
Meta-information
Meta-information
Meta-information
Irrelevant
Irrelevant
Irrelevant
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A BfR health assessment from 15 April 2004 was selected as the stimulus material for the
experiment: “Solvent in glue for table tennis bats”. This health assessment was selected because it contains diverse information on aspects of the assessment of “hazard” and “risk”22.
Another important criterion for selection was that this is a realistic scenario but that the participants were scarcely likely to be affected by it personally. The aspect of being personally
affected was discussed at the stakeholder workshop where participants pointed out that being personally affected by a risk can influence the individual assessment of that risk – a finding which is repeatedly confirmed in risk perception research (e.g. Marks & von Winterfeldt
1984, Tyler & Cook 1985, Weinstein 1989). Therefore an example was chosen for which this
element of being personally affected was rather unlikely.
The box below contains the text for the test condition “hazard assessment” which informed
the test persons about their task. Throughout the experiment the term “hazard” was not used
but its colloquial counterpart “hazardousness”. In the text a question was asked for the test
condition “risk assessment” about the risk instead of the hazard (see also Annex 4: Screenshots).
Box 1: Instruction of the test persons (for the condition “hazard assessment”)

Quote from the BfR opinion:
“To improve the speed and spin of the table tennis ball, the rubber coating of the racquet was repeatedly glued to the table tennis blade. This “regluing” is done before each training session or tournament, and repeated several times during the tournament. When gluing a gas cushion forms below
the rubber coating which gives higher speed and a better “spin” to the ball.
Different companies sell glue for regluing which contains a high proportion of volatile organic solvents. During gluing some of the solvent evaporates. It is suspected that high, harmful concentrations of solvent may be emitted in the so-called “glue rooms” where gluing takes place.
Many types of glue contain the chemical substance “cyclohexane” as the solvent.
We would like to know how you judge the hazardousness of this solvent.
For that purpose we have put together information which you can view on the following pages.
Please look at the information and then make your judgement.
You can look at the information as much, as often and for as long as you like.

7.4.3

Conduct

The online experiment was announced and accessed via the BfR website. One advantage
was that the circle of individuals was identified which BfR directly reaches via its Internet portal. The experiment was presented on the internet as a flash application whereby the arrangement of the information statements on the screen was randomised in order to avoid
serial affects. Annex 4: the screenshots show the individual steps in the experiment.
The experiment began on 20 June 2006 and was online up to 24 July 2006. Fig. 5 shows the
distribution of the participant numbers over the timeline. Around three quarters of participants
already conducted the experiment in the first week; after that the figures fell markedly. Participation peaks – aside from the start – are clearly recognisable on Sundays.
Random sample
In total 477 people aged between 12 and 68 took part in the experiment. The 12-year old
participant was excluded from the data analysis as it cannot be assumed that at that age he
is already able to take part in the experiment in an appropriate manner. Two further partici22

Other aspects, in particular in the category “irrelevant” were researched on the Internet.
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pants were excluded because of overly short processing times (cf. on this subject the following section on processing times).
For the adjusted23 random sample (n = 474) the average age of participants is 41 (± 9.7) with
a range from 17 to 68. 293 (64%) of the participants were male and 162 (36%) were female.
19 participants (4%) did not provide any information. On average the male participants were
slightly older than the female ones (42 vs. 39 years of age, p < 0.001).
Almost two-thirds of participants had a university degree (n = 307, 65%) and a further 84
(18%) had a final school-leaving certificate. Only 14 participants (3%) had an intermediate
school-leaving certificate and 63 (13%) had a lower school-leaving certificate (no data: 6 persons, 1%). There were no statistically significant differences between men and women in
terms of educational level.
Fig. 5: Course over time of participation frequencies in the online experiment
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226 people (48%) answered “Yes” to the question: “Are you a doctor, biologist, chemist or
familiar in any way with the principles and methods for the assessment of the health effects
of chemicals?” 240 (51%) answered “No”. 8 participants (2%) did not make any response.
Here again there were no statistically significant differences between men and women.
It is clear that this random sample cannot be seen as representative for the German population. Nor was this the intention of the study. We address further below in the discussion of
the results the consequences this has for the interpretation of the experiment results.
Processing times
The processing times for the experiment fluctuated considerably. They are between 42 seconds and 6451 seconds (that means 1:47:31 hours). The median of this distribution is 402
seconds (6:42 minutes). As Fig. 6 shows, most of the processing time is in the range below
1000 seconds. In fact 90% of the cases are in the range between 207 seconds (3:27 min23

Cf. explanations in the Chapter on processing times
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utes) and 706 seconds (11:46 minutes). Some tests revealed that for one processing of the
experiment when reading quickly, a minimum number of 5 statements takes at least 90 seconds. It is, therefore, questionable whether we can assume that the test persons who took
less than 90 seconds had in fact read the information. However this only applies to three
individuals whereby 2 participants (with 42 and 78 seconds) were far lower than the 90 seconds. These two individuals were not taken into account in the data evaluation. One participant with 88 seconds was just below the 90 second limit and was not excluded. For the adjusted random sample (n= 474) 90% of the cases are in the range between 210 (3:30 minutes) and 707 seconds (11:47 minutes).
Fig. 6: Frequency distribution of the processing time
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Implementation of test conditions
The allocation of the test persons to the test conditions was done in a random manner. In
addition, a balancing algorithm ensured that random fluctuations did not lead to an overly
uneven occupation of the test conditions. Table 6 confirms that this was successful.
Table 6: Case numbers in the test conditions
Information
No information
Total

Hazard
117
118
235

Risk
119
120
239

Total
236
238
474

However it was revealed that most test persons in the test condition in which reference was
made to the difference between “hazard” and “risk” with information that could be consulted,
did not read this information. Only 62 (26%) of the 236 participants in this condition clicked
on to the information. Here there is no link between not looking at the information and sociodemographic characteristics like age, gender or school education. No association can be
statistically confirmed either for expert status, i.e. whether a participant describes him/herself
as an expert in risk assessment issues although only 22% of the experts looked at the information compared with 30% of non-experts.
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For roughly 75% of the people in this test condition it is, therefore, unclear whether they are
informed about the difference between “hazard” and “risk”24. In the analysis the categories
originally envisaged in the test plan “information-no information” are not used but the categories in column 1 of Table 7 are used.
Table 7: Extended categorisation of the information test condition and case numbers

Information looked at
Information not looked at
No information given
Total

7.4.4

Hazard
Risk
Total
assessment assessment
30
32
62
87
87
174
118
120
238
235
239
474

Results

Number of statements looked at
The mean is 14 statements and the maximum number of statements viewed is 4825. This
means that some study participants looked at statements several times (which was also explicitly permitted). Figure 7 shows a bimodal distribution. The median is 18 statements, i.e.
half of the participants looked at all 18 statements (in some cases several times over); just
under 20% of participants looked at only 5 or 6 statements.

Number of participants

Fig. 7: Frequency distribution of the number of statements taken into account

Mean= 13.92
Standard
deviation= 6.052
N=474

Total number of statements looked at
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This cannot be ruled out because one reason for not consulting the information could be that the test persons are familiar with
this difference.
As the study participants had to look at at least 5 statements, the mean could not be below 5.
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Frequency of consultation of individual statements
One indicator for the importance of statements for test persons is the frequency of consultation. As can be seen from Table 8, the two statements which provide general information on
“hazard” and “risk” were selected the most frequently26. The statements which provide information on the manufacturer or production site were the ones which were consulted the least
by far.
Table 8: Frequency of consultation of statements
Statements
How hazardous is the substance?
What does the risk evaluation show?
Does the substance accumulate in the body?
Is there a limit value?
Do we know what amount of the substance is harmful to humans?
To what concentration of the substance is one exposed?
Is there agreement in science about the evaluation of the substance?
How quickly is the substance broken down in the body?
Has the substance been classified in accordance with EU criteria for
dangerous substances?
Are there specific groups of individuals who are particularly sensitive?
How long is one exposed to the substance?
How does one come into contact with the substance?
How much do we know about the substance?
For what purpose is the substance used?
Which substance is it?
In which study objects was the substance examined?
Who manufactures the substance?
Where is the substance manufactured?

Hazard
Risk asTotal
assessment sessment
204
210
414
196
205
401
196
198
394
195
196
391
184
193
377
184
189
373
183
188
371
172
186
358
177
177
354
165
162
169
167
163
160
162
137
135

185
180
169
169
167
163
161
141
138

350
342
338
336
330
323
323
278
273

All the same these irrelevant statements are still relatively frequent. This situation reveals
that more than half of the test persons (273 and 278 out of 474) have inadequate cognitive
strategies when it comes to risk and hazard assessment.
What is also interesting is that the category “Is there agreement in science about the evaluation of the substance?” was selected by 78% of the test persons. Clearly mega-cognitive
aspects of risk analysis of this kind have a high information value for test persons.
In order to examine whether differences between participants asked to undertake a hazard
assessment and those asked to undertake a risk assessment are reflected in the frequencies
of the statement choices, chi² tests were calculated for the individual statements. No statistically significant differences were observed. Even if one only looks at the 62 participants who
did in fact read the information about the differences between “hazard” and “risk”, there is no
statistically significant difference. The fact that no differences were observed in the frequencies is not, however, surprising given that – as depicted above – around half of the participants looked at all 18 statements.
Information search patterns
The analysis of series in which statements were consulted shows that there are no two
search patterns with an identical sequence of consulting statements. This indicates that there
is no general cognitive strategy according to which the information search is organised. This
interpretation is also backed by the fact that – as in the previous section – around half of the
participants looked at all 18 statements. For the targeted solving of the assessment task the

26

Statements can also be looked at several times. This is not taken into account here and is not relevant to the question as
multiple selections do not provide any insight into the importance of the statements.

38

BfR-Wissenschaft

stipulated minimum number of 5 statements to be consulted would have been completely
sufficient.
Without a general cognitive strategy for the information search the lack of any correlations in
the search patterns is not surprising. After all for 18 statements there are 18 factorial search
patterns, i.e. sequences in which statements can be consulted (whereby it is assumed that
each statement can only be consulted once). This leads to a high number of permutations:
18 = 6.4 x 1015. In fact the number of possible search patterns is far larger because not all 18
but also (at least) 5, 6 or 7 statements had to be looked at. In total 1.74 x 1016 search patterns are possible (whereby here the possibility of multiple selections of the same statements
has not been taken into account)27.
This heterogeneity does not change either if one only considers the first 5 statements examined. Here, too, there are no two identical search patterns.
As outlined above, the individual statements can be assigned to specific categories. 6 statements refer to aspects of relevance for the hazard assessment and 6 other to aspects of risk
assessments. Three statements provide background information on the quality of knowledge
about the substance and three statements concern aspects which are of no importance for
the hazard or risk assessment (see Table 5).
There are no clear search strategies on the category level either. One search pattern is used
three times (H-H-R-R-H) and 5 search patterns are used twice but in fewer than 3% of all
cases. One certainly cannot say here that the information search by participants is characterised by a generally available search strategy. There is more correlation in the search patterns if one only looks at the categories for the first 5 statements consulted. Here there is a
search pattern which was used 7 times (R-H-H-R-R) and four search patterns which were
used 6 and 5 times. Here again 30% of all search patterns were still only used once.
What is particularly worth noting when it comes to the question about the distinction between
“hazard” and “risk” is that there are no search patterns which only access “hazard” or “risk”
related categories. Search patterns of this kind would be logical from the technical angle: HH-H-H-H for the hazard assessment, R-R-R-R-R for the risk assessment.
As no “typical” search patterns can be found which were used by many participants, no
search can be made either for differences in the search patterns in the test conditions “hazard” and “risk” assessment.
For the further analysis of possible differences in the information search between the test
conditions “hazard assessment” and “risk assessment” only minimum requirements are,
therefore, imposed. Only the categories “hazard”-related statements and “risk”-related statements are considered – the other information categories (meta-information and irrelevant
information) are not considered. What should be examined was whether in the test condition
“hazard assessment” more “hazard”-related than “risk”-related statements are consulted and
vice versa whether in the test condition “risk assessment” more “risk”-related than “hazard”related statements are consulted. What should also be examined is whether information
about the difference between “hazard” and “risk” plays a role.
For this purpose the difference between the number of accessed “hazard”-related statements
and the number of “risk”-related statements is calculated for each participant i.e. “hazard”related statements minus risk-related statements. A positive difference value means that
more “hazard-related” than “risk”-related statements were consulted; a negative difference
value means that more “risk”-related than “hazard”-related statements were consulted. Theo27

There are exactly 17,403,456,103,205,800 possible search patterns.
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retically this leads to a scale which ranges from -6 to +6 whereby 6 would mean that 6 “risk”related statements and no “hazard”-related items were consulted. Vice versa +6 would mean
that 6 “hazard”-related statements and no “risk”-related ones were consulted. What should
be borne in mind here is that it is not necessarily possible to read from the difference value
how many “hazard-related” and how many “risk”–related statements were consulted. A difference value of 2 can result, for instance, from 6 “hazard”-related and 4 “risk”-related statements or from consultation of 3 “hazard”-related and 1 “risk”-related statement.
Fig. 8 gives the frequency distribution of the difference value separately for the two test conditions “hazard” and “risk” assessment. Both distributions are very similar and a chi²-test for
differences in frequencies, for the individual difference values, did not produce any statistically significant differences (χ²=12.032; df=9; p=0.212). The greater frequency of the difference value 0 can mainly be explained by the fact that – see above – roughly half of all participants looked at all 18 statements and by extension at all 6 “hazard”-related and all 6 “risk”related statements.
If one includes the second experimental factor (whether information is given about the difference between “hazard” and “risk” or not and if the information provided was also consulted)
in the analysis then there are no statistically differences result for the group of people who
had not received the information and the people who had received but did not read it. The
forms of distribution are very similar in Fig. 8.
Fig. 8: Difference “hazard”-related statements minus “risk”-related statements

Hazard assessment

Number of participants

Risk assessment

Difference: hazard statements – risk statements

There is a slightly different picture in the case of the analysis of participants who did in fact
read the information on the difference between “hazard” and “risk”. As can be seen from Fig.
9 the difference values are symmetrically distributed around the 0 value in the condition of
“risk assessment”. In the test condition “hazard assessment” the distribution has a positive
skew. This means that more “hazard”-related than “risk”-related statements were consulted.
This is exactly what would be expected from the expert angle. Risk-related statements are
not necessary for “hazard assessment”. By contrast, it makes sense in the condition “risk
assessment” to consult “hazard”-related statements, too, because it is necessary to know the
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hazard in order to assess the risk. Fig 9 does, however, show that the quantitative differences between the two test conditions are not very big. Nor can they be statistically validated.
It was also examined whether the difference values for the “experts” (i.e. those persons who
describe themselves as being familiar with the assessment of the health effects of chemicals)
differ significantly from those for the “non-experts”. This is not the case.
Overall it can be said that there are scarcely any indications in the type of information search
by the participants that they distinguish between “hazard” and “risk”. There are no “typical”
search patterns indicating that the test persons have a general cognitive strategy on the basis of which they organise their information search. Around half of all test persons consulted
all information statements on offer before they undertook the “hazard” and “risk” assessment.
Only for the group of individuals who had not only been informed of the difference between
“hazard” and “risk” but also read about this was there a certain tendency to access above all
information of relevance from the technical angle.
Fig. 9: Difference “hazard”-related statements minus “risk”-related statements for ten test persons who
had in fact read the information about the difference between “hazard” and “risk”
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Importance of the categories meta-information and irrelevant information
The results presented above already reveal that the information search by the test persons
was not restricted to the two categories “hazard”-related and “risk”-related information. They
also consulted statements from the categories meta-information and irrelevant information
during the information search. This applies to those test persons who looked at all 18 information statements (after all approximately 50%).
What is more interesting when assessing the importance attributed by the test persons to the
statements from these two categories is, therefore, the question about how frequently meta-

BfR-Wissenschaft

41

information and irrelevant statements already belong to the five first statements consulted.
Table 9 lists the frequencies for the first up to fifth piece of information consulted.
Table 9: Frequency of statements from the information categories amongst the first five pieces of information accessed
Category
“Hazard”-related
“Risk”-related
Meta-information
Irrelevant
Total

First choice
N
%
183
38.6
174
36.7
74
15.6
43
9.1
474
100.0

Second choice
N
%
189
39.9
171
36.1
76
16.0
38
8.0
474
100.0

Third choice
N
%
171
36.1
167
35.2
78
16.5
58
12.2
474
100.0

Fourth choice
N
%
167
35.2
158
33.3
81
17.1
68
14.3
474
100.0

Fifth choice
N
%
168
35.4
180
38.0
72
15.2
54
11.4
474
100.0

The share of meta-information in the first five statements consulted is only half as big as that
of the “hazard”-related and “risk”-related statements. However, it must be borne in mind that
the number of statements in the category meta-information (3 statements) is also only half as
big as the number of statements in the categories “hazard”-related and “risk”-related information (each with 6 statements cf. Table 5). Hence, meta-information is indeed relevant for the
test persons.
The category of irrelevant information also contains 3 statements. Compared to metainformation they are consulted far less frequently but still show a frequency of around 10%
amongst the first 5 statements consulted.
Ranking: Analysis of the ranking of the importance of statements
The test persons were also asked to rank the importance of the information consulted for the
“hazard assessment” and “risk assessment” whereby in this ranking only the five most important statements (in the opinion of the participants) were recorded. This ranking provides a
clearer criterion in answer to the question whether a distinction is made between “hazard”
and “risk”. When a participant is aware of the fact that there is a difference between “hazard”
and “risk” and knows what this difference is, is it likely that there will also be differences in
the ranking of the importance of statements depending on whether “hazard assessment” or
“risk assessment” is involved.
The strictest test of whether a distinction is made between “hazard” and “risk” is a comparison of the statement categories deemed to be important for “hazard assessment” and for
“risk assessment” in the ranking. In the case of a “hazard assessment” the ranking of statements should contain above all “hazard”-related statements and probably statements containing meta-information but no “risk”-related statements or irrelevant statements. By contrast
for a risk assessment above all “risk”-related statements should be important. However it
does also make sense in a risk assessment to take into account “hazard”-related statements.
If no “risk”-related statements appear in the ranking, it will be difficult to say that the corresponding participant has understood what “risk” means. The following analysis of ranking
patterns examines to what extent these criteria are met.
Analysis of the ranking patterns of statement categories
For “risk” assessment oriented towards scientific criteria the expectation would be (but not
only) for “risk”-related statements to also be considered in the ranking. This is the case for
220 out of 239 persons (92%) who had to carry out the “risk” assessment. The other 8% of
test persons did not take any “risk”-related statements into account in their ranking. For the
“risk” assessment, too, irrelevant statements should not play a role either. However, the
same 30 participants (13%) did take irrelevant statements of this kind into account in their
ranking. In total 193 participants (81%) fulfil the condition that they also use “risk”-related
statements and no irrelevant statements in their ranking.
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For the ranking patterns of the test condition “hazard assessment” the requirements are
stiffer. Here above all “hazard”-related statements and possibly statements containing metainformation but no “risk”-related statements or any irrelevant statements should be of importance. The ranking which represents this expectation the most clearly is: H-H-H-H-H. This
ranking pattern only occurs once in the context of the “risk assessment”. What are also permitted are ranking patterns which do not contain any “risk”-related statements or irrelevant
statements. Out of the 235 participants who took part in the test condition “hazard assessment”, 13% (6%) did not take into account any “risk”-related statements in their ranking. 9
participants (4%) did not take into account any “risk”-related statements or any related
statements
Table 10 presents these findings which are classified by correct and false ranking patterns.
The criteria for classification are described in the Table.
Table 10: Classification by correct and false rankings

Hazard assessment
Risk assessment

False rankings
Not only “hazard”-related statements
but also “risk” related and/or irrelevant
statements 96%
No risk characteristics and/or irrelevant information 19%

Correct rankings
Only “hazard”-related statements
and meta-information 4%
“Risk”-related and “hazard”-related
statements and meta-information
81%

The majority of test persons in this test condition mixed “hazard and risk” aspects in their
assessment. Against the backdrop of these results there is no point conducting further analysis of the rankings of the second test condition “Information about the difference between
“hazard” and “risk”.
Analysis of the ranking for the statement categories
A less strict examination of the question whether a distinction is made between “hazard” and
“risk” is the comparison of the rankings attributed to the various statement categories in the
two test conditions. Instead of examining (as in the previous section), a look is merely taken
whether under the condition “hazard assessment” the “hazard”-related statements are given
a higher ranking than under the condition “risk assessment” and vice versa: whether under
the condition “risk assessment” the “risk”-related statements are given higher rankings than
under the condition “hazard assessment”. Table 11 gives the frequencies of statement categories in rankings 1 to 5. It is clear that the frequencies in the individual cells in the table differ but whether there are differences between “hazard” and “risk assessment” is not immediately obvious.
Table 11: Frequencies of statement categories in the rankings 1 to 5 for the two test conditions
Statement categories
“Hazard”-related
“Risk”-related
Meta-information
Irrelevant

“Hazard assessment” ranking
1
2
3
4
5
150
115
97
104
85
62
95
107
95
114
23
24
28
27
24
0
1
3
9
12

“Risk assessment” ranking
1
2
3
4
5
135
110
89
103
89
81
105
124
103
96
22
23
21
27
36
1
1
5
6
18

For the purposes of summary depiction the ranking of each statement was weighted and
replaced with a ranking weight. For this weighting of rankings a reciprocal ranking weighting
was used in which the weight wj is calculated for the ranking position j using the formula (cf.
Schütz et al. 2006, p. 125):
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For the rankings 1 up to 5 we have the following weightings: 0.438, 0.219, 0.146, 0.109 and
0.088. The statements which were not allocated any ranking are given the weighting 0.
These weightings have intuitively plausible characteristics: ranking 1 is twice as important as
ranking 2, 3 times as important as ranking 3 etc. and for each test person the weightings add
up to the value 1.
The next step was to calculate the mean value of the ranking weightings for each statement
category. Fig. 10 gives these mean values of ranking weightings for the four statement categories for “hazard” and “risk assessment”. If one compares the ranking weightings of the
statement categories for the two test conditions, then this shows that they are practically the
same for the categories meta-information and irrelevant information whereas there are major
differences for the categories of “hazard”-related and “risk”-related statements. These differences also go in the direction which would be expected from the scientific angle, i.e. in the
“hazard assessment” condition the category of “hazard”-related statements has on average a
higher ranking weighting than in the “risk assessment” condition. The reverse applies to the
category of “risk”-related statements. In both cases the differences can also be statistically
validated (Mann-Whitney U test).
Fig. 10 also reveals that – independent of the test condition – the “hazard”-related statement
category is attributed more importance for assessment than the “risk”-related statement
category. In other words, irrespective of whether it is about the assessment of hazard or the
assessment of risk, the “hazard”-related statements are the most important ones. Similarly to
the situation above for the information search we also see for the ranking that considerable
importance is attached to meta-information by the test persons in both the “hazard” and “risk”
assessments.
What is, of course, interesting is which differences are found between the two test conditions
for a group of test persons who have read the information about the difference between
“hazard” and “risk”. For this group for whom it should be most clear that a distinction must be
made between “hazard” and “risk”, the rankings should also show the clearest differences.
As can be seen from Fig. 11 this is at least the case for the “risk”-related statement category
and meta-information. Far more importance is attributed to the “risk”-related statements in
the test condition “risk assessment” than in the condition “hazard assessment”. This difference is statistically significant (Mann-Whitney U test).
For the “hazard”-related statements the difference between the test conditions “hazard assessment” and “risk assessment” is also clear. On average greater importance is attributed
to the “hazard”-related statements in the condition “hazard assessment” than in the condition
“risk assessment”. However this difference cannot be statistically validated.

BfR-Wissenschaft

44

Fig. 10: Mean values of the ranking weighting of statement categories for the two test conditions hazard
assessment and risk assessment
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Fig. 11: Mean values of ranking weighting of statement categories for the two test conditions hazard assessment and risk assessment for the group of participants who were given and read information about
the difference between “hazard” and “risk”
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What is also noticeable is that the ranking weighting for the category meta-information in the
“hazard assessment” condition is twice as high as in the “risk assessment” condition. This
difference is also statistically significant (Mann-Whitney U test). The category of irrelevant
statements is scarcely of any importance at all in both test conditions. Concerning the level of
significance achieved in this sub-group, who have read the information on the difference between “hazard” and “risk”, it should be noted that this group with n=62 is relatively small. This
means that the differences which are larger than in the overall group, are not always significant either.
In this group, too, the “hazard”-related statement category takes on greater importance than
the “risk”-related statement category irrespective of a hazard or a risk was to be assessed.
This means that here, too, the greatest importance is attributed to “hazard”-related statements.
For the two other larger groups: those who received the information but did not take it into
account (n=174) and those who did not receive the information (n=238), the difference between the two test conditions “hazard assessment” and “risk assessment” are not statistically
significant (Mann-Whitney U test).
These results show that the information about the difference between “hazard” and “risk” do
have a small but at least partly statistically detectable effect on the estimation of the importance of “hazard”-related and “risk”-related statements for “hazard assessment” and “risk
assessment”.
Estimation of the level of “hazard” and “risk”
The task presented in the introduction to the experiment concerning the assessment of the
hazardousness and the risk of “solvents in glue for table tennis bats” mainly had the function
of motivating the test persons to search for and evaluate information. It was not intended for
examination of the question of whether a distinction is made between “hazard” and “risk”.
As the prior analyses have shown, no distinction of this kind is made. Hence, it is to be expected that the mean values for the “hazard assessment” and “risk assessment” do not differ
either. In fact there is no statistically significant difference between the “hazard assessment”
(x̄ = 4.13; ±1.37) and the “risk assessment” (x̄ = 3.96; ±1.40). Both evaluations are, therefore,
more or less in the middle of the 7-point rating given for the scenario assessment.
Men and women do not differ in their assessment (see Table 12). There is an interesting
difference, however, between the assessments of “experts” and “non-experts”. In the test
condition “hazard assessment” the “experts” on average reach a clear and statistically significant lower estimation than the “non-experts” (see Table 12). Also in the test condition “risk
assessment” the mean value for the “experts” is lower than for the “non-experts”; the difference is only marginally significant.
Table 12: Mean value comparisons for “hazard assessment” and “risk assessment”

Mean value
Standard deviation
n

Mean value
Standard deviation
n

Hazard assessment
Female
Male
4.18
4.15
1,.4
1.43
74
153
n.s.
Experts
Nonexperts
3.81
4.45
1.32
1.35
114
120
p < 0,001

Risk Assessment
Female
Male
4.03
3.91
1.33
1.45
88
140
n.s.
Experts
Nonexperts
3.79
4,.1
1.48
1.31
112
120
p = 0.088
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The second test condition does not influence the “hazard assessments” and “risk assessment” of the test persons. Irrespective of whether the test persons were given no information
about the difference between hazard and risk or whether they are given the information and
took it into account or received it and did not take it into account, there are no statistically
significant differences (see Table 13).
Table 13: Comparison of mean values for the test condition “information”
Information considered?
Mean value
Standard deviation
n

Hazard assessment
Risk Assessment
Not
Not
received Yes
No
received Yes
No
4.21
4.20
4.00
4.05
3.88
3.86
1.35
1.37
1.40
1.49
1.39
1.27
118
30
87
120
32
87
n.s.
n.s.

Overall the scenario assessments by the test persons correspond to what one would expect
from the expert angle: the “risk” assessments are on average lower than the “hazard assessments”. The only statistically significant difference is between experts and non-experts;
the latter make lower estimations of the “hazard” and the “risk”. Similar differences between
experts and non-experts have been found in various studies on risk perception – cf. for example the results presented above on the studies on intuitive toxicology. However, it should
also be borne in mind that the expert status in this experiment is self-attributed.
7.4.5

Summary and discussion of the results

90% of test persons needed between 3.13 minutes and 11.47 minutes to carry out the experiment. Hence, it can be assumed that the processing of the experimental task (information
search and “hazard assessment” and “risk assessment”) was undertaken in an elaborated
manner.
What is particularly noticeable in the information search is the high interindividual variance.
There are no two search patterns with an identical sequence of statement consultation.
Clearly there is no general cognitive strategy on the basis of which the information search is
organised. Bearing in mind that around half of the test persons selected all 18 statements,
this would seem to indicate that at least this half does not have any cognitive strategy which
would permit a targeted search.
From the information search there are indications that a distinction is made between “hazard”
and “risk”. Only for the group of people who not only receive the information about the difference between “hazard” and “risk” but also read it, is there a certain tendency to consult information that is relevant from the expert angle.
The ranking of the five most important statements for “hazard assessment” and “risk assessment” does not reveal either that the test persons distinguish between “hazard” and
“risk”. This applies at least when one looks at the ranking pattern. Only 6% of test persons,
who carried out a “hazard assessment” did not take into account any risk-related statements
in their ranking (and only 4% did not take into account any risk-related statements or any
irrelevant statements). From the scientific angle “risk”-related aspects should not play any
role in a “hazard assessment”.
If one loosens these requirements slightly and examines whether the test persons who had
undertaken a hazard assessment at least gave a higher weighting to the “hazard”-related
statements (i.e. on average assigned higher rankings) or whether the test persons who undertook a “risk assessment” gave a higher weighting to “risk”-related statements, then this is
indeed the case. This finding can also be confirmed statistically.
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Hence, the information about the difference between “hazard” and “risk” seems to play a role.
If one distinguishes between the group of people who receive the information and also read it
from those who received the information but did not read or did not receive it, then this leads
to an interesting finding. Only those persons who received the information and also read it in
the group who had undertaken a “risk assessment” weighted the risk-related statements
clearly and statistically significantly higher than those whose task it was to do the “hazard
assessment”. And the reverse applies too: the higher weighting of “hazard”-related statements in the test condition “hazard assessment”. However the difference cannot be statistically confirmed because of the relatively small number in this group. For the two other larger
groups, the differences between the two test conditions “hazard assessment” and “risk assessment” are not statistically significant. This result seems to justify at least moderate optimism that awareness-raising efforts about the differences between “hazard” and “risk” do
have an effect.
The analysis of the information search and ranking also reveal that the participants can distinguish between information which is important for the assessment of possible health hazards and risks, and information which is irrelevant. Beside “hazard-related” and “risk-related”
statements, meta-information is also important both in the information search and in ranking.
In contrast, the irrelevant information is consulted during the information search (roughly half
of participants looked at all the information) but it scarcely plays a role in ranking.
Finally, attention should focus on the question about the importance of the type of experiment (web experiment) and the random sample characteristics for interpretation of the results. As a consequence of the implementation of an online experiment on the BfR website, a
selection was undertaken from several angles. Only those individuals could participate who
had access to the Internet and visited the BfR website. The timeline of participation frequencies – roughly three quarters of the participants carried out the experiment already in the first
week (see Fig. 5) - prompts the supposition that the circle of individuals who found out about
the experiment regularly visit the BfR website. This group of individuals is probably interested
in questions of risk assessment and how BfR deals with them. The socio-demographic details supplied by the participants likewise reveal that they are not representative of the overall
population. 65% of participants have a university degree and men are clearly overrepresented - 64% (cf. Explanations in the Chapter “Random sample”).
As the test persons were assigned randomly to the test conditions, the specifics of the random sample are initially irrelevant for the results of the experiment, i.e. they do not influence
the external validity of the experiment. By contrast what is problematic is the external validity
of the experiment, i.e. the results cannot be simply transferred to the overall population.
The presentation of the experiment on the BfR website is the best test situation for examination of the question whether people distinguish between “hazard” and “risk”. If a group of individuals like visitors to the BfR website, who are clearly interested in the subject of risk assessment - 50% of whom are experts - and who should, therefore, be familiar with the difference between “hazard” and “risk”, are unable to clearly differentiate between “hazard” and
“risk”, then one can probably assume that people who have nothing to do with this topic will
not distinguish between “hazard” and “risk” either.28

28

It was this very consideration which led during the design of the experiment to the selection of the BfR website as the starting
page for the experiment.
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Summary and conclusions for communication

“Hazard” is the term used to describe the inherent potential of a substance or situation to
cause an adverse effect. “Risk” by contrast describes the probability of an adverse effect on
exposure to a substance or situation under specific conditions. The difference between “hazard” and “risk” is, therefore, exposure. There is a “risk” when there is exposure to a “hazard”.
Consequently, risk information places information about the possible adverse effects centre
stage, the occurrence or scale of which depends on the degree of exposure. The goal is to
raise awareness and provide support for informed decisions by consumers. Hence risk
communication goes beyond the concerns of hazard communication which provides information first and foremost about the existence of a hazard and, by extension, a warning.
Despite the comprehensive literature on the topics of hazard communication, risk perception
and risk communication, scarcely any research has looked at whether non-experts distinguish between “hazard” and “risk” and what problems may result from the non-observation of
the difference between “hazard” and “risk” for communication purposes.
An online experiment was conducted to analyse “hazard” and “risk” in which 477 people took
part. It analysed first the search for information and second ranking, i.e. listing by weighting.
The information search did not produce hardly any indications that a distinction is made between “hazard” and “risk”. Nor are there any strategies indicating that the study participants
use a general cognitive strategy in their information search. The ranking of the 5 most important statements for “hazard assessment” and “risk assessment” do not indicate either that the
study participants distinguish between “hazard” and “risk”.
The results of the online experiment, therefore, seem to indicate that lay persons do not distinguish between “hazard” and “risk” on a scale which would be desirable from the expert
angle. Nevertheless, there are also signs that when given the relevant information people
can grasp the difference. The scale on which information was sought in the experiment likewise gives grounds for the hope that at least the group of people who use the BfR internet
offering is willing to invest time in consulting the information on offer. The socio-demographic
data of participants in the experiment also reveal that this group is not representative for the
overall population in Germany.29

29

Studies show that people do not wish to do without information offerings even if they do not actually seek out or use each
piece of information available. It is enough for them to know that they could consult it if necessary. Cf also Annex 2: Information needs of consumers.
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Recommended actions

1. Whenever possible information should be provided about the risk and not just about the
hazard or other components of the risk.
2. Good risk communication is dependent on scientific risk characterisation which meets the
quality criteria transparency, clarity, consistency and substantiation.
3. Risk communication must pay attention in particular to the ease with which the contents
of the statements can be understood.
4. Communication about risks is only possible on the basis of understanding of the risks.
Hence, the important elements here are not only relational qualities like trust and credibility but also the conveying of risk-related assessment and decision-making foundations
which enable consumers to take informed decisions.
5. Risk communication must be done in a target group-specific manner. This means above
all that opinions intended for experts must be kept separate from information intended for
lay persons. Furthermore, it is desirable to present information for lay persons in a compact and structured form with recognition value (“wanted poster – risk”).
6. It is recommended that the current opinions and information on risk assessment be linked
to the available background information (e.g. Risk glossary) in order to facilitate the cognitive processing of risk information.
7. Risk communication should use a uniform description approach in the case of qualitativeverbal risk assessments in order to minimise the scope for interpretation and reduce misunderstandings.
8. Risk communication should discuss uncertainties in a consistent manner and use standardised formats to describe them.
9. Risk communication should use assessment aids like, for instance, risk comparisons in
order to make the scale and importance of a hazard or risk easier to understand.
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11 Annex
11.1 Annex 1: Overview of the importance of the concepts “hazard” and “risk”
Definition of “hazard” from IPCS (2004, 60f)
1
2
3
4

5
6
7
8
9
10
11
12
13
14
15
16
17
18

Likelihood of an adverse natural phenomenon. (WHO 1992)
Likelihood that exposure to a chemical will cause an injury or adverse effect under the
conditions of its production, use, or disposal. (Holland 1996)
Set of inherent properties of a pesticide which gives potential for adverse effects to
man or the environment under conditions of its production, use or disposal, and depending on the degree of exposure. (Duffus 1993; Holland 1996)
Set of inherent properties of a substance, mixture of substances or a process involving
substances that, under production, usage or disposal conditions, make it capable of
causing adverse effects to organisms or the environment, depending on the degree of
exposure; in other words, it is a source of danger. (Duffus 1993)
An inherent property of a substance, agent, source of energy or situation having the
potential of causing undesirable consequences. (OECD 1992)
The potential of a substance to cause adverse effects at a particular degree of exposure. (Jager & Visser 1994)
A source of risk that does not necessarily imply potential for occurrence. (Cohrssen &
Covello 1989)
A physical situation with a potential for human injury, damage to property, damage to
the environment or some combination of these. (Jones 1992)
The likelihood that a pesticide will cause an adverse effect (injury) under the conditions
in which it is used. (FAO 1990)
The likelihood that a chemical will cause adverse health effects under the conditions
under which it is produced or used. (WHO 1979)
A biological, chemical, or physical agent in or property of food that may have an adverse health effect. (WHO 1995)
Chemical or physical agent or property that may cause a food to be unsafe for human
consumption, or a defect generally considered objectionable. (FAO 1995)
A potential source of harm. (ISO 1990)
The disposition of a thing, a condition or a situation to produce injury. (Le Guen 1995)
A source of danger; a qualitative term expressing the potential that an environmental
agent can harm health. (IPCS 1989)
The likelihood that a chemical will cause adverse health effects (injury) under the conditions under which it is produced or used. (source unknown)
A source of danger. (WHO 1988)
The capacity to produce a particular type of adverse health or environmental effect.
e.g. one hazard associated with benzene is leukaemia. (IPCS 1996)
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Definition of “risk” from IPCS (2004, 70f)
1
2
3

4
5
6

7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

Statistical concept defined as the expected frequency of undesirable effects arising
from exposure to a given hazard.
The possibility that a harmful event (death, injury, loss, etc.) arising from exposure to
a physical or chemical agent may occur under specific conditions. (Last 1995)
The probability of an adverse effect on man or the environment resulting from a
given exposure to a chemical or mixture. It is the likelihood of a harmful effect or
effects occurring due to exposure to a risk factor (usually some chemical, physical or
biological agent). (van Leeuwen & Hermens 1996)
A statistical concept defined as the expected frequency or probability of undesirable
effects resulting from a specified exposure to known or potential environmental concentrations of a material. (Holland 1996)
Probability of any defined hazard occurring from exposure to a pesticide under specific conditions. Risk is a function of the likelihood of exposure and the likelihood to
harm biological or other systems. (Holland 1996)
The probability of injury, disease, or death under specific circumstances. In quantitative terms, risk is expressed in values ranging from zero (representing the certainty
that harm will not occur) to one (representing the certainty that harm will occur). (US
EPA 1992a)
Possibility that a harmful event (death, injury or loss) arising from exposure to a
chemical or physical agent may occur under specific conditions. (Duffus 1993)
Expected frequency of occurrence of a harmful event (death, injury or loss) arising
from exposure to a chemical or physical agent under specific conditions. (WHOTERM)
The combination of a consequence and the probability of its occurrence. (OECD
1992)
The probability of a substance to cause adverse effects. (Jager & Visser 1994)
A measure of the probability that damage to life, health, property, and/or the environment will occur as a result of a given hazard. (US EPA 1993)
In risk assessment, the probability that something will cause injury, combined with
the potential severity of that injury. (Cohrssen & Covello 1989)
The likelihood of a specified undesired event occurring within a specified period or in
specified circumstances. (Jones 1992)
The expected frequency of undesirable effects of exposure to the pesticide. (FAO
1990)
The likelihood of suffering a harmful effect or effects resulting from exposure to a
risk factor (usually some chemical, physical, or biological agent). (WHO 1979)
A function of the probability of an adverse effect and the magnitude of that effect,
consequential to a hazard(s) in food. (WHO 1995)
A function of the probability of an adverse event and the magnitude of that event,
consequential to a hazard(s) in food. (FAO 1995)
The probable rate of occurrence of a hazard causing harm and the degree of severity of the harm. (ISO 1990)
The chance of something adverse happening. (WHO 1995)
A quantitative probability that a health effect will occur after a specified “amount” of a
hazard has exposed an individual. (WHO 1989)
The probability of deleterious health or environmental effects. (US EPA 1992b)
The probability that an adverse outcome will occur in a person, a group, or an ecological system that is exposed to a particular dose or concentration of a hazardous
agent, i.e. it depends on both the level of toxicity of hazardous agent and the level of
exposure. It is expressed in values ranging from zero (certainty that an effect will not
occur) to one (certainty that an effect will occur). (IPCS 1996)
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IRGC (2005):
Broadly
Acceptable
Risk:
Damage:
Danger:
Disaster:

Hazard:

The risk is truly negligible in comparison with other risks that the individual
or society runs. (HSE Tolerability of Risk)
The destruction, diminution or impairment of concrete or abstract values.
(German Advisory Council on Global Change)
Expresses a relative exposure to a hazard. A hazard may be present, but
there may be little danger because of the precautions taken. (SRA - Society for Risk Analysis)
A serious disruption of the functioning of a community or a society causing
widespread human, material, economic or environmental losses which exceed the ability of the affected community or society to cope using its own
resources. (UN Living with Risk Report)
A source of potential harm or a situation with a potential to cause loss.
(Aus/NZ Standard)
A biological, chemical or physical agent in, or condition of, food with the
potential to cause an adverse health effect. (Codex Alimentarius)
The hazard associated with a chemical is its intrinsic ability to cause an
adverse effect. (CEFIC)
Any pathogenic agent that could produce adverse consequences on the
importation of a commodity. (FAO -EMPRES)
The circumstances of an objective threat posed by a future damaging event
that will occur under certain circumstances. (German Advisory Council on
Global Change)
Inherent property of an agent or situation having the potential to cause adverse effects when an organism, system or (sub) population is exposed to
that agent. (IPCS)
A condition or physical situation with a potential for an undesirable consequence, such as harm to life or limb. (SRA)
A potentially damaging physical event, phenomenon or human activity that
may cause the loss of life or injury, property damage, social and economic
disruption or environmental degradation. (UN Living with Risk Report)
A source of possible damage or injury. (US Presidential/Congressional
Commission)
An inherent property, for example of a chemical, that provides the potential
for harm. (WHO World Health Report 2002)
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IRGC (2005) (contd.):
Risk:

The chance of something happening that will have an impact upon objectives. It is measured in terms of consequences and likelihood. (Aus/NZ
Standard)
A function of the probability of an adverse health effect and the severity of
that effect, consequential to a hazard(s) in food. (Codex Alimentarius)
Risk is the chance that a given hazardous effect will occur. (CEFIC)
Expected losses (of lives, persons injured, property damaged and economic activity disrupted) due to a particular hazard for a given area and
reference period. Based on mathematical calculations, risk is the product of
hazard and vulnerability. (European Environment Agency)
The likelihood of the occurrence and the likely magnitude of the consequences of an adverse event to animal or human health in the importing
country during a specified time period. (FAO -EMPRES)
In a technical perspective, risk refers to two variables – the probability of
occurrence of a specific instance of damage and the extent of that damage.
The social science perspective focuses on aspects of societal and psychological risk experience and risk perception, while socio-economic approaches focus on risks to livelihood, security and the satisfaction of basic
needs. (German Advisory Council on Global Change)
(1.) A multi-attribute quantity expressing hazard, danger or chance of harmful or injurious consequences associated with actual or potential exposures. It relates to quantities such as the probability that specific deleterious consequences may arise and the magnitude and character of such
consequences.
(2.) The probability of a specific health effect occurring in a person or group
as a result of exposure to radiation. (both from IAEA Risk Glossary)
The probability of an adverse effect in an organism, system or (sub) population caused under specified circumstances by exposure to an agent.
(IPCS)
The potential for realization of unwanted, adverse consequences to human
life, health, property, or the environment; estimation of risk is usually based
on the expected value of the conditional probability of the event occurring
times the consequence of the event given that it has occurred. (SRA – Society for Risk Analysis)
The uncertainty of outcome, whether positive opportunity or negative
threat, of actions and events. It is the combination of likelihood and impact,
including perceived importance. (UK Government Handling Risk Report)
The probability of harmful consequences, or expected losses (death, injuries, property, livelihoods, economic activity disrupted or environment damaged) resulting from the interactions between natural or human-induced
hazards and vulnerable conditions. (UN Living with Risk Report)
The combined answers to (1) What can go wrong? (2) How likely is it? and
(3) What are the consequences? (US Nuclear Regulatory Commission)
The probability of a specific outcome, generally adverse, given a particular
set of circumstances. (US Presidential/Congressional Commission)
A probability of an adverse outcome, or a factor that raises this probability.
(WHO World Health Report 2002)
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Christensen et al. (2003):
Hazard

Risk

The inherent property/properties of a risk source potentially causing consequences/effects
The potential of a risk source to cause an adverse effect(s)/event(s). (EU,
2000)
Inherent property of an agent or situation capable of having adverse effects on something. Hence, the substance, agent, source of energy or
situation having that property. (UN/OECD, 1999)
A source of possible damage or injury. (US-EPA, 1997)
Situations or conditions, which may cause damage. (DS/INF 85, 1993)
Hazard shall mean the intrinsic property of a dangerous substance or
physical situation, with a potential for creating damage to human health
and/or the environment. (Seveso II-directive, 1996)
Potential source of harm. (ISO, 1999)
There are two fundamentally different understandings of the term ‘risk’:
1. Risk expresses a combination of:
• probability of consequence/effect on the considered object(s);
• severity;
• extent of the consequence/effect
under given specified circumstances.
2. Risk expresses:
• probability of a given consequence/effect of a given severity and extent under given specified circumstances.
The probability and severity of an adverse effect/event occurring to man
or the environment following exposure, under defined conditions, to a risk
source(s).
(EU, 2000)
the probability of adverse effects caused under specified circumstances by
an agent in an organism, a population or an ecological system.
(UN/OECD, 1999)
the probability of a specific outcome, generally adverse, given a
particular set of conditions. (US-EPA, 1997)
expresses a combination of frequency of an unwanted event and the extent of the consequences.
(individual risk): the risk, which an individual is incurred to. The risk will
among others depend on the distance from the risk source. Often calculated as the average individual risk for a person in the most incurred subpopulation.
(DS/INF 85, 1993)
risk shall mean the likelihood of a specific effect occurring within a specified period or in specified circumstances. (Seveso II-directive, 1996)
combination of the probability of occurrence of harm and the severity of
that harm.
(ISO, 1999)
combination of the probability of an event and its consequence.
(ISO, 2001)
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OECD (2002):
Toxicity
Hazard
Risk

means the intrinsic capacity of a chemical substance or a mixture of substances to induce injury.
means the observed toxic manifestation(s) induced by a known quantity of
a substance under known exposure conditions. The term is frequently
used interchangeably with “intrinsic toxicity”.
means the probability that an identified hazard or hazards will or will not be
encountered under anticipated exposure conditions. The basic approach
to risk assessment can be expressed by the simple formula:
Risk = Hazard x Exposure

Sources
Christensen, F.M., Andersen, O., Duijm, N.J. & Harremoes, P. (2003): Risk terminology - a
platform for common understanding and better communication. Journal of Hazardous Materials, 103(3), 181-203.
IPCS (2004): Risk assessment terminology - Part 1 and Part 2. Geneva, Switzerland: World
Health Organization.
IRGC (2005): Risk governance - Towards an integrative approach (White Paper No. 1). Geneva: International Risk Governance Council. Annex B – An Overview of Risk Terminology
(by Terms).
OECD (2002): Guidance Notes for Analysis and Evaluation of Chronic Toxicity and Carcinogenicity Studies (OECD Environment, Health and Safety Publications. Series on Testing and
Assessment No. 35 and Series on Pesticides No. 14). Paris: Organisation for Economic Cooperation and Development.
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11.2 Annex 2: Information needs of consumers
A survey by the Verbraucherzentrale Bundesverband e.V. (2004) looked at the information
needs of consumers in Germany for instance in conjunction with food and textiles. The information needs of consumers are dependent firstly on the following subjective factors:
•
•
•
•
•

The experience the consumer has with the product,
How much time he has for purchasing it,
How frequently he buys it or a similar product,
The risks he links with his decision in favour of a product,
How high his expectations are concerning the quality of the chosen product (Kuß & Silberer 2001, quoted according to: vzbv 2004: 6).

Secondly, the information needs are determined by product characteristics Depending on
how accessible they are for consumers, a distinction is made between search, experience
and trust properties (Kaas 1990 quoted according to: vzbv 2004: 6). The search characteristics (for instance price or colour) can be directly perceived by the consumer. The experience
characteristics (for instance flavour, storability or shelf life) only become “experienceable”
when using the product. Mostly it costs the potential purchaser time and/or money to experience the “experience properties” prior to purchase of the product. Hence other consumers
who are experienced with the product are a particularly suitable source of information on
experience properties. Consumers today are becoming increasingly skilled in assessing experienciable product characteristics (search and experience properties). When their own
competence reaches its limits, consumer advice centre and publications like “Stiftung Warentest” or “Öko-Test” provide information and assessment aids.
Finally, trust characteristics are the ones which the individual consumer cannot directly verify
at any point in time. Here he is dependent on information from the manufacturer. Examples
for this are genetically produced or modified ingredients, health impacts, ecologically compatible production of raw materials and compliance with social standards. The hazards and
possible risks of products are, thus, mainly to be found amongst the trust properties.
For consumers mandatory labelling on packaging is the most important source of information
about food that is already on sale. Only few consumers make use of the advice offered in
shops and on the Internet. The information which is paid the most attention is manufacturing
date and fat content; the least attention is paid to ingredients and nutritional information. It is
worth noting that the majority of respondents (72%) do not wish to do without any of the information offerings even if they do not make use at all (or only rarely) of this information
(what they mentioned most frequently were site of production and manufacturer's telephone
number). Hence from the angle of the consumer there can be no talk of excessive information when it comes to the labelling of food.
The study by Silver and Wogalter (1991) that examines, amongst other things, purchase intentions in the case of pesticides even shows that in the case of products that are deemed to
be dangerous, additional information does not lead either to an unwillingness to read it or to
a less pronounced willingness to purchase.
Hence, it is not surprising that the satisfaction of the respondents with the information on
food packaging is comparatively low. The more important the “trust characteristics” of some
products, the more dissatisfied consumers are with existing information offerings. The authors of the vzbv study (2004) come to the conclusion that uncertainties about food are not at
all remedied by the current information offerings.
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In the case of food (and textiles) consumers want additional information about product characteristics that could impair their health and about those product characteristics that consumers are unable to assess themselves even during and after use of the product (trust
characteristics). In the case of food, the respondents mention most frequently manufacturing
date, allergenic substances, genetic engineering and all ingredients and raw materials. Much
of the desired additional information is not product-specific and has to do with greater transparency about the manufacturing of products which guarantees healthier products. It is worth
noting that when purchasing a product more and more attention is paid to ecological and
social production qualities (compliance with social standards).
The respondents wish to have the fastest possible access to the main consumer information
(above all health-related information but also site of production and manufacturer's telephone
number). Hence in the case of food and textiles the label or packaging are the preferred information media. Alternative media for additional information are free-of-charge telephone
lines and details of the manufacturers’ websites. When purchasing clothing information in the
shop is another source. The acceptance of the Internet as a medium for “fetch information” is
growing above all amongst the under 44-year-olds. Public institutions and agencies, by contrast, are not seen as relevant information sources for daily consumer products.
Consumers have a pressing wish for easier comparability of information about various products. This is possible by means of important information presented in a specific, distinctive
form about products like for instance the Bauer Engel or the Bio-Siegel. “By means of simple
'signalling' (“carries the Biosiegel” or “does not carrry the Biosiegel”), products can be easily
distinguished by consumers […] The comprehensible and comparative (“standardised”)
presentation of information for complex products with dominant trust characteristics is an
essential component of successful market acceptance and market development.” (Verbraucherzentrale Bundesverband e. V. (vzbv), 2004).

11.3 Annex 3: Problems of risk comparisons
Comparisons can render both hazards and risks easier to understand and help to convey
their importance more effectively. Nonetheless there are also considerable reservations resulting mainly from the problems of a common yardstick, different levels of knowledge and
different time distribution.
The problem of the questionable common yardstick: Risks can be differentiate the by
subject of protection, e.g. health risks can be distinguished from ecological and quality of life
risks. A comparison of different risks is dependent on their being at least one common dimension on the basis of which a comparison can be undertaken. Firstly, there are monetary
sizes which can be recorded for instance via willingness to pay. This throws up difficult questions and also touches more particularly concerning ethical yardsticks and values.
The knowledge problem: The conclusion that knowledge about risks that are to be compared should itself be comparable is obvious. Any comparison that fails to consider the quality of knowledge about risks, i.e. the estimation (un)certainties, is difficult. For instance it is
almost impossible to compare the risks associated with radon and electromagnetic fields
(EMF). In the case of radon we know about the hazard, the dose-response relationship is not
disputed but the assumption is of a linear relationship with no threshold value. There may be
a possible knowledge deficit about exposure. By contrast, in the case of high frequency EMF
(at exposures below the limit values based on thermal effects) it is not clear whether the
thermal effect constitutes a hazard (cf. SSK 2001). A risk comparison fails because in the
case of radon an estimate can be made about how many cases of cancer are to be expected
per year but this is unclear in the case of EMF. Given that electromagnetic fields are ubiquitous, a risk assessment is impossible as long as it is unclear whether there is a hazard.
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The problem of distribution over time: Risks not only have different implementation
chances they also have different latency periods. Years can pass between exposure and the
possible emergence of the risk. Different latency periods – where all the other circumstances
are similar – then require the recording of the respective damage at a same point in time.
The problem of protected values: An initial comparison problem results from the aversion to
the weighing up of alternatives. The works by Baron and Spranca (1997) and by Ritov and
Baron (1999) who examined the influence of protected values (PV)30 are of relevance here.
They understand protected values to mean absolute values which are so strong that they
forbid any weighing up. Protected values of this kind are moral assessments of activities
which blank out the consequences (one may not do x irrespective of how minimal the consequences are). This also blanks out the scale of the consequences (minor potential harm is
just as bad as major potential harm). Furthermore protected values of this kind play a special
role in the assessment of actively doing something (change in status quo compared with failure to do anything (maintenance of status quo). This means comparisons are difficult if not
impossible (Fiske & Tetlock, 1997).
The problem of the implicit reference to the benefit: As a rule, risks are not assessed
independently of their benefits. Experiments show a link between benefit and risk perception
(e.g. Fischhoff et al. 1978; Harding & Eiser 1984; Alhakami & Slovic 1994). Here Finucane et
al. (2000) have shown that risks are estimated to be lower when greater benefits are seen
and vice versa. Furthermore the risk and benefit assessments, if they have to be undertaken
under great time pressure, show a greater negative correlation in comparison to judgements
with no time pressure.
The problem of the emotional colouring of risks: Experiments show that the same risk
information, when couched in different emotionally coloured contexts, leads to different risk
assessments (Spangenberg 2003; Wiedemann, Clauberg & Schütz 2003). In the experiments the studies revealed a clear and highly significant statistical effect of the emotional
context on the risk assessment of the described, objectively the same harmful event: test
persons who assessed a story that triggered dismay as a rule gave higher risk estimates on
average than test persons who were told a story that triggered a feeling of understanding. By
means of these emotional processes, aspects of risk perception are activated that have nothing to do with the actual risks.
The problem of stigmatisation: Stigmatisation31 of risk sources (cf. Kunreuther & Slovic,
2002) has an impact above all through association with emotionally negative images. For
instance Slovic et al. (2001) found that “death”, “pollution” or “bad” in particular were linked to
the concept of “nuclear waste storage facility”. Krewski et al. report (1995) a similar situation
for the term “chemicals”. Peters, Burraston & Mertz (2004) took a closer look at the role of
emotions in the stigmatisation of risk sources associated with ionising rays (nuclear power
plants, nuclear weapons and radioactive waste from nuclear power plants). They found that
the degree of stigmatisation depends above all on the negative emotions which are evoked
amongst the study participants by the sources of radiation. The risk perception of these
sources of radiation was also influenced to a major degree by these negative emotions; by
contrast risk perception itself only had a minor impact on stigmatisation.
The problem of the selective use of information: Studies by Wiedermann and Schütz
(2002) on non-ionising rays clearly show that the group of concerned and unconcerned peo30

As a rule the experiments on protected values confront the test persons with a kind of moral dilemma. They must decide
whether a treatment can be used that will cost the lives of five people in order to save the lives of 500.
31
Kaperson et al. (2001, p.19) define stigma as "a mark placed on a person, place, technology, or product, associated with a
particular attribute that identifies it as different and deviant, flawed, or undesirable''.
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ple all find the arguments convincing that correspond to their estimation of the risk and find
those arguments to be less convincing which contradict their assessment of the risk. If one
regards the two groups separately in respect of their willingness to change their risk perception on the basis of new information then there are clear differences in the case of warnings.
Warnings are deemed to be far more important by concerned individuals for a change in their
own opinion than by unconcerned individuals. By contrast the differences between the
groups in the case of the all-clear are far smaller. The concerned individuals all attributed a
lower weighting to the all-clear when it comes to changes in their own risk assessment than
they do to warnings.
The problem of characteristic uncertainties: In the public discussions about risks, very
different types of risks are taken into account. Considerable space is attributed to risks which
result from exposure to contaminants. Here the uncertainty lies in the question about how
probable and how severe the potential adverse health effects of an actual substance are.
Another risk topic concerns the breakdown of technical plants. Here the question is whether
substances that are known to be harmful may be released into the environment – in the case
of breakdowns – and then have an impact. Breakdowns may also be of importance even
when they are very rare and outside an individual’s direct experience if they are linked with
particularly severe consequences. Finally “risks” are also discussed for which it is still not
clear whether they are risks at all. Here there is uncertainty about whether the specific substances or exposure situations can indeed lead at all to adverse health affects. Comparisons
of these three categories of risk scarcely make any sense at all.
Acceptance of risk comparisons: So far not enough empirical studies have been undertaken to determine whether risk comparisons are helpful and whether they are at all accepted by the target groups. The research findings available so far point to the following conclusions32. (1) Risk comparisons are accepted. (2) They can influence the understanding of
risk. (3) They have scarcely any impact on risk perception. (4) They hardly influence risk acceptance at all.

32

A comprehensive summary of the results is given in Schütz et al., 2006, Chapter 4)
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11.4 Annex 4: Screenshots of the online experiment
Fig. 12: Screenshot 1: Homepage of the online experiment with a brief introduction to the experiment

Fig. 13: Screenshot 2: Depiction of a scenario with reference to the difference between “hazard” and
“risk”
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Fig. 14: Screenshot 3: Depiction of a scenario with information on the difference between “hazard” and
“risk”

Fig. 15: Screenshot 4: Depiction of the scenario with information text about the difference between “hazard” and “risk”
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Fig. 16: Screenshot 5: Overview of the 18 information statements and instructions for the information
search

Fig. 17: Screenshot 6: Example of an information text on a statement
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Fig. 18: Screenshot 7: Answer scale for “hazard assessment” and “risk assessment”

Fig. 19: Screenshot 8: Ranking
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Fig. 20: Screenshot 9: Socio-demographic details

Fig. 21: Screenshot 10: Final page with a chance to take part in the raffle for Amazon vouchers
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