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1.1 General introduction 
The perceptions of the public about risks, e.g. the chance of getting involved in a car 
accident, or getting lung cancer from smoking, differ from the risks as assessed by experts. 
Whereas technical experts use a narrow technological definition of risk based on judgements 
concerning the severity and probability of a negative event, lay people’s perceptions include 
“softer” values, e.g. familiarity, perceived control over and perceived benefits compensating 
the negative consequences of such an event(1). With modern technologies too, experts and 
lay people often differ in risk perception. This difference can lead to miscommunication – 
experts emphasizing information which does not fit the perception of lay people – which in 
turn can lead to misunderstanding of risk and social unrest (e.g. protests, calls for more 
regulations). Sources emitting electromagnetic fields (EMF) are a good example of a modern 
technology on which experts and lay people differ in terms of the perceived risk for health. 
Although there is no convincing evidence supporting the case for negative health effects 
caused by EMF sources, like mobile phones, base stations, and high-voltage power lines, 
there are still concerns among lay people that the EMF emission is linked to cancer and 
other negative health effects(2-7). Moreover, some people attribute somatic reactions such as 
dizziness and headaches to being exposed to EMF(7-10). Understanding perceived risk of 
EMF of lay people – including their concerns about and symptom attributions to EMF – may 
help to improve the risk communication by experts and may lead to a better informed public. 
  This thesis aims to provide insight into the determinants of and differences in 
perceived risk of EMF and concerns of the public, of people with health complaints attributed 
to EMF, and of occupationally exposed people. In this thesis, aspects associated with the 
technologies itself (e.g. perceived benefits, perceived control, perceived exposure, perceived 
health risk), characteristics of the people (e.g. knowledge about the risks, reporting non-
specific health complaints, symptom attribution) and social aspects (i.e. trust in authorities, 
and reactions towards the measures taken by authorities) will be examined. 

This introductory chapter first provides a general framework of risk perception and 
determinants of risk perception, e.g. perceived benefits, feelings, and trust in the 
government. This is followed by a brief overview of what electromagnetic fields (EMF) are, 
what is known about the health effects, and a description of individuals with idiopathic 
environmental intolerance of EMF (IEI-EMF). Subsequently, a summary of literature on risk 
perception about EMF and sources of EMF is provided. The chapter will conclude with a 
description of the research questions and study design, and an outline of this thesis. 
 
1.1.1 Perceived risk 
Often, a discrepancy is found between the public’s and experts’ perception of risks. While 
experts assess the risk by calculating the chance of negative outcomes, lay people tend to 
include a wide scale of characteristics of the risk, e.g. how catastrophic the negative event 
would be, lack of control, or familiarity with a hazard, while assessing a risk. For instance, 
most people prefer driving a car (more control, less chance of a catastrophic outcome) to 
stepping onto an airplane, even though the latter is much safer(1). To clarify the public fear for 
some low-probability hazards (e.g. nuclear power) and public indifference towards some 
technologies that hold high statistical risks (e.g. automobiles), a psychometric approach has 
been developed(1). In this approach, people are asked to score a list of hazards (from 
downhill skiing to radon in houses) on the following characteristics of risk: not observable, 
unknown to those exposed, effect delayed, new risk, risk unknown to science, uncontrollable, 
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dread, global catastrophic, consequences fatal, not equitable, catastrophic, high risk to future 
generation, not easily reduced, risk increasing, involuntary. Using a factor analysis, the 
characteristics can in general be categorized into two factors; unknown risk and dread. 
Examples of risks that scored high on unknown and dread are nuclear power and pesticides, 
while risks that have a low score on both unknown risk and dread are skiing and 
swimming(11).  

Another psychological concept in risk perception is the affect heuristic(12-15). The affect 
heuristic helps people make quick decisions by using ‘gut feelings’ instead of having to 
complete an extensive, cognitive research(14). For example, ‘nuclear radiation’ immediately 
triggers a negative feeling, while ‘solar energy’ often triggers a positive feeling. Positive affect 
is related to perceived benefits, while negative affect is associated with a higher perceived 
risk of the technology. The affect heuristic has been applied in explaining the reverse 
relationship between perceived risks and benefits. Although these perceptions are positively 
related in the world – having more benefits is usually accompanied by more risks (e.g. 
gambling, investments, etc.) – they tend to be negatively related in people’s minds and 
judgements(12). For example, when people think of the high benefits of nuclear power, they 
will experience a positive affect and will judge the risks as lower, than when they do not think 
of the benefits. However, sometimes people experience both negative and positive feelings 
at the same time about a subject. For instance, nuclear power has great benefits, like 
reducing carbon emission, but there is also a risk of accidents with catastrophic outcomes for 
people and environment. The effect of having mixed or ambivalent feelings on perceived risk 
is unclear.  

 Another important aspect in risk perception is the amount of trust people have in the 
authorities to regulate risks(16-21). Trust in this context can be defined as ‘the willingness to 
rely on those who have the responsibility for making decisions and taking actions related to 
the management of technology or other realms of public health and safety’(22). When people 
have little trust in authorities to regulate a potential risk, they perceive the risk as much 
higher than people who have more trust in the authorities(20,22).  
 
1.1.2 Electromagnetic fields 
Electromagnetic fields (EMF) exist wherever electric current flows – in power lines and 
cables, home wiring and electric appliances. But also natural sources like the sun, the earth 
and even humans radiate some EMF. It is composed of different ranges of frequencies. EMF 
are usually distinguished into ionizing fields, i.e. ultraviolet, X-ray, and gamma waves, and 
non-ionizing fields, i.e. radiofrequency (RF), extremely low frequency (ELF), and sub ELF 
(static field) (See Figure 1). All these frequencies have different properties and interact 
differently with the human body(23). Ionizing radiation is characterized by a high frequency of 
waves and can break molecular bonds, which can cause damage to body cells or even 
induce cancer. Non-ionizing radiation cannot break molecular bonds, since the wave 
frequency is too low(24). In this thesis, we focus on several sources of non-ionizing EMF, in 
particular high-voltage power lines and MRI scanners, which radiate ELF, and mobile phone 
base stations, mobile phones, cordless phones (DECT), metal detectors, and microwave 
ovens, which radiate RF.  
 Besides frequency, sources of EMF can also differ in radiation strength, depending on 
the power used by the source (voltage). The strength of the EMF declines exponentially with 
distance. For example, assuming that field strength at 20 metres from the source is 100%, 
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field strength at 40 metres is only 25% and at 80 metres only 6% of the initial strength. 
Exposure is also higher when the mobile phone is getting a weak signal and thus has to 
transmit with more power, e.g. when the mobile phone is far from a base station or in a 
shielded room (indoors, underground, in a train, etc.). High-voltage power lines and mobile 
phone base stations have strong fields. However, the exposure to these fields is lower than 
for mobile phones, because of the distance from the source. 
 

 
Figure 1. Spectrum of electromagnetic fields (source www.kennisplatform.nl) 
 
1.1.3 Health effects of non-ionizing electromagnetic fields 
Research on the physiological and biological effects of non-ionizing electromagnetic fields 
(EMF), especially on high-voltage power lines, has been performed for over two decades. 
Two effects of strong EMF are known – heating of and inducing voltages and currents in the 
human body. The microwave oven, in which food is heated, is a good example. In the 
Netherlands, the maximal levels for exposure are based on the recommendation limits of the 
Health Council, which are derived from the guideline recommendation limits drawn up by the 
International Commission on Non-Ionizing Radiation Protection (ICNIRP). This international 
non-governmental organization bases its recommendations on an in-depth review of 
literature. Below these recommended reference levels, no acute effects are demonstrated, 
but effects of long-term exposure are as yet unknown(25). Some epidemiological studies have 
found associations between intensive mobile phone use (RF EMF) and the development of 
glioma, a type of brain tumour(26). As for extreme low frequency (ELF) of high-voltage power 
lines, epidemiological studies have found an association between a higher prevalence of 
children’s leukaemia and growing up near high-voltage power lines(27,28). However, there is 
no proof of a distance-exposure relationship between exposure to EMF and health effects(8). 
Also, in both RF and ELF EMF, there are no known mechanisms that explain these 
associations, and the research methods used in epidemiological studies have serious 
limitations. Moreover, laboratory studies and studies in animals do not support a causal link 
between exposure to EMF and cancer(27-30).  
 In some occupational groups, it is at times impossible not to exceed the maximum 
levels of exposure to EMF at work(31). An exception to the exposure limitations of EMF is 
made for these occupational groups, since it would otherwise have serious consequences, 
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for example, for clinical and research uses of MRI equipment(32). A study(31) showed that 
during clinical imaging, MRI workers can be exposed to magnetic fields exceeding the 
guidelines of the EU Directive 2004/40/EC. Another study showed that MRI workers reported 
more complaints (vertigo, metal taste and concentration problems) than X-ray workers in a 
manufacturing department(33). No possible health effects have been reported among 
employees working with equipment with EMF below exposure limitations, such as metal 
detectors or security gates. 
 
Idiopathic environmental intolerance of electromagnetic fields 
Up to 10.3% of the general population report experiencing adverse health effects while using, 
or being in the vicinity of, devices emitting electric, magnetic or electromagnetic fields(7,9,10). 
The term used by the World Health Organization (WHO) for this group is idiopathic 
environmental intolerance to electromagnetic fields (IEI-EMF). Currently, there is no 
consensus established about the criteria to identify people with IEI-EMF(8). It was first 
reported in the 1970s(34,35). Symptoms were typically dermatological in character and 
associated with working with video display units. Today, a wide range of symptoms is 
attributed to a variety of electric devices(10). These symptoms may be associated with a 
single EMF source or a combination of EMF sources, varying from domestic appliances to 
power lines. Reported symptoms attributed to EMF have a significant overlap with symptoms 
attributed to other environmental sources, e.g. multiple chemical sensitivity and sick-building 
syndrome (Hillert et al., 2002). Provocation studies on individuals with IEI-EMF, however, 
showed no robust evidence that acute symptoms are caused by exposure to EMF(36-38).  
 
1.1.4 Risk perception of electromagnetic fields 
Although biological and epidemiological research has not shown clear adverse health effects 
of electromagnetic fields (EMF), many people are concerned, and sometimes local 
authorities are forced to take action because of social unrest, as has happened in the case of 
installation of UMTS base stations. Although EMF are relatively low-ranked in health risk by 
the European population compared to other environmental factors, 46% of the European 
population and 25% of the Dutch population reported being concerned about the potential 
health effects of EMF(39).  

In general, lay people are not aware of technological differences like radiofrequency 
(RF) and extreme low frequency (ELF) between EMF sources, such as mobile phones and 
high-voltage power lines, but do rate these differently in terms of the risk for health(40). 
However, lay people rate the risk for health of EMF sources with the same frequency, like 
mobile phones and mobile phone base stations, differently as well. Personal EMF sources, 
such as mobile phones, microwave ovens and electric toothbrushes, are generally thought to 
be less harmful for health and more beneficial than public EMF sources, such as high-
voltage power lines and mobile phone base stations(20,41). Studies on risk perception of 
electromagnetic fields showed that perceived benefits, perceived control, and trust have an 
important effect on perceived risk(18,20,40,42). The effect of perceived control on perceived risk 
has been established in several studies. When sources are perceived as more voluntary and 
controllable, they are likely to be perceived as less hazardous, regardless of the actual 
danger(1,22,43). People choose dangerous controllable risks over less dangerous but 
uncontrollable risks(44). Having little choice in being exposed to a potential hazard leads to a 
higher perceived risk of this hazard(45) and subsequently to a call for more hazard 
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regulation(46). Personal sources of EMF are generally perceived as more voluntary, 
controllable, and with more obvious benefits(1). Personal EMF sources might therefore invoke 
fewer risk responses than public EMF sources, although exposure to EMF from personal 
sources is in fact higher. Trust in risk-regulating authorities is another important determinant 
of risk perception of EMF. Trust refers to both the competence and expertise of the 
authorities as well as their credibility. In general, when competence and credibility of risk 
regulation authorities are perceived as high, people rely on these authorities to regulate risk, 
and as a consequence perceive the risk as low. According to the Eurobarometer(39), countries 
that report the lowest trust in public authorities to protect them against possible health effects 
of EMF show the highest concern among citizens.  

Little is known about how the working population perceives the health risk of different 
EMF sources. It is likely that the perception of those working with specific EMF-emitting 
equipment differs from the perception of the general public. To our knowledge, no study has 
been done on the perceived health risks of EMF among employees working with EMF 
sources emitting EMF just below the exposure limits, e.g. MRI workers. Neither have any 
studies been conducted on occupational sources of EMF with field strengths far below the 
EMF exposure limits, such as metal detectors in airports, public buildings, and shops. While 
the general population seems to be less concerned about EMF of medical technologies and 
safety devices, this might be different for the employees working with EMF sources. If they 
are more knowledgeable about the risk, it might be expected that their perceived risk is even 
lower. On the other hand, exposure wider than the general population might lead to more 
concerns and a higher perceived risk among these employees. Currently, little is known 
about these differences. 
 
The effects of perceived risk of EMF  
Risk perception, in its turn, can have an influence on the responses of the public towards a 
new technology or potential risky situation(47-49). People respond differently to potential 
(environmental) risks, including health risks, for example by protesting against the installation 
of a base station, taking measures to render themselves less exposed or to be better 
protected against a possible risk. Studies showed that people with lower risk perceptions of 
nuclear power plants are more willing to accept this technology(49), and people who use their 
mobile phones regularly also perceive lower risks(20). 
  
1.2 The study project 
This study addresses aspects associated with the technologies itself (e.g. perceived benefits, 
perceived control, perceived exposure, perceived health risk), on characteristics of the 
population (e.g. knowledge about the risks, reporting non-specific health complaints, 
symptom attribution) and on social aspects (i.e. trust in authorities, and reactions towards the 
measures taken by authorities). 
 
1.2.1 Research questions 
In this thesis the following questions are addressed. 
1. How do people perceive and respond to sources of EMF, i.e. mobile phones, microwave 

ovens, digital enhanced cordless telecommunications (DECT), MRI scanners, metal 
detectors, Global System for Mobile Communications (GSM) base station, Universal 
Mobile Telecommunications System (UMTS) base station and power lines? 
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a. How do people working with sources of EMF perceive and respond to these 
sources of EMF? 

b. What are the differences between people with Idiopathic Environmental 
Intolerance of EMF (IEI-EMF) and the general population (including people with 
self-reported sensitivity to EMF)? 

2. What are the relevant determinants of risk perception and behavioural responses to 
sources of EMF? 

3. What is the effect of information on risk perception and responses? 
 
1.2.2 Study design 
To be able to answer the research questions, the data were collected in two different parts. 
First a questionnaire was developed to learn more about perceived risk and aspects of 
perceived risk of different EMF sources among the general population, different occupational 
groups, and people with IEI-EMF. Furthermore, this questionnaire aimed to determine the 
prevalence of non-specific symptoms attributed to EMF and responses to risks of EMF. 
Second, an experiment was developed to investigate the effect of information about risk 
regulation, distance-exposure relation, and personal control on perceived risk and 
responses. 
 
Part 1: Questionnaire 
A questionnaire was developed based on the literature and the results of the focus group 
interviews (eight focus group interviews were performed with members of the general public 
(2x; n=13), MRI radiographers (2x; n=8), security officers (2x; n=10), and individuals with 
self-reported IEI-EMF (2x; n=12). Three themes were used: Knowledge of EMF, societal 
aspects such as (governmental) regulations, and personal experience with EMF. The 
questionnaire was sent out to the general public (n=1009) via an internet panel of Flycatcher 
(20,000 members, ISO 20252 and ISO 26362). The panel consisted of a representative 
sample of the adult Dutch population. The sample was stratified according to demographic 
features (age, gender, educational level, and area of residence) to ensure an accurate 
representation of the population. Panel members were not invited to participate if they had 
cooperated in an unrelated study on EMF earlier that year. The MRI radiographers were 
recruited via a call from NVMBR, the Dutch Society for Medical Imaging and Radiotherapy. 
193 MRI radiographers from 36 hospitals filled in the digital questionnaire. The security 
officers were recruited via I-Sec, a security company at Schiphol. 106 officers filled in the 
digital questionnaire. People with self-reported IEI-EMF were contacted via Meldpunt 
Gezondheid en Milieu (MGM). Everyone who had registered with MGM in the five years 
previous to our research as being electro (hyper) sensitive received a paper version of the 
questionnaire. 116 participants filled in the questionnaire (response rate of 42%).  
 
Part 2: Experiment  
A related study among the general Dutch public revealed a wide variation in beliefs regarding 
potential health effects of EMF, but also overestimation of the amount of radiation from public 
sources relative to personal sources of EMF(50). Additionally, people do not feel adequately 
informed by the government about EMF, and knowledge of government policies on EMF is 
limited. In the proposed experiment we tested the effects of making personal EMF exposures 
in daily life better known, and providing more accessible and transparent information on 
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governmental policies. An experiment with a 2x2x4 factorial between subject design (n=527) 
was developed to test these effects. The conditions varied concerning providing information 
on explaining the distance and exposure relationship (information vs. no information), on 
personal exposure management options (information vs. no information), and on government 
policies regarding EMF (no information, three types of information). This was done to assess 
the effect of information on the understanding of exposure, the evaluation of government 
policy regarding EMF, and risk perception. The experiment was sent out to the general public 
via an internet panel of Flycatcher. Some 30 people took part in each condition. 
 
1.2.3 Outline of thesis 
In chapter 2, the differences among three occupational groups, e.g. the general working 
population, security officers, and MRI radiographers in the risk perception of, feelings 
towards, and health concerns regarding EMF in general and of different (occupational) 
sources of EMF (research question 1a) are described. In chapter 3, differences are 
examined in health perception and EMF between people within the general population 
reporting sensitivity or non-sensitivity to EMF, and people who registered as being sensitive 
to EMF. In addition, the relationship between attributing symptoms to EMF and the self-
reported intensity of non-specific symptoms are examined (research question 1b).  
 In chapter 4, the relationship is studied between trust in government policy regarding 
EMF and people’s responses to risk of EMF and different EMF sources, as well as the role of 
perceived risk, perceived benefits, and perceived control. In chapter 5, people with different 
feelings towards mobile phone base stations on perceived risk, benefits, and protest 
intentions are compared. Also, the relationship between these variables are examined. 
 In chapters 6 and 7, the results of the experiment will be discussed. In chapter 6, the 
effect of government policy information on risk perception and acceptance of the installation 
of a mobile phone base station or power lines are examined. In chapter 7, the effects of 
information explaining exposure to sources of EMF, about mitigation policy, and about 
options available to reduce exposure on lay understanding of exposure, awareness of 
mitigation policy, perceived control over exposure of EMF, and risk perception are discussed.  
 In the final chapter, the findings of the previous studies are discussed, and 
recommendations for employers, government and for further research are addressed. 
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Chapter 2  
Perception of health risks of electromagnetic fields by MRI 
radiographers and airport security officers compared to the 
general Dutch working population: a cross sectional analysis 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Van Dongen D, Smid T, Timmermans DRM. Perception of health risks of electromagnetic 
fields by MRI radiographers and airport security officers compared to the general Dutch 
working population: a cross sectional analysis. Environmental Health 2010; 10:95. 
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Abstract 
Background : The amount of exposure to electromagnetic fields (EMF) at work is mainly 
determined by an individual’s occupation and may differ from exposure at home. It is, 
however, unknown how different occupational groups perceive possible adverse health 
effects of EMF. 
Methods : Three occupational groups, the general Dutch working population (n = 567), 
airport security officers who work with metal detectors (n = 106), and MRI radiographers who 
work with MRI (n = 193), were compared on perceived risk of and positive and negative 
feelings towards EMF in general and of different EMF sources, and health concerns by using 
analyses of variances. Data were collected via an internet survey. 
Results : Overall, MRI radiographers had a lower perceived risk, felt less negative, and more 
positive towards EMF and different sources of EMF than the general working population and 
the security officers. For security officers, feeling more positive about EMF was not 
significantly related to perceived risk of EMF in general or EMF of domestic sources. Feeling 
positive about a source did not generalize to a lower perceived risk, while negative feelings 
were stronger related to perceived risk. MRI radiographers had fewer health concerns 
regarding EMF than the other two groups, although they considered it more likely that EMF 
could cause physical complaints. 
Conclusions : These data show that although differences in occupation appear to be 
reflected in different perceptions of EMF, the level of occupational exposure to EMF as such 
does not predict the perceived health risk of EMF. 
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2.1 Background  
In Europe, a debate is ongoing on exposure limits to protect workers from exposure to 
electromagnetic fields (EMF)(38). The European Parliament and Council aimed to adopt a 
Directive which would protect workers who are exposed in the course of their work from 
known short-term adverse health effects(47). Magnetic Resonance Imaging (MRI) researchers 
and many patients groups protested against the Directive and were given a four year 
reprieve to find a solution, while this would have serious consequences for clinical and 
research uses of MRI equipment, a device of which exposure would exceed the proposed 
exposure limits. Little is known about how MRI radiographers perceive possible health risk of 
EMF, or other workers who are occupationally exposed to EMF. In the last decade, 
increased mobile phone use and the consequent growing number of mobile phone base 
stations has led to a raise in concerns about health effects of EMF among citizens(2,52). 
Studies on adverse health effects of extreme low frequencies and of radiofrequencies, such 
as the development of brain tumors and childhood leukemia in the long-term, and short-term 
health effects, like headaches  and dizziness, showed scientific controversy(4,5,30). Little is 
known about how the working population perceives the health risk of different EMF sources, 
in particular those working with specific EMF-emitting equipment. A study(31) showed that 
during clinical imaging MRI workers can be exposed to magnetic fields exceeding the 
guidelines of the EU-Directive 2004/40/EC(47). There are a few studies on occupational 
exposure to MRI equipment and possible health effects(33,53). A study by de Vocht(33) showed 
that MRI workers reported more complaints (vertigo, metal taste and concentration problems) 
than X-ray workers in a manufacturing department. Hardly any studies are done on the 
perceived health risks of EMF among MRI workers or have been conducted on occupational 
sources of EMF with field  strengths far below the EMF exposure limits, such as metal 
detectors in airports, public buildings and shops. 

People’s subjective judgement of the probability and severity of adverse health effects 
of different EMF sources differ from the health risk as perceived by experts(1,43). EMF is 
comprised by different ranges of frequencies, such as radiofrequency (RF), extremely low 
frequency (ELF), as well as sub ELF (static field), which have different properties and interact 
differently with the human body(23). High voltage power lines and MRI equipment radiate ELF, 
while mobile phone base stations and mobile phones radiate RF. In general, lay people are 
not aware of this technological difference, but do rate different EMF sources differently 
regarding the risk for health. Factors such as not being observable, uncontrollability, and 
involuntariness of exposure to the hazard influence people’s perception of adverse health 
risk from a hazard(1). Health risk of EMF may be perceived differently depending on a 
worker’s knowledge and the voluntariness of exposure. In addition, people’s feelings 
influence their decision-making and play a prominent role in the risk perception(12-15). When 
people see the benefit of a technology and have a positive feeling towards it, they estimate 
the risk lower than when they have a negative or less positive feeling towards the 
technology(12). How different occupational groups perceive the possible risk of different EMF 
sources is unknown. 

We compared three different occupational groups: the general Dutch working 
population; security officers, who work regularly with a source of EMF with field strengths far 
below EMF exposure limits; and MRI radiographers, who work regularly with a source of 
EMF with field strengths close to EMF exposure limits and a strong static magnetic field. We 
compared these three groups on the perception of risk, and negative and positive feeling 
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towards different EMF sources and towards EMF in general. Three different types of sources 
were compared: domestic, occupational, and environmental, differing in voluntariness of 
exposure. Domestic sources are sources people choose to have or use (voluntary), for 
example a mobile phone, a cordless phone (digital enhanced cordless telecommunication 
(DECT)), and a microwave oven (though it is recognised that concerns about each of these 
domestic sources can be very different). Occupational sources are sources specifically used 
at work (semi-voluntary), such as MRI equipment and a metal detector. Environmental 
sources are sources not owned personally by individuals and to which people are 
involuntarily exposed, such as power lines and mobile phone base stations. We also 
compared the occupational groups on health concerns.  

With this study we wanted to find answers to the following questions: (1) Do the 
occupational groups differ on perceived risk of and feelings towards EMF in general and of 
different EMF sources, and if so to what extent?; (2) What is the relationship between 
negative and positive feeling with perceived risk of EMF in general and of different EMF 
sources of the occupational groups?; (3) Do the occupational groups differ on health 
concerns with respect to EMF and different EMF sources, and if so to what extent?  
 
2.2 Methods  
2.2.1 Participants  
Three groups were studied: Group 1 consisted of people of the general Dutch working 
population; group 2 consisted of airport security officers who regularly work with a source of 
EMF with field strengths far below EMF exposure limits (metal detector); and group 3 
consisted of MRI radiographers who regularly work with a source of EMF with field strengths 
close to EMF exposure limits (MRI equipment). The working population was approached via 
an invitation in an online consumer panel (20,000 members, ISO 20252 and ISO 26362). The 
panel consisted of a representative sample of the adult Dutch population. The sample was 
stratified on demographic features (age, gender, educational level and area of residence) to 
ensure that the sample is an accurate representation of the population. Panel members were 
not invited to participate if they had cooperated in a previous study on EMF earlier that year. 
Participants received points for cooperation, which could be exchanged for gifts. Within a 
week 1009 participants had filled out the questionnaire. Of the 1009 participants, 57% were 
employed and included in this study. Nine participants were excluded because they worked 
with EMF sources with exposures above Action Level(23), the exposure level at which 
personal reduction is obligatory. This working population was equal on age, gender and 
educational level to the Dutch working population according to the CBS (Statistics 
Netherlands).  

The security officers were recruited via a security company at Schiphol/Amsterdam 
airport. They were approached in their break by one of the researchers. They were asked to 
participate in an anonymous, online study on EMF sources in daily life and at work. In 
exchange for their e-mail address they received a small incentive, which resulted in 217 
officers signing up. MRI radiographers were recruited via a call from the Dutch Society for 
Medical Imaging and Radiotherapy (NVMBR) through an advertisement in their monthly 
journal and through contact by a NVMBR representative in most Dutch hospitals. The call 
described that the study was about the use of EMF in daily life and at work. MRI 
radiographers were asked to send their email address. To this call 344 MRI radiographers 
from 36 hospitals responded. Both security officers and MRI radiographers who had signed 
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up received an e-mail with a link to the questionnaire. They received a first reminder after a 
week and a second one after two weeks. The response rate of the security officers was 49%. 
The response rate of the MRI radiographers was 56%. The security officers received, 
additionally to the small incentive they got for their email address, company points after filling 
out the questionnaire, which they could exchange for gifts. The MRI radiographers received a 
small incentive. 
 
2.2.2 Outcome measures  
The items used in this study were selected from a larger questionnaire on risk perception and 
EMF. In the introduction of the questionnaire, it was explained to participants that the 
questions involved EMF, but no description of EMF was provided. The concepts measured 
were risk perception of EMF in general, risk perception of different EMF sources, positive 
and negative feelings towards EMF in general and of different EMF sources, and concerns 
about health effects of EMF.  
 
Perceived risk of and feelings towards EMF in general and different EMF sources 
Risk perception of EMF was measured by asking the participants how dangerous they 
thought EMF was ("To what extent do you think EMF is dangerous?”, rated on a 5-point 
scale from ‘very harmless’ to ‘very dangerous’). Negative and positive feeling towards EMF 
were measured by asking the participants how frightening they thought EMF was ("When I 
think of EMF I think it is frightening”, rated on a 7-point scale from ‘not at all’ to ‘very’) and 
how positive their feeling was towards EMF ("When I think of EMF I think it is positive”, rated 
on a 7-point scale from ‘not at all’ to ‘very’). 

To measure the perceived risk of the different EMF sources, participants were asked 
to rate questions on risk perception ("To what extent do you think this technology is a health 
risk?”), positive feeling ("To what extent do you have a positive feeling about this 
technology?”) and negative feeling ("To what extent do you get an unsafe feeling of this 
technology?”) on a 5-point scale from ‘not at all’ to ‘very much’.  Eight different EMF 
sources were selected based on their different properties. Three types were used: domestic, 
occupational, and environmental. Domestic sources included commonly used equipment, 
namely a mobile phone, a microwave oven, and a cordless phone (DECT). Occupational 
sources included the MRI and a metal detector. Environmental sources included a GSM 
base station, a UMTS base station and power lines. Both UMTS and GSM base station were 
included while previous focus group interviews (data not published) showed that people were 
more concerned about the new UMTS base station, than the older GSM base station. To 
compare these three types of EMF sources, a group mean of risk perception was calculated 
for the domestic sources and the environmental sources. Risk perception of a DECT, a 
microwave oven, and a mobile phone were summed into domestic source (a = .88). Risk 
perception of power lines, a GSM base station, and an UMTS base station were summed up 
for environmental source (a = .93). The metal detector and the MRI were not combined for 
the occupational source, since too many differences in risk perception were expected 
between these two sources. 
 
Concerns about health effects of EMF 
With regard to concerns about health effects, a distinction between diseases and physical 
complaints was made. The difference between diseases and physical complaints was 
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explained in the text prior to the questions about the health effects. Participants were told 
that: “In the next part a distinction is made between physical complaints and diseases. 
Diseases are e.g. diabetes, flu, and malaria. Physical complaints are symptoms that are not 
specifically part of the disease you might have right now, e.g. dizziness, pain, and shortness 
of breath.” Participants were asked whether they believed people could get a disease from 
EMF. If answered ‘yes’, two other questions followed: “How many people in the Netherlands 
do you think will get a disease caused by EMF?” (on a 6-point scale from ‘less than 10’ to 
‘more than 100,000’) and “What are the chances of getting a disease of EMF yourself?” (on a 
5-point scale from ‘not/very low’ to ‘very high’). The same questions were asked about 
physical complaints. We assumed that participants knew that the Dutch population size is 
approximately 16 million, therefore, no indication of it was given with the questions. 
 
2.2.3 Data analyses 
Analyses of variances were conducted to compare the three occupational groups on risk 
perception, and negative and positive feeling of EMF in general. The same statistical 
analyses were used for risk perception, and negative and positive feeling per EMF source. 
Repeated measures analysis of variance was used to compare differences between the 
occupational groups on perceived risk of the different types of sources. Between subjects 
factor was the occupational group and the within subjects factor the risk perception of 
domestic sources, metal detector, MRI, and environmental sources. Bonferroni correction 
was applied for post hoc comparison groups on all of the above analyses. To verify that the 
differences between the groups were not related to differences in educational level, Pearson 
correlation was used within the general working population to see if educational level 
influenced the other variables.  

Pearson correlation was used to measure the correlations between risk perception, 
negative and positive feelings of EMF in general, domestic sources, metal detector, MRI, and 
environmental sources within each occupational group. Fisher’s z was used to test whether 
correlations differed significantly between groups and different EMF sources.  

Pearson chi-square tests were conducted to analyse differences between the three 
occupational groups in whether participants believed EMF could cause a disease. Pearson 
chi-square tests were performed per item comparing two out of the three groups with each 
other. To analyse how many Dutch participants were believed to have a disease caused by 
EMF, the question was dichotomized on the median. Pearson chi-square tests were used to 
compare the groups on differences regarding estimates larger than 10,000, the median. 
Analysis of variances was used to compare the groups on what they thought the chances 
were of getting a disease themselves caused by EMF. The same statistical analyses were 
used for physical complaints. 
 
2.3 Results 
2.3.1 Participants 
The group characteristics demonstrate some differences between the groups. MRI 
radiographers are usually higher educated women, while the security officers are younger 
and their educational level was mainly medium (see Table 1). No strong significant 
correlations were found within the general working population between educational level and 
the variables perceived risk of EMF in general and of different EMF sources and feelings 
towards EMF in general and of different EMF sources (-.17 < r2 > .15). Therefore, we can 
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presume that the found differences between the occupational groups were not related to the 
difference in educational level between the groups. 

Table 2 shows risk perception of and feelings towards EMF in general and of different 
EMF sources of the three groups. Analyses of variance showed that MRI radiographers felt 
significantly more positive and less negative about EMF and had a lower perceived risk of 
EMF than the general working population and security officers. 
 
Table 1. Group characteristics 
 Working 

population 
(N=567) 

Security 
officers 
(N=106) 

MRI 
radiographer 
(N=193) 

Gender (% male) 58.2 52.8 23.3 
Age (m (sd)) 42 (12.5) 37 (10.9) 40 (9.4) 
Education level º (%) 
  Low  
  Medium 
  High 

 
24.2 
43.4 
32.5 

 
5.7 
82.1 
12.3 

 
0 
5.2 
94.8 

º Low: primary school, lower level of secondary school, or lower vocational training. Medium: higher level of 
secondary school, or intermediate vocational training. High: higher vocational training or university 

 
2.3.2 Perceived risk of and feelings towards EMF in general and of different EMF sources 
The MRI radiographers rated all sources of EMF as being significantly less hazardous for 
health (risk perception) than the other two groups, including their own occupational source, 
the MRI equipment. Security officers rated almost all sources of EMF more hazardous than 
the other two groups, including their own occupational source, the metal detector. The 
largest differences between the three groups in feelings towards the different EMF sources 
was found for the occupational sources. MRI radiographers were most positive about the 
MRI equipment and significantly more than the other two groups. We also found that security 
officers were significantly more positive about the metal detector than the working population, 
but at the same time, they were also significantly more negative about. the metal detector 
than the other two groups.  

There were also differences in the risk perception of different types of EMF sources. 
Repeated measure analysis of variance showed an overall effect of sources (F(3, 858) = 
6.97; p < .01) with all sources differing significantly from each other and with the metal 
detector having the lowest rating on perceived risk and environmental sources the highest. 
Domestic sources were overall rated significantly less hazardous for health than 
environmental sources. 

For negative feeling towards the EMF sources, repeated measure analysis of 
variance also showed an overall effect of sources (F(3, 858) = 7.00; p < .01) with the lowest 
negative feeling for domestic sources and the highest for environmental sources. Repeated 
measure analysis of variance also showed an overall effect of sources for positive feeling 
towards different EMF sources (F(3, 858) = 8.61; p < .01). Domestic sources were rated 
most positive, but did not significantly differ from the MRI. Environmental sources were rated 
least positive. 
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Table 2. Means and standard deviations of risk perception and feelings towards EMF in general and different sources per group 
  Risk perception 

(5-point scale: “very harmless”- 
“very dangerous”) 

Negative feeling 
(5-point scale: “no”-“very much”) 

Positive feeling 
(5-point scale: “no”-“very much”) 

(m(sd))  Working  
pop. 

Security  
officers 

MRI  
radiogr. 

Working  
pop. 

Security  
officers 

MRI  
radiogr. 

Working  
pop. 

Security 
 officers 

MRI  
radiogr. 

EMF in general 3.0³ (0.8) 3.0³ (0.7) 2.7 (0.7) 2.8²,³ (1.0) 2.3³ (1.1) 1.8 (0.9) 3.2²,³ (1.1) 2.1 (0.9) 2.8² (0.9) 
Domestic 
Sources 

Microwave oven 2.3³ (1.1) 2.8¹,³ (1.1) 2.1 (0.9) 2.0 (1.0) 2.3¹,³ (1.1) 1.9 (0.9) 3.5 (1.1) 3.6 (1.1) 3.7 (0.9) 
Mobile phone 2.6³ (1.1) 2.9¹,³ (1.2) 2.3 (0.9) 2.0 (1.0) 2.3¹,³ (1.2) 1.9 (0.9) 3.8 (1.0) 3.9 (1.0) 3.9 (0.8) 
DECT 2.3³ (1.0) 2.5³ (1.1) 2.1 (0.9) 1.9 (1.0) 2.1¹,³ (1.0) 1.8 (0.9) 3.6 (1.1) 3.5 (1.1) 3.8¹,² (0.9) 

Occupational 
 sources 

MRI 2.8³ (1.1) 2.9³ (1.1) 2.5 (0.9) 2.3 (1.2) 2.4³ (1.2) 2.1 (1.0) 3.6 (1.2) 3.4 (1.2) 4.2¹,² (0.9) 
Metal detector 2.3³ (1.0) 2.8¹,³ (1.1) 2.0 (0.9) 2.0 (1.0) 2.5¹,³ (1.2) 1.8 (0.9) 3.1 (1.1) 3.5¹ (1.1) 3.3 (1.0) 

Environ- 
mental  
sources 

Power lines 3.0 (1.3) 3.4¹,³ (1.2) 2.8 (1.1) 2.6 (1.3) 2.9¹ (1.4) 2.7 (1.3) 3.0 (1.2) 2.8 (1.1) 3.1 (1.2) 
GSM base 
station 

3.0³ (1.2) 3.2³ (1.2) 2.7 (1.0) 2.4 (1.3) 2.6 (1.3) 2.4 (1.2) 3.0 (1.1) 3.0 (1.2) 3.1 (1.1) 

UMTS base 
station 

3.1³ (1.2) 3.2³ (1.2) 2.8 (1.1) 2.5 (1.3) 2.7 (1.3) 2.5 (1.2) 2.9 (1.1) 2.9 (1.2) 3.0 (1.1) 

¹ p<.05, significantly higher (ANOVA) than the working population, ² p<.05, significantly higher (ANOVA) than the security officers, ³ p<.05, significantly higher (ANOVA) than the 
MRI radiographers. With Bonferroni correction.
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2.3.3 Relationships between perceived risk of and feelings towards EMF in general and of 
different EMF sources 
The security officers did not differ in perceived risk of EMF from the general working 
population, but felt significantly less negative and less positive about EMF in general. 
Negative feeling correlated in all three groups significantly with perceived risk (general 
working population: r = .61; security officers: r = .36; MRI radiographers: r = .44, p < .05). 
With the exception of the security officers (r = -.12, p = .240), positive feeling and risk 
perception of EMF had a significantly negative correlation in the general working population 
(r = -.50, p < .05) and a weak but significant negative correlation in the MRI radiographers 
group (r = -.28, p < .05). Fisher’s r to z transformation showed that for the general working 
population there was a stronger positive correlation between risk perception and negative 
feeling than for the MRI radiographers (z = 3.10, p < .01) and the security officers (z = 2.82, p 
< .01). Also, a stronger negative correlation between risk perception and positive feeling was 
found for general working population compared to the MRI radiographers (z = -3.12, p < .01) 
and the security officers (z = -4.00, p < .01).  

In Table 3 the correlations between perceived risk of and feelings towards EMF in 
general and of different sources are demonstrated per group. The majority of outcome 
measures correlate within the groups. There were strong positive correlations between risk 
perception and negative feeling of the different EMF sources which were stronger than the 
correlations between risk perception and positive feeling. With the exception of the security 
officers on domestic sources, positive feeling and risk perception of the different EMF 
sources have significant negative correlations. Fisher’s z showed that most correlations did 
not differ significantly between the three occupational groups. Exceptions were: the 
correlations of environmental sources of security officers and MRI radiographers for negative 
feeling (z = 2.03, p < .05) and for risk perception and positive feeling (z = -2.34, p < .05), and 
the correlations of metal detectors of working population and MRI radiographers for negative 
feeling (z = -2.39, p < .05). 
 
Table 3. Correlations between risk perception and feelings of different EMF sources per 
occupational group. 

 Negative feeling Positive feeling 

 Working  
pop. 

Security  
officers 

MRI  
radiogr. 

Working  
pop. 

Security 
officers 

MRI  
radiogr. 

Risk perception domestic  .65** .64** .71** -.35** -.18 -.38** 

Risk perception MRI .57** .55** .61** -.21** -.26** -.30** 

Risk perception metal 
detector 

.57** .65** .69** -.24** -.36** -.32** 

Risk perception 
environmental  

.68** .62** .75** -.36** -.22* -.47** 

**. Correlation is significant at the 0.01 level. 
*. Correlation is significant at the 0.05 level. 

 
2.3.4 Concerns about health effects of EMF 
68% of all the participants believed that EMF could cause a disease and 76% believed it 
could cause physical complaints. There were no significant differences between beliefs about 
a disease and beliefs about developing physical complaints (see Table 4), with the exception  
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Table 4. Percentages and estimates of participants’ health concerns per occupational group. 
 
 
 
 
 
 
 
 
 
 
 

ª Pearson chi-square test; º 5-point scale from “not” to “very high”  
Analyses of variances, ¹ p<.05, significantly higher than working population, ² p<.05, significantly higher than security officers, ³ p<.05, significantly higher than MRI 
radiographers 

 Do EMF have health effects?  
(Number yes (%)) ª 

How many Dutch people 
have health effects? (% 

above median)ª 

What are the chances of getting 
health effects yourself? (mean 

(SD))º 
 Working  

pop. 
Security 
officers 

MRI 
radiogr. 

Working  
pop. 

Securit
y 
officers 

MRI 
radiogr 

Working  
pop. 

Security 
officers 

MRI 
radiogr. 

Disease 397³ 
(70%) 

73  (70%) 118  (61%) 26.2 ³ 35.6 ³ 11 2.2³ 
(0.8) 

2.7¹,³ (1.0) 2.0 (1.0) 

Physical  complaints 423 (75%) 78 (74%) 161¹,²  
(83%) 

30.3 ³ 29.5 20.5 2.3 (0.8) 2.7³ (1.0) 2.2 (1.1) 



27 
 

of the MRI radiographers. Pearson chi-square tests showed that significantly more MRI 
radiographers believed that people could get physical complaints from EMF compared to the 
working population and security officers. 

Also, a lower percentage of the MRI radiographers had the opinion that over 10,000 
Dutch people a year have physical complaints due to EMF compared to the other 2 groups. 
Analysis of variance showed that security officers rated the chances of getting a disease 
themselves as significantly higher than the general working population and the MRI 
radiographers, and the chances of getting physical complaints themselves significantly 
higher than MRI workers (see Table 4). 

  
2.4 Discussion 
This study shows that not all occupational groups have the same risk perception of EMF and 
EMF sources. The MRI radiographers rated EMF and different EMF sources as less 
hazardous for health than did the general working population and the security officers. 
Ratings of the security officers did not differ much from the general working population. In 
line with earlier studies, all three groups rated the less voluntary and less controllable 
environmental sources as a higher risk for health than the more voluntary and more 
controllable domestic sources(20,41,46,52,54). Negative feeling towards EMF were associated 
with a higher perceived risk(43). Additionally, more than two third of the participants believed 
that EMF could cause adverse health effects.  
This study has some limitations that need to be addressed. First, the study presents cross-
sectional data and can not show the dynamic relationships between the variables. Therefore, 
only descriptive analyses were performed, demonstrating differences between the 
occupational groups. Second, the precise occupations of the general Dutch working 
population are unknown. We excluded participants who reported working with devices close 
to EMF exposure limits, but whether they work with other EMF sources, and of what 
category, is not known. Therefore, this group serves primarily as a control group to compare 
with the two specific occupational groups. Also, the exact dose and duration of EMF 
exposure per individual within the specific occupational groups is not known. However, it 
seems unlikely that these individual differences in exposure would affect the differences in 
perceived risk and health concerns between occupational groups to a large extent.  

The two occupationally-exposed groups differed in their perception of health risk of 
EMF and EMF sources. MRI radiographers’ perceptions of risk were lower than those of the 
security officers, although they work with equipment with EMF strengths closer to the 
exposure limit than security officers. The level of occupational EMF exposure does not seem 
to influence the risk perception of employees. Experience, training, as well as being more 
technology-orientated might affect risk perception of EMF. MRI radiographers have more 
education and training in their occupational EMF source – the MRI - than the security officers 
have in the metal detector and are probably more technology-orientated than security officers 
as their job is more technical. However, it should be noted that MRI radiographers are only 
made aware of possible health effects, apart from the risk of missiles, in training in safety 
precautions to avoid acute effects, such as nausea, dizziness, and metal taste in the mouth. 
No information is given about other possible adverse health effects. It thus seems likely  that 
training is not the only explanation for the differences between MRI radiographers and 
security officers.  
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Security officers had an ambivalent attitude towards the metal detector, as they 
reported more  negative as well as more positive feelings towards the metal detector. Focus 
group interviews, conducted prior to the present study to develop the questionnaire (data 
unpublished), showed that security officers are only taught that EMF is a non-ionizing 
radiation and that therefore, no special safety precautions are necessary. Also, most security 
officers are employed for less than five years, so this profession might be seen as a just in 
between job, which may make them less devoted to their job and less interested in what is 
needed for the job - the metal detector. Furthermore, the metal detector is a device to aid 
security officers in their work, but is less essential for their work. As proposed by the Affect 
Heuristic(12), some security officers may think more positively about the metal detector 
because it makes their job easier while at the same time they are concerned about adverse 
health effects. Others might think more negatively about the metal detector as a result of a 
lower perceived benefit and higher perceived risk of the metal detector. One reason that MRI 
radiographers are more positive towards the MRI, might be that the MRI is essential for the 
job of the MRI radiographers and therefore the benefits might be more apparent.  

Participants’ beliefs about EMF causing a disease, such as cancer, or causing 
physical complaints, such as dizziness or headache, did not differ much. This suggests that 
people do not take  into consideration the different mechanisms causing complaints or 
causing disease. As MRI radiographers have a better medical education and deal with 
seriously ill patients on day to day basis, they might be aware of this and therefore do make 
a distinction herein.  

Risk communication by the authorities or employers often uses technological and 
numerical information to explain certain risks(23,51), in order to reduce the (potential) risk 
perception. But anticipating on feelings and attitudes towards the risk source might be of 
more importance. In this study we showed that different occupationally exposed groups have 
different thoughts and feelings about EMF and EMF sources. When looking at the 
technological information, MRI radiographers can be expected to be more concerned about 
the EMF exposure than the security officers. But in fact MRI radiographers are little 
concerned, while security officers are more concerned. We suggest that employers fit (risk) 
communication to the thoughts and feelings of the employees towards the EMF sources and 
not presume that employees are not worried when working with sources far below the 
exposure level.  
 
2.5 Conclusions 
Although no clear long term adverse health effects of exposure to EMF have been shown to 
date, occupational groups working with EMF equipment differ in their perceptions of possible 
risks. The strength, as opposed to the nature, of occupational exposure as such does not 
seem to be of major  influence on the risk perception, but knowledge of EMF in general and 
voluntariness of exposure of different EMF sources likely is. It is important to keep this in 
mind when informing employees about possible risk of EMF on health.  
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Chapter 3  
Symptom attribution and risk perception in individuals with 
idiopathic environmental intolerance to electromagnetic fields 
and in the general population 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Van Dongen D, Smid T, Timmermans DRM. Symptom attribution and risk perception in 
individuals with idiopathic environmental intolerance to electromagnetic fields and in the 
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Abstract  

Aim: To investigate differences in health perception and electromagnetic fields (EMF) 
between people within the general population reporting sensitivity or non-sensitivity to EMF, 
and people who registered themselves as sensitive to EMF at a non-governmental 
organisation (NGO).  

Methods: Correlations and regression analysis to compare a sample of the general 
population recruited via internet panel to individuals with idiopathic environmental intolerance 
to EMF (IEI-EMF) recruited via an interest group.  

Results: The general population sensitive group was more similar to the non-sensitive group 
in personal characteristics than to the NGO sensitive group. They experienced more – and 
more frequent – non-specific symptoms, reported higher perceived risk of EMF, and 
attributed their symptoms more to EMF than the non-sensitive group, but less than the NGO 
sensitive group. There was a positive association between attribution of symptoms to EMF 
and reported intensity of non-specific symptoms, which was stronger for the NGO sensitive 
subjects than for the general population.  

Conclusions: People sensitive to EMF and recruited via an internet panel differ from people 
sensitive to EMF and recruited via an NGO, who reported a higher frequency of non-specific 
symptoms. Attribution of symptoms to EMF is one of the predictors of the intensity of physical 
symptoms. Changing the perceived association between EMF and health problems in 
individuals with IEI-EMF might contribute to a better health experience. 
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3.1 Introduction  
In the past decade, increased mobile phone use and the consequent growing number of 
mobile phone base stations has led to an increase of exposure to electromagnetic fields 
(EMF) in the environment(55). Although research has not shown any clear health effects of 
exposure to EMF, concerns about the health effects of EMF have risen among citizens(2-

7,23.56). Although EMF are relatively low-ranked in health risk by the European population 
compared to other environmental factors, 46% of the European population and 25% of the 
Dutch population reported being concerned about the potential health effect of EMF(39). The 
biological effects of strong EMF are known, but the effects of long-term exposure to EMF 
below recommended reference levels are difficult to measure, while no acute effects are 
noticeable. So far, no convincing evidence of a causal relationship between radio frequency 
fields (i.e. EMF of mobile phones and mobile phone base stations) and adverse health 
effects have been found(25,57).  

Up to 10.3% of the general population are not just concerned about health effects, but 
experience adverse health effects while using, or being in the vicinity of, devices emitting 
electric, magnetic or electromagnetic fields(7,9,10). The official term used by the World Health 
Organization  (WHO) for this group of people is idiopathic environmental intolerance to elec-
tromagnetic fields (IEI-EMF). There is no consensus established to this day about the criteria 
to identify people with IEI-EMF(8). It was first reported in the 1970s(34,35). Symptoms were 
typically dermatological and associated with working with video display units. Nowadays, a 
wide range of symptoms is attributed to a variety of electric devices(10). These symptoms may 
be associated with a single EMF source or a combination of EMF sources, varying from 
domestic appliances to power lines. Reported symptoms attributed to EMF have a significant 
overlap with symptoms attributed to other environmental sources, for example multiple 
chemical sensitivity and sick-building syndrome(9). Provocation studies on individuals with 
IEI-EMF, however, showed no robust evidence that acute symptoms are caused by exposure 
to EMF(36-38). Non-specific symptoms are commonly reported – but not attributed to EMF – by 
the general population(58,59). Some studies have shown that individuals with IEI-EMF not only 
report a higher amount of these symptoms, but also experience these symptoms more often 
compared to the general population(9) or to people who do not attribute their symptoms to 
EMF(60). Little is known about people in the general population who believe that they are 
sensitive to EMF in comparison to those who do not and those who have taken steps to 
report being sensitive to EMF.  

In general, there is a consensus in terms of the demographic profile of individuals with 
IEI-EMF(10,20,60-62). More women characterise themselves as being IEI-EMF, as do people with 
high somatisation tendency. Several psychological factors have been suggested as being 
associated with the physical symptoms of individuals with IEI-EMF, such as pessimism and 
neuroticism(62,63). There are indications that believing or expecting health effects of EMF in 
itself is related to a higher level of non-specific symptoms than average. A study on IEI-
EMF(63) showed that individuals with higher reported IEI-EMF experienced more non-specific 
symptoms as compared to people with lower reported IEI-EMF.  

In the present study we compared three groups: a representative sample of the 
general Dutch population, recruited via internet panel and divided into (1) sensitive, (2) non-
sensitive based on self-report, and (3) individuals who reported having symptoms caused by 
EMF. We distinguished between people who had taken steps to report being sensitive to 
EMF at a non-governmental organisation (NGO) specialising in this and similar conditions 
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and people who when asked (in a questionnaire) said that they believed they were sensitive 
to EMF. Although there might be an overlap between these two groups, we expect this to be 
minimal. This is different from previous studies, which only compared IEI-EMF groups – 
recruited specifically because they had reported being sensitive to EMF – with the general 
population(60) or sensitive and non-sensitive people, classified by a question, within the 
general population(9). We compared them with regard to the prevalence of non-specific 
symptoms, the perception of health risks of EMF, and the attribution to EMF of individuals in 
relation to different EMF sources. In addition, we analysed the relationship between the 
reported frequency of symptoms and attribution to EMF. We aimed to find answers to the 
following questions:  

1. To what extent do the groups differ in individual characteristics, type and number of 
 non-specific symptoms, attribution of symptoms – specifically to EMF – and 
 perceived risks of EMF in general and of different EMF sources?  

2. What is the relationship between perceived risk of EMF, attribution of symptoms to  EMF 
 and the intensity of self-reported non-specific symptoms?  

 
3.2 Methods  
3.2.1 Participants  
Three groups of participants were compared: (1) those who reported not being sensitive to 
EMF (answered ‘no’ or ‘I don’t know’ to the question ‘Do you believe you are sensitive to 
electromagnetic fields?’) (non-sensitive: NS group); (2) those who reported being sensitive to 
EMF (answered ‘yes’ to this question) (general population sensitive: GP sensitive group); 
and (3) those who had reported health complaints attributed to EMF at an NGO (NGO 
sensitive group).  

The first sample consisted of people representative of the Dutch adult population 
(between 18 and 82 years old). They were approached through an invitation in an online 
consumer panel (ISO 20252- and ISO 26362-certified) consisting of a representative sample 
of the Dutch population. Participants received credits for cooperation that could be 
exchanged for gifts. A total of 1,009 participants (response rate 60%) filled in the ques-
tionnaire, of which 7% reported being sensitive to EMF; 93% did not report being sensitive.  

The second sample consisted of people who had reported in the previous five years 
health complaints attributed to EMF to a Dutch NGO. This NGO collects health problems 
attributed by citizens to environmental factors (air pollution, water pollution, noise, EMF, 
chemical substances, soil, odours, low frequent sounds, radioactivity, asbestos and pests) 
and reports these annually to the government. In total, 278 people were approached by the 
NGO. Participants received an introduction letter, an informed consent form, a return 
envelope and the questionnaire by mail, since filling in a questionnaire on a computer could 
be problematic due to the EMF. Of the 278 people approached, 116 returned a completed 
questionnaire.  

3.2.2 Measures  

The content of the web-based questionnaire for the general population and the paper version 
for the NGO sensitive group was identical. The introduction section of the questionnaire 
explained to participants that the questions involved EMF, but no description of EMF was 



33 
 

provided since we needed to know what people in general know and think about EMF. The 
variables measured demographic and personal characteristics, self-reported non-specific 
symptoms, risk perception of EMF in general and of different EMF sources, and attribution of 
symptoms to possible causes, including EMF.  

Demographic and personal characteristics  
Age, gender, education level and employment status were assessed. Self-reported general 
health status was measured by asking participants: ‘In general, how would you say your 
health is?’ To measure how concerned participants were about their health, we used the four 
concern items of the General Health Perception Questionnaire (GHPQ)(64). The GHPQ 
concern score was calculated by re-coding the two positively worded items and added this to 
the score of the two negatively worded items. We measured optimism using the Life 
Orientation Test-Revisited (LOT-R)(65) and neuroticism using the neuroticism items of the 
NEO-Five Factors Inventory (NEOFFI)(66).  

Self-reported non-specific symptoms  
Self-reports of non-specific symptoms were assessed with the somatisation items of the 
Four-Dimensional Symptom Questionnaire (4DSQ)(67). The 4DSQ comprises a list of 16 
commonly experienced physical symptoms. ‘Fatigue’ was added to this list because it is 
often mentioned as a symptom by individuals with IEI-EMF(7). ‘Metal taste in mouth’ was also 
added as it is frequently mentioned in focus group interviews by individuals with IEI-EMF and 
MRI radiographers (data not published). Participants were asked to indicate how often they 
had experienced each of the symptoms in the previous two weeks, using a five-point scale (1 
= ‘no’, 5 = ‘very often or constantly’). Responses to the 4DSQ were scaled in three ways: 
number of symptoms, symptom intensity and average symptom intensity. Number of 
symptoms was configured by giving a score of 0 to each symptom that received the 
response ‘no’, and a score of 1 to each symptom that received any of the other responses 
(‘sometimes’ to ‘very often or constantly’). These scores were added together to determine 
the total number of symptoms. Symptom intensity was computed by adding the scores of the 
five-point scale on each of the symptoms. Average symptom intensity was configured by 
dividing symptom intensity by number of symptoms.  

Perceived risk of EMF and attribution of symptoms to EMF  
Risk perception of EMF was measured by asking: ‘To what extent do you think EMF are 
dangerous?’ (rated on a five-point scale from ‘very harmless’ to ‘very dangerous’). To 
measure the perceived risk of the different EMF sources (digital enhanced cordless 
telecommunications (DECT), mobile phone, microwave, Global System for Mobile 
Communications (GSM) base station, Universal Mobile Telecommunications System (UMTS) 
base station and power lines), participants were asked: ‘To what extent do you think this 
technology is a health risk?’ (rated on a five-point scale from ‘not at all’ to ‘very much’). No 
difference was made between sources with radiofrequency (RF) EMF and extremely low-
frequency (ELF) EMF; focus group interviews showed that people did not differentiate 
between these sources of different frequencies (data not published).  

Participants were asked to report their most serious symptom and to indicate to what 
extent they believed it could be attributed to six different possible causes (rated on a five-
point scale from ‘certainly not’ to ‘most certainly’). The list of causes was based on the Illness 
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Perception Questionnaire(68) and included unhealthy lifestyle, psychological problems, 
heredity, and virus or bacteria. We added air pollution and EMF to this list, and divided the 
extent to which participants believed their most serious symptom was caused by EMF into 
yes (scores of ‘probably’ and ‘most certainly’) and no (scores of ‘certainly not’ to 
‘maybe/maybe not’).  

3.2.3 Data analyses  
All statistical analyses were done in SPSS 20. Analyses of variances were used to compare 
the three groups on differences in self-reported general health status, health concerns, 
optimism, neuroticism, number of reported symptoms, the intensity and average intensity of 
reported symptoms, the risk perception of EMF in general and the risk perception per EMF 
source, and the attribution of symptoms to six possible causes. Pearson χ2 tests were 
conducted to analyse the difference between the groups in prevalence of each of the 18 
symptoms.  

Pearson’s correlations were assessed to examine the relationships between 
individual characteristics, attribution to EMF and other possible causes on the one hand, with 
self-reported symptoms intensity and perceived risk of EMF on the other. Hierarchical linear 
regression analyses within the NGO sensitive group and the general population (NS and GP 
sensitive groups) were performed to further explore the relationship between symptom 
intensity, perceived risk of EMF, and attribution to EMF. The variables age, gender, 
education level, health concerns, optimism and neuroticism were added as possible 
confounders and to study the contribution of perceived risk of EMF and attribution to EMF in 
the prediction of symptom intensity.  

3.3 Results  
3.3.1 Individual characteristics  
The three groups differed with regard to demographic characteristics (Table 1). The group 
recruited via an NGO (NGO sensitive) consisted of more women, and participants were 
higher educated, older and more often unemployed than those in the other groups. Members 
of the non-sensitive (NS) group rated their general health better and were less concerned 
about their health than those in the other two groups. The NGO sensitive group scored 
higher on the optimism scale than the other two groups, and significantly lower on the 
neuroticism scale than the GP sensitive group.  

3.3.2 Self-reported non-specific symptoms  
Most participants (94% of NS group, 100% of GP sensitive group, 98% of NGO sensitive 
group) reported at least one physical symptom in the two weeks prior to filling out the 
questionnaire. The three groups differed significantly from each other in number of reported 
physical symptoms. The NGO sensitive group reported significantly more physical symptoms 
per person (M = 11.1, SD = 4.3) than the GP sensitive group (M = 8.5, SD = 4.7) and the NS 
group (M = 6.0, SD = 4.0), (F(2, 1122) = 92.03, p < .001). The NGO sensitive group also 
reported a higher symptom intensity (M = 40.0, SD = 12.1) than the GP sensitive group (M = 
34.2, SD = 11.9) and the NS group (M = 27.2, SD = 8.2), (F(2,1113) = 113.5, p < .001). The 
average symptom intensity of the NGO sensitive group (M = 2.0, SD = 0.6) was significantly 
higher than that within the GP sensitive group (M = 1.7, SD = 0.6), which in turn was higher 
than that within the NS group (M = 1.4, SD = 0.5), (F(2,1058) = 57.2, p < .001).  
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Table 1 - Demographic and personal characteristics of the general Dutch population non-
sensitive to EMF (NS), the general Dutch population sensitive to EMF (GP S), and the NGO 
S group. 
 General population   
 NS  

(n=937) 
 GP S  
(n=72) 

NGO S 
(n=116) 

Age (18 to 87) (M(SD)) 50 (15.9) 48 (15.5) 57 (12.9)a,b 
Gender (% male) 51.7c 52.8c 37.1 
Education level (%)d,e    
   Low 34.9 37.5 16.1 
   Medium 39.1 40.3 31.3 
   High 26 22.2 52.7 
Employed (% yes) 57.6c 50 38.4 
General health (1-5) (M(SD)) 3.7 (0.9)b,c 3.1 (1.0) 2.8 (1.1) 
Health concern (4-20) (M(SD)) 11.2 (3.1) 12.7 (3.4)a 13.4¹ (3.3) 
Optimism (LOT-R) (6-30) (M(SD)) 20.6 (3.6) 19.8 (3.3) 22.4 (4.0)a,b 

Neuroticism (NEO-FFI) (12-60) 
(M(SD)) 

30.1 (7.8) 32 (8.2)c 28.4 (7.5) 

a p < .05, significantly higher than the NS group (ANOVA/χ2)  
b p < .05, significantly higher than GP S group (ANOVA/χ2)  
c p < .05 significantly higher than the NGO S group (ANOVA/χ2)  
d p < .05, NGO S group significantly higher education level than other groups  
e Low = primary school, lower level of secondary school or lower vocational training; Medium = higher level of 
secondary school, or intermediate vocational training; High = higher vocational training or university 
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χ2: * p < .05, significantly higher than NS group, ** p < .05, significantly higher than total GP 

Figure 1 - 4DSQ somatisation items: Percentages per self-reported symptom among non-
sensitive, general population sensitive and NGO sensitive group. 
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Figure 1 displays the percentages of prevalence of the 4DSQ physical symptoms within each 
group. Overall, all 18 physical symptoms were reported by a higher percentage of the NGO 
sensitive group than of the NS group. Ten of them were reported more often in the NGO 
sensitive group than in the GP sensitive group. Nine were reported more often in the GP 
sensitive group than in the NS group. 

3.3.3 Perceived risk of EMF and attribution of health problems to EMF  
The NGO sensitive group perceived EMF in general as riskier for health (M = 4.1, SD = 0.9) 
than the GP sensitive group (M = 3.6, SD = 0.8) and the NS group (M = 2.4, SD = 0.5), 
(F(2,1117) = 118.53, p < .001). Also, the NGO sensitive group rated all EMF sources as 
significantly riskier than the GP sensitive group (DECT: F(2,1120) = 199.20, p < .001; mobile 
phone: F(2,1120) = 130.79, p < .001; microwave: F(2,1120) = 81.81, p < .001; power lines: 
F(2,1119) = 80.46, p < .001; GSM base station: F (2,1120) = 120.61, p < .001; UMTS base 
station: F(2,1120) = 127.66, p < .001) (Figure 2).  
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ANOVA: 1 p < .05, significantly higher than the NS group, 2 p < .05, significantly higher than the GP S group  
Note: Health risk is measured on a five-point scale: ‘not at all’ – ‘very much’.  

Figure 2 - Perception of health risk of different sources of EMF among non-sensitive, general 
population sensitive and NGO sensitive group. 

 
In particular, members of the NGO sensitive group differed from the other groups regarding 
their ideas about the possible causes of their symptoms. They thought it more likely that their 
symptoms were the result of environmental causes, such as EMF, air pollution and viruses 
than of the other possible causes, such as unhealthy lifestyle, psychological determinants 
and heredity (Table 2).  
A total of 56% of the participants in the NGO sensitive group believed that EMF could to 
some extent be the cause of their most serious symptom, while 6% of the participants in the 
GP sensitive group and less than 1% of the participants in the NS group made this 
attribution. The symptoms most frequently attributed to EMF were fatigue (n = 11, 5.2% of 
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212), dizziness (n = 9, 16.7% of 54), sore muscles (n = 7, 5.8% of 120), palpitations (n = 5, 
16.7% of 30) and headaches (n = 4, 2.5% of 164).  
 
Table 2 - Mean score and standard deviation of attribution of most serious symptom to 
different causes per group 
 General population   
Causesª NS  

(n=877) 
GP S  
(n=72) 

NGO sensitive  
(n=97) 

Lifestyle 1.9 (1.1) 1.8 (1.0) 1.8 (1.4) 
Psychological 2.4 (1.3) 2.7 (1.3) 2.5 (1.5) 
Hereditary 2.0 (1.1) 2.4 (1.3)b 2.2 (1.4) 
Virus 1.7 (1.0) 1.7 (1.0) 2.2 (1.6)b,c 

EMF 1.5 (0.7) 2.0 (1.0)b 3.8 (1.3)b,c 
Air pollution 1.5 (0.8) 1.9 (1.1)b 2.7 (1.7)b,c 

ª Five-point scale: ‘certainly not’ – ‘most certainly’  
b p < .05, significantly higher than NS group (ANOVA)  
c p < .05, significantly higher than GP S group (ANOVA)  

3.3.4 Relationship between non-specific symptoms, perceived health risk, attribution to EMF 
and individual characteristics  
Table 3 shows that, overall, symptom intensity was associated with being female, being more 
concerned about health, higher scores for neuroticism and lower scores for optimism. Within 
the general population, perceived risk of EMF was associated with age, gender, educational 
level, health concerns, neuroticism, optimism, and attribution of symptoms to psychological 
factors, hereditary factors, EMF and air pollution. Within the NGO sensitive group, risk 
perception was negatively associated with attribution of symptoms to psychological factors 
and positively to attribution to EMF.  

In both groups, attribution of symptoms to EMF was positively correlated with 
symptom intensity and to perceived risk of EMF. While attribution to other causes besides 
EMF – in particular to unhealthy lifestyle, psychological attributions, hereditary and air 
pollution – was positively correlated with symptom intensity in the general population, these 
attributions were not associated to symptom intensity within the NGO sensitive group. 
Perceived risk of EMF and symptom intensity were not (strongly) correlated with each other 
in either of the groups.  

A linear hierarchical regression analysis was employed within the NGO sensitive 
group and within the general population to explore how well perceived risk of EMF and 
attribution of symptoms to EMF explained the variance of the self-reported symptom intensity 
in addition to the other factors (see Table 4). There were no multicollinearity problems since 
variance inflation factors for all variables were below 2.0. In subsequent steps, demographic 
variables (age, gender and education), group (M = 34.2, SD = 11.9) and the NS group (M = 
27.2, SD = 8.2), (F(2,1113) = 113.5, p < .001) were entered into the regression equation. The 
average symptom intensity of the NGO sensitive group (M = 2.0, SD = 0.6) was significantly 
higher than that within the GP sensitive group (M = 1.7, SD = 0.6), which in turn was higher 
than that within the NS group (M = 1.4, SD = 0.5), (F(2,1058) = 57.2, p < .001). 
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Table 3  Pearson’s correlations of symptom intensity and perceived risk of EMF with 
attribution to possible causes and individual differences within general population (GP) and 
the NGO sensitive group 
 Symptom intensity Risk perception 

EMF 
Demographic 
characteristics 

GP 
(n=949) 

NGO S 
(n=105) 

GP 
(n=949) 

NGO S 
(n=105) 

Age -.04 -.04  .09**  .13 
Sex (f=0,m=1) -.24** -.20* -.15** -.02 
Education level -.19** -.04 -.12**  .08 
Personal 
characteristics 

    

Health concern  .36**  .24*  .20**  .13 
Neuroticism  .37**  .25*  .13** -.08 
Optimism -.27** -.19* -.11**  .03 
Attributions     
Unhealthy lifestyle  .14** -.17 -.00 -.07 
Psychological  .24** -.07  .09** -.23* 
Hereditary  .20** -.03  .11** -.21* 
Virus  .11** -.10  .02 -.14 
EMF  .21**  .34**  .24**  .31** 
Air pollution  .21**  .13  .20** -.14 
Risk perception EMF  .15**  .10   
**p<0.01, *p<0.05 

3.4 Discussion  
Our study showed that people who report being sensitive to EMF when specifically asked in 
a questionnaire differ from people who had taken steps to report being sensitive to EMF to 
an NGO. In line with other studies(69-71), participants with IEI-EMF from an NGO were higher 
educated, older and consisted of more women compared to the general population, both the 
sensitive and the non-sensitive group. They were more concerned about their own health, 
but were not more neurotic or less optimistic. They reported more – and more frequent – 
non-specific symptoms, perceived a higher risk of EMF, and thought it more likely that their 
symptoms had environmental causes, such as EMF, than the other two groups. The GP 
sensitive group reported more non-specific symptoms than the NS group. Notably, for people 
with IEI-EMF from an NGO, the belief that their most serious symptom was caused by EMF 
was positively associated with the intensity of experiencing symptoms, even after adjusting 
for other individual differences. This relationship was stronger than for the general 
population. 

This study has some limitations that need to be addressed. First, the study presents 
cross-sectional data and therefore does not show the time-related, dynamic relationship 
between attribution of symptoms to EMF and symptom intensity. Whether reporting more 
symptoms leads to a stronger attribution or vice versa cannot be established. Second, 
different symptoms can be attributed to different causes. For practical reasons, we asked the  
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Table 4 -  Stepwise hierarchical regression analyses for demographic characteristics, personal characteristics, perceived risk and attribution to 
EMF on symptom intensity within the general population and the NGO sensitive group 
 Symptom intensity 
 General population (n=949) NGO S (n=105) 
 1st 

step 
 2nd  

step 
 3rd 

step 
 4th 

step 
 1st 

step 
 2nd  

step 
 3rd 

step 
 4th 

step 
 

Demographic 
characteristics 

β R2 β R2 β R2 β R2 β R2 β R2 β R2 β R2 

Sex -0.19*  
0.06* 

-
0.14* 

 
 
 
0.21* 

-
0.14* 

 
 
 
 
0.21 

-
0.14* 

 
 
 
 
 
 
0.22* 

-
0.22* 

 
.05 

-
0.24* 

 
 
 
0.17* 

-
0.24* 

 
 
 
 
0.18 

-
0.20* 

 
 
 
 
 
 
0.26* 

Age -0.10* -0.03 -0.03 -0.03 -0.06 -0.02 -0.02  0.03 
Education level -0.04  0.01  0.00  0.00 -0.03 -0.02 -0.02 -0.09 
Personal characteristics      
Health concern   0.24*  

0.23* 
0.23*    

0.25* 
 
0.22* 

 0.15 

Neuroticism    
0.19* 

 
0.19* 

 
0.18* 

   0.09  0.12  0.13 

Optimism   -0.07 -0.07 -0.06   -0.13 -0.12 -0.12 
Perceived risk EMF       0.04  0.01      0.12  0.04 
Attribution to EMF        

0.12* 
       

0.33* 
* p<0.01 

 



respondents for the perceived cause of only the most serious experienced symptom. 
Therefore, attribution of the other symptoms to EMF is not known. 
This study not only compared the general population to individuals specifically recruited for 
having symptoms attributed to EMF, but also individuals who were classified as sensitive to 
EMF by a questionnaire. Our result showed that 7% of the general Dutch population believe 
they are sensitive to EMF, which is much higher than the 1.5% found in Sweden(9),12 but 
lower than the 10.3% in Germany(7). While some studies classify individuals who believe 
they are sensitive to EMF the same as individuals who have taken steps to report being 
sensitive to EMF to an NGO(9,10), we found that the latter of these two groups experienced 
more – and more frequent – symptoms. Although it cannot be excluded that the symptoms 
are real physical effects of exposure to EMF, psychological effects are very likely. We 
suggest that individuals with IEI-EMF who were experiencing symptoms searched for a 
cause or label to explain these symptoms, and once a label had been given, the symptoms 
intensified to make sense of this label. In the common-sense model of illness rep-
resentation(72), this is called the symmetry rule. Individuals who believe they are sensitive to 
EMF, but have not taken action to report themselves as such, might not be in the stage of 
confirmation yet, and therefore experience less intense symptoms. The differences between 
these two specific groups should therefore be taken into account when addressing sensitivity 
to EMF. Further research is needed to investigate the causality between symptoms and 
labelling and whether there are more (psychological) differences between people who 
believe they are sensitive but have not reported themselves as such at any organisation and 
people who have reported physical complaints caused by EMF. Is it the high intensity of their 
symptoms that makes people report their concerns to an NGO or interest group? 
Furthermore, more research is needed about how having labelled themselves as being 
sensitive changes people’s perception of their symptoms, for example because they are 
more aware of information about EMF, or more focused on their symptoms, and so on.  

The frequency of non-specific symptoms reported by the NGO sensitive group in this 
study is in line with other studies on IEI-EMF(61,62) and chemical sensitivity(73). All symptoms 
were reported in all three groups, but the NGO sensitive group reported more – and more 
frequent – symptoms per person. Previous studies(74,75) showed that gender – women tend to 
report more symptoms than men(76) – neuroticism and optimism are predictors of symptom 
reporting. Our study confirms the relationship between gender, neuroticism and optimism 
with symptom intensity, but also shows that other factors – health concerns of the general 
population and attribution to EMF for the NGO sensitive group – may be more important in 
explaining self-reported symptom intensity.  

The NGO sensitive group with IEI-EMF attributed their symptoms significantly more 
often to environmental causes, for example a virus, air pollution or EMF. Since attribution to 
the other causes did not differ between groups, this could indicate that perceived sensitivity 
to EMF is related to sensitivity to environmental causes in general, in particular man-made 
sources. This was also shown by Levallois(77), who found that up to 60% of Californians who 
reported being allergic to, or very sensitive to being near, electrical appliances, computers or 
power lines also report being allergic or unusually sensitive to everyday chemicals.  

This study also showed that the extent to which individuals believe that EMF can 
cause their symptoms is associated with the intensity of reported symptoms. From the 
perspective of the Illness Perception and Interpretation Model(78), it would mean that the 
attribution of symptoms to EMF (illness interpretation) influences perceived health risk of 
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EMF, which may in turn influence symptom intensity. Our data do not support this implicated 
relationship between symptom intensity, perceived risk and attribution. This might indicate 
that perceived risk is not an additional explanatory factor for symptom intensity. Another 
possibility is that the (health) risk perceived for oneself could be a better predictor for 
symptom intensity than perceived risk to people in general. Sjöberg(79) emphasises that peo-
ple rate risks perceived for the general population differently from risks perceived for 
themselves. If someone believes that they are exposed to something that might actually hurt 
them personally – instead of just people in general – they will be more focused on 
experiencing possible symptoms.  

When explaining the relationship between symptom intensity and attribution, the 
stress model may also be useful(80). People exposed to a potential stressor (base station, 
power lines, etc.) think this might have a negative effect on their health, cannot control for not 
being exposed, and thus may develop symptoms. Controllability of the exposure would thus 
mediate between perceived risk and symptom intensity. In both models, symptoms follow a 
psychological mechanism (stress or attribution). Moreover, it is plausible that the relationship 
between non-specific symptoms and attribution of these symptoms to EMF is bidirectional – 
as suggested by the symmetry rule of the common-sense model of illness representation(72) – 
that is a person experiences non-specific symptoms possibly caused by EMF, attributes 
these to EMF, after which the symptoms intensify to make sense of this label. Our study 
shows that attribution of symptoms to EMF contributes to people’s experience of illness. 
Further experimental research in a longitudinal design is needed to study the mechanism 
behind symptoms and attribution of these symptoms to EMF.  

3.5 Conclusions  
In conclusion, people recruited as having IEI-EMF differ from people recruited via an internet 
panel and asked whether they believe to be sensitive to EMF. The latter differ from people 
who do not believe they are sensitive, especially with regard to non-specific health problems. 
Attribution of symptoms to EMF is one of the predictors of how intensely people experience 
physical symptoms. Changing the perceived association between EMF and health problems 
in individuals with IEI-EMF might contribute to a better health experience(81).



 42



43 
 

Chapter 4  

People’s responses to risks of electromagnetic fields and trust 
in government policy: the role of perceived risk, benefits and 
control 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
van Dongen D, Claassen L, Smid T, Timmermans D (2013): People’s responses to risks of 
electromagnetic fields and trust in government policy: the role of perceived risk, benefits and 
control, Journal of Risk Research, DOI:10.1080/13669877.2012.761270 
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Abstract 
Trust in government policy affects the way people perceive and handle risks. In our study, we 
investigated the relationships between trust in government policy regarding electromagnetic 
fields (EMF), perceived risk and perceived benefits of public and personal EMF sources, 
perceived control over exposure to EMF and responses to the possible EMF health risk (e.g. 
protest against placement of mobile phone base stations or power lines, or taking own 
measures against EMF exposure). Previous research indicated that perceived risk and 
benefits mediate the relationship between trust and people’s risk responses. Additionally, we 
suggest that perceived control over EMF exposure affects the relation between trust in 
government policy and perceived risk, and, consequently, the risk responses. We performed 
a survey among the Dutch population (n = 1009), which contained questions about risk 
responses to EMF, perceived risk and benefits of several EMF sources, trust in government 
policy and perceived control over EMF exposure. Comparing public EMF sources, i.e. power 
lines and mobile phone base stations, to personal EMF sources, i.e. microwave ovens and 
cordless and mobile phones, we tested our hypotheses. Variations in risk responses to both 
public and personal EMF sources were mainly explained by risk perception. In addition, 
perceived risk partially mediated the relationship between trust in government policy and risk 
responses. For public sources, perceived control over exposure weakened the negative 
relationship between trust and perceived risk. We conclude that, especially in people with low 
perceived control, a lack of trust in government policy may enhance perceptions of health 
risks, thereby increasing their inclination for risk responses.
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4.1 Introduction 
In the last decade, increased electricity demands, mobile phone use and the growing number 
of mobile phone base stations have kept pace with the growth in concerns about health 
effects of electromagnetic fields (EMF) among citizens(2,52). Some scientific uncertainty about 
potential adverse health effects of exposure to EMF exist. While most studies did not find any 
health effects, a few studies suggested short-term health effects, such as headaches and 
dizziness, or long-term health effects, such as the development of brain tumours and 
childhood leukaemia(4,5,30). Conflicting and ambiguous scientific evidence emphasized in 
media reports makes it more complicated for citizens to form a clear view and opinion about 
EMF risks. 

People respond differently to potential environmental risks, including health risks. For 
example, by protesting against the placement of a possible risk source, taking own measures 
to be less exposed or better protected to these risks, or doing nothing. Different sources ask 
for different actions. While people can decide to use a mobile phone less or not at all, they 
can only protest against placement of a base station or nuclear plant. Since these actions 
can be seen as actions to lower exposure to risk, we will use the term risk responses to 
address these different forms of action. Risk responses are associated with perceived risk 
and benefits. Studies show that people who use their mobile phone frequently perceive lower 
risks and higher benefits than people who use their mobile phone infrequently(20). Moreover, 
perceptions of risks and benefits influence acceptance of nuclear power stations(49) and 
mobile phone base stations(48). Lay ratings of risks and benefits vary depending on the 
source of EMF. Personal EMF sources, such as mobile phones, microwave ovens and 
electric toothbrushes, are generally thought to be less harmful for health and more beneficial 
than public EMF sources, such as high-voltage power lines and mobile phone base 
stations(20,41,82). Personal sources of risk are generally perceived as more voluntary and 
controllable, which can also be of influence on the perceived risk(1). Personal EMF sources 
might therefore invoke fewer risk responses than public EMF sources, although exposure to 
EMF from personal sources is in fact higher. 

An important factor in the way people perceive and handle risks is the amount of trust 
they have in authorities to regulate risk(16,18-21,83). Trust in this context can be defined as ‘the 
willingness to rely on those who have the responsibility for making decisions and taking 
actions related to the management of technology or other realms of public health and 
safety’(22). When people have little trust in authorities to regulate a potential risk, they 
perceive the risk as much higher than people who have more trust in authorities(20,22). A study 
by Siegrist, Earle and Gutscher(18) showed that people who had low levels of trust in 
authorities responsible for regulating base stations asked for more regulations than people 
with high levels of trust. 

According to models explaining acceptance of food technology, trust reduces 
perceptions of risk, which in turn leads to greater acceptance of the technology(84,85). As food 
technology and EMF show similarities as new technologies and uncertainties, this model 
might be translated to EMF technology. As conflicting information on EMF might make it 
difficult for the public to form an opinion, people might feel dependent on the government to 
make the right decisions concerning exposure limits of EMF. Trust in government policy on 
risk regulation of these EMFs could therefore be of influence on the perceived risk of these 
fields. The perception of the risk could in turn influence the acceptance of, or the protesting 
against, these technologies. 
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The effect of perceived control on perceived risk has been established in several 
studies. As previously stated, when sources are perceived as more voluntary and 
controllable they are likely be perceived as less hazardous(1,22,43). People choose dangerous 
controllable risks over less dangerous but uncontrollable risks(44). When people think they 
have little choice in being exposed to a potential hazard, they feel less control over exposure, 
consequently, perceive the risk of this hazard as higher(45) and prefer more hazard 
regulation(46) than when they think they have more control. Furthermore, it is suggested that 
when lacking control over risk, trust in government with respect to hazard regulation effects 
the perception of risk(1). With public risks such as the risk of EMF of base stations and power 
lines, people have less control over exposure and therefore might feel more dependent on 
the government to regulate these risks than with personal risks such as mobile phones and 
microwave ovens. Thus, the sense of having control over exposure might influence the 
relationship between trust in risk regulation authorities and perceived risk. When people think 
they have little control over exposure, they are more dependent on exposure regulation by 
authorities and therefore it might be more important whether they trust the government or 
not. 

In the present study, we investigated whether the model of trust and the acceptance 
of technology(84) can be applied to EMF technology. We therefore examined whether the 
relationship between trust in government policy regarding EMF and risk responses to 
different sources of EMF is mediated by perceived risk of these sources. Additionally, we 
examined whether the association between trust and perceived risk is moderated by 
perceived control (see Figure 1). 
 

Figure 1. Proposed model of the relationships between trust in government policy, perceived 
control, perceived risk, perceived benefits and risk responses. 
 
We compared public sources of EMF, i.e. power lines and mobile phone base stations, to 
personal sources of EMF, i.e. microwave ovens, cordless phones (DECT) and mobile 
phones. Based on earlier findings, we expect that risk responses are positively associated 
with risk perception, negatively with benefits and negatively with trust in government policy. 
We further hypothesize that (1) the negative relationship between trust in government policy 
and risk responses is mediated by risk perception; and perceived benefits; (2) perceived 
control over exposure to EMF is negatively associated with perceived risk, and weakens the 
relationship between trust and perceived risk; and (3) for public sources of EMF, perceived 
control over exposure will have a bigger impact on the relationship between trust and 
perceived risk than for personal sources of EMF. 
 
4.2 Method 
4.2.1 Participants 

Perceived control 

Trust 

Perceived risk 

Perceived benefits 

Risk response 



47 
 

A representative sample of the Dutch population was invited to participate in the study. They 
were approached through an invitation in an online consumer panel (20,000 members, ISO 
20252 and ISO 26362 certified) consisting of a representative sample of the Dutch 
population. The sample was stratified on demographic features (age, sex, educational level 
and area of residence) to ensure that the sample was indeed an accurate representation of 
the population. Panel members who had participated in a previous study on EMF earlier that 
year were not invited. For taking part in the study, the participants received credits that could 
be exchanged for gifts. Within a week, 1009 participants had filled out the questionnaire.  
 
4.2.2 Outcome measures 
The items used in this study are from a larger questionnaire on EMF and health concerns. 
The introduction section of the questionnaire explained to participants that the questions 
involved EMF, but no description of EMF was provided. The variables measured risk 
responses to EMF, perceived risk of different EMF sources, perceived benefits of different 
EMF sources, trust in government policy regarding EMF and perceived control of different 
EMF sources. 
 
Risk responses 
We operationalised risk responses as ‘protest potential’ and ‘behaviour’.  
Protest potential. We asked participants whether they would protest against public EMF 
sources being placed through three separate items: ‘Would you protest against the 
placement of a GSM base station in your neighbourhood?’, ‘Would you protest against the 
placement of a UMTS base station in your neighbourhood?’ and ‘Would you protest against 
the placement of high voltage power lines in your neighbourhood?’ (rated on a five-point 
scale from not at all to very much). The average of these items was combined to the scale 
which was used as risk responses to public sources ((α) = 0.83; UMTS base station was 
excluded as it highly correlated with GSM base station). 
Behaviour. We also asked whether the participants themselves had taken measures to 
reduce exposure to EMF: ‘Have you taken measures to be less exposed to EMF?’ (rated on 
a four-point scale from ‘none’ to ‘many’). A large majority (93%) of participants had not taken 
any measures to be less exposed, therefore responses were dichotomised: ‘No measures 
taken’ (n = 942) and ‘measures taken’ (n = 67) and used in further analyses. When asked 
which measures were taken, most participants (88%) had taken measures to be less 
exposed to personal sources (e.g. using the mobile phone less, not placing a cordless phone 
or mobile phone near the bed), therefore this item was used as risk response to personal 
sources. Risk responses of public and personal sources were correlated (r = 0.17, p < 
0.001). 
 
Perceived risk 
To measure perceived risk, participants were asked: ‘To what extent do you think this 
technology is a health risk?’ (rated on a 5-point scale from ‘not at all’ to ‘very much’). This 
was asked for the different EMF sources, i.e. public sources: GSM base station and power 
lines ((α) = 0.89; UMTS base station was excluded while it highly correlated with GSM base 
station) and personal sources: cordless telephone (DECT), mobile phone and microwave 
oven ((α) = 0.89). Perceived risks of public and personal sources were significantly 
correlated (r = 0.701, p < 0.001). 
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Perceived benefit 
To measure perceived benefit, participants were asked: ‘How useful is this technology for 
you?’ (rated on a five-point scale from ‘not at all’ to ‘very much’). This was asked for the 
different EMF sources, i.e. public sources: GSM base station and power lines ((α) = 0.75; 
UMTS base station was excluded as it highly correlated with GSM base station) and 
personal sources: cordless telephone (DECT), mobile phone and microwave oven ((α) = 
0.44). Perceived benefit of public and personal sources was significantly correlated (r = 0.38, 
p < 0.001). 
 
Trust 
Trust in government policy regarding EMF was measured using the following three items 
(based on Siegrist, Earle, and Gutscher(18) 1): ‘The government communicates honestly 
about possible health effects of EMF’, ‘Should it turn out that EMF is a health threat for 
humans, the government would openly and honestly inform the public’ and ‘I trust the 
government to take public health into account when allowing applications with EMF’. All 
items were scored on a five-point scale from ‘totally disagree’ to ‘totally agree’. Exploratory 
factor analysis showed that all items loaded on one factor ((α) = 0.69). 
 
Perceived control 
To measure perceived control over exposure to EMF, participants were asked: ‘To what 
extent do you think you have a choice in being exposed to this technology?’ (rated on a five-
point scale from ‘not at all’ to ‘very much’). This was asked for the different EMF sources, i.e. 
public sources: GSM base station and power lines ((α) = 0.91; UMTS base station was 
excluded while it highly correlated with GSM base station) and personal sources: cordless 
telephone (DECT), mobile phone and microwave oven ((α) = 0.78). Perceived control of 
public and personal sources was not correlated (r = 0.004, p = 0.901). 
 
4.2.3 Data analyses 
To test our model, we followed a three-step approach. First, we explored correlations 
between the variables. Second, we tested to what extent trust, perceived risk and perceived 
benefits explained variance within risk responses, and whether the association between trust 
and risk responses was mediated by perceived risk. And third, we tested whether perceived 
control had a moderating effect on the relationship between trust and perceived risk. 
 
Note 
1. In line with Siegrist, Earle and Gutscher(18), we also measured confidence as an aspect of 
trust. Participants were asked: ‘To what extent do you believe the government regulations 
concerning mobile phone base stations and power lines are sufficient?’ and ‘To what extent 
do you believe the government regulations concerning technologies with EMF are sufficient?’ 
(five-point scale: ‘not at all’ – ‘very much’ and the option ‘N.A. I do not know the regulations’). 
However, 96% of the participants indicated that they did not know about government policy, 
therefore we decided not to include this variable in our analyses. 
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Means and standard deviations were calculated for each of the variables and correlations 
between the variables. T-tests were performed to compare the public and personal EMF 
sources. Separate hierarchical regression analyses were employed for public sources and 
personal sources of EMF to explore the extent to which perceived risk, perceived benefits 
and trust explained the variance of the risk responses (See Figures 2 and 3). In subsequent 
steps, perceived risk, perceived benefits and trust were entered into the regression equation. 
Following Baron and Kenny’s(86) procedure to test for mediation, additional series of stepwise 
regression analyses were performed to examine whether perceived risk and perceived 
benefit mediated the effect of trust on risk responses. 

To explore whether perceived control moderated the relation between trust and 
perceived risk, a regression was performed on perceived risk in which trust, perceived 
control and the interaction of trust and perceived control were entered in subsequent steps. 
The moderator hypothesis is supported if the interaction of trust and perceived control has a 
significant effect on perceived control(86). 

Separate analyses for each of the EMF sources (power lines, GSM base station, and 
UMTS base station, cordless telephone, mobile phone and microwave oven) showed results 
similar to the analyses for the grouped sources (public and personal EMF sources). The 
findings are therefore presented in two parts for public sources combined and for personal 
sources combined. 
 
4.3 Results 
4.3.1 Descriptives 
Participants responded around scale midpoint (midpoint: maybe/maybe not) regarding their 
inclination to protest against the placement of EMF sources (M= 3.1, SD = 1.1). Only a small 
minority (7%) had taken measures to protect themselves against EMF. Perceived risk of 
EMF was higher for the public sources (M= 3.0, SD = 1.2) than for the personal sources (M= 
2.4, SD = 1.0) (t = 22.8, p < 0.01). Participants’ evaluation of the benefits of public sources 
(M= 3.5, SD = 1.2) was lower than that of the personal EMF sources (M= 3.7, SD = 0.8) (t =-
7.3, p < 0.01). Additionally, they perceived considerably less control over the exposure to 
public sources (M= 1.8, SD = 1.1) than over personal sources (M= 3.9, SD = 0.9) (t =-47.6, p 
< 0.01). Participants scored around scale midpoint (neither trusting nor distrusting) on trust in 
the government policy regarding EMF (M= 3.1, SD = 0.8). Forty-five percent of the 
participants indicate that they trust in government policy.  
 
Table 1. Correlation matrix of risk responses, perceived benefits, perceived risk, trust in the 
government regarding EMF and perceived control for public and personal EMF sources 

 Public sources of EMF Personal sources of EMF 
 Risk 

response 
Perceived 
risk  

Perceived 
benefit 

Trust Risk 
response 

Perceived 
risk  

Perceived 
benefit 

Trust 

Perceived risk  0.56*     0.25*    
Perceived  
benefit 

-0.16* -0.09*   -0.08* -0.14*   

Trust -0.26* -0.34*  0.03  -0.16* -0.29* -0.06  
Control -0.05 -0.08* -0.05 0.09*  0.06 -0.08*  0.14* 0.01 

Note: *p < .05 
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4.3.2 Risk responses, perceived risk, perceived benefits and trust 
Public sources 
Regression analyses showed that perceived risk ( β = 0.53, p < 0.001) and benefits of public 
EMF sources ( β =-0.11, p < 0.001) and trust ( β =-0.08, p < 0.006) explained 33% of the 
total variance within the risk responses (F(1005,3) = 168, p < 0.001). 

The results of the mediation analysis are shown in Figure 2. In the first step of the 
mediation analyses, the effect of trust (τ =-0.26, p < 0.001) on risk responses was significant. 
We also observed the required significant associations between trust and perceived risk (α =-
0.34, p < 0.001) and  between perceived risk and risk responses ( β = 0.54, p < 0.001). In the 
second regression step, after including perceived risk in the analyses, the effect of trust on 
risk responses (τ =-0.08, p = 0.006) dropped considerably. A Sobel test confirmed that the 
indirect effect was significant (αβ =-0.18, SE = 0.018; z =-9.93, p < 0.001), indicating partial 
mediation of perceived risk. Perceived risk explained 69% of the effect of trust on risk 
responses. Since perceived benefit and trust in government policy were not correlated, no 
mediation analysis was done. 

 

 
Note: *p<.001; **p<.01; ***p<.05 

Figure 2. Mediation effect of perceived risk of public sources on the relationship between 
trust in government policy and risk responses. 
 
Personal sources 
Logistic regression analysis was used for the personal EMF sources to test the effects of 
trust, perceived risk and perceived benefits on risk responses (see Table 2), which explained 
14% of the total variance within the risk responses ( χ²(1005,3) = 70.7, p < 0.001). 

The results of the mediation analysis are shown in Figure 3. In the first step of the 
mediation analyses, the effect of trust on risk responses was significant (c′ =-0.75, SE = 
0.155; odds ratio (OR) = 0.47, confidence interval (CI) = 0.35– 0.64). We also observed the 
required significant association between trust and perceived risk (a =-0.36, p < 0.001) and 
perceived risk and risk responses (b = 0.97, SE = 0.152; OR= 2.96, CI = 2.24–3.96). In the 
second regression step, the effect of trust on risk response dropped considerably after 
including perceived risk in the analysis (c′ =-0.34, SE = 0.169; OR= 0.71, CI = 0.51–0.99). A 
Sobel test confirmed that the indirect effect was significant (ab =-0.35, SE = 0.066; z = 5.3, p 
< 0.001), indicating partial mediation of perceived risk. Perceived risk explained 47% of the 
effect of trust on risk responses. Since perceived benefit and trust in government policy did 
not correlate, no mediation analysis was done. 
 

τ’=-0.08** 

β=0.54* α =-0.34* 

Trust 

Perceived risk 

Risk responses 

τ =-0.26* 
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Table 2. Logistic regression analysis with perceived risk, perceived benefits, and trust in the 
government policy regarding EMF on risk responses for personala  EMF sources. 
 No measuresb 

(M(SD) 
(n=942) 

Measuresb 

(M(SD) 
(n=67) 

Exp(B) 
(95%CI) 

Perceived benefits 3.7 (0.8) 3.5 (1.0) 0.90 (0.66 to 1.22) 
Perceived risk 2.3 (0.9) 3.3 (1.0) 2.59 (1.91 to 3.51) 
Trust  3.1 (0.8) 2.6 (0.9) 0.72 (0.52 to 1.00) 
Note: a Personal sources: cordless telephone, mobile phone, and microwave oven 
b Personal risk responses: own measures taken to decrease exposure to EMF 

 
4.3.3 Trust, perceived risk and perceived control 
Public sources 
Regression analyses showed that 13% of the total variance within perceived risk of public 
EMF sources was explained by trust in the government policy regarding EMF, perceived 
control over exposure to EMF and the interaction of trust and perceived control. 
 

 
Note:*p<.001; **p<.01; ***p<.05 

Figure 3. Mediation effect of perceived risk of personal sources on the relationship between 
trust in government policy and risk responses. 
 
Trust in government policy regarding EMF had a main effect on perceived risk of EMF  
(β =-0.46, p < 0.001). We also observed a significant effect of perceived control on perceived 
risk (β =-0.39, p = 0.003). The moderator hypothesis was supported as the interaction effect 
of trust with perceived control on perceived risk was significant (β = 0.38, p = 0.008). 
Perceived control weakens the relation between trust in government and risk perception. To 
illustrate this effect, perceived control was dichotomised (median split = 1.0) into two groups: 
low perceived control and high perceived control. Trust in government is divided (median 
split = 3.0) into two groups: low trust and high trust (see Figure 4). 
 
Personal sources 
Regression analyses showed that 9% of the total variance within perceived risk of personal 
EMF sources was explained by trust and perceived control over exposure to EMF. Trust in 
government policy regarding EMF had a significant effect on perceived risk of EMF (β =-0.29, 
p < 0.001). The effect of perceived control on perceived risk is also significant (β =-0.08, p = 
0.011). The moderator hypothesis was not supported since the interaction of trust and 
perceived control had no significant effect on perceived risk. Trust had a main effect on 
perceived risk, as did perceived control, although the latter effect was much smaller. To 
illustrate this effect, perceived control has been divided (median split = 4.0) into two groups: 

c’=-0.34*** 

b=0.97** a=-0.36** 

Trust 

Perceived risk 

Risk responses 

c=-0.75** 
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low perceived control and high perceived control. Trust in government is divided (median 
split = 3.0) into two groups: low trust and high trust (See Figure 4). 
 
Figure 4. The effect of perceived control and trust on perceived risk of public and personal 
EMF sources. 

 
4.4 Discussion  
Trust in government policy was mostly indirectly associated with risk responses via perceived 
risk, but not via perceived benefits. Furthermore, perceived control over exposure to EMF 
was negatively associated with perceived risk. For public sources of EMF, but not for 
personal sources, perceived control weakened the negative relationship between trust and 
perceived risk. 

This study has some limitations that need to be addressed. First, the study presents 
cross-sectional data and cannot show the dynamic relationships between the variables. 
Therefore, our data did not provide evidence for causal relationships. Further 
experimental and prospective research is needed to verify the presumed dynamic and causal 
relationships. Second, the variable of risk responses for personal sources and public sources 
of EMF differed in format. The risk responses of the public sources were measured by a 
potential reaction to the placement of these sources in the neighbourhood, while the risk 
responses of personal sources were measured by the actual action taken by the participants 
to protect themselves from EMF. Risk responses to public and personal sources are 
therefore difficult to compare.  

In contrast to other studies(22,84,87), we did not find a relationship between perceived 
benefits and trust, or, as a result, a mediation effect of perceived benefits on the relationship 
between trust and risk responses. Siegrist and Cvetkovich(22) argued that most people lack 
information about technologies and therefore need the opinion of the authorities to assess 
the risk and benefits. Perhaps, for sources of EMF, such as mobile phones, people are not 
sure about the risks, but have ample personal experiences to assess the advantages. 
Therefore, they are dependent on the government to form an opinion about the risks, but not 
for the perceived benefits. In line with previous studies(16,18-22,48, 49, 83, 85, 88), we showed that 
trust in government policy, perceived risk and perceived benefits regarding EMF sources are 
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associated with risk responses towards EMF. Furthermore, in line with a causal model of 
trust(85,89), our data suggest that perceived risk mediates the relationship between trust in 
government policy and risk responses, also for EMF risks. Information about EMF is often 
difficult to process for lay people. Sometimes, the information is ambiguous. Therefore, 
people might find it problematical to estimate the possible health risk. People might thus look 
at how the government handles these possible threats, and determine how to estimate the 
risk based on that information. We found that trust in government policy was strongly related 
to risk responses. This is probably a dynamic process, in which risk responses and perceived 
risk might also influence the level of trust in government policy. People might feel that the 
government is not reacting appropriately to their concerns and protests, and will therefore 
have less trust in government policy(21,89). 

We showed that the relationship between perceived risk and trust is moderated by the 
level of control people believe they have over exposure. When people feel they can control 
their own exposure to EMF, they will be less concerned about possible health effects of EMF 
than when they feel they are not in control over the exposure. Although perceived control is 
mentioned as a factor of perceived risk(22,46,79, 89, 90), little is known about its role in relation to 
trust and perceived risk. In organisational studies about trust between companies, trust is 
seen as a probable substitute for perceived control, if control is unavailable or limited(91). In 
our study, we found that trust was not a substitute for perceived control. People who 
experienced a lack of control over exposure and had little trust had a higher perception of 
risk. In addition, for personal sources of EMF, perceived control and trust predicted perceived 
risk. However, for public sources of EMF, trust and perceived control interacted with each 
other, as perceived control attenuated the relationship between trust and perceived risk. 
When trust was high, perceived control seemed of little relevance to the perception of the 
risk. White et al.(46) suggested that when the risk is perceived as uncontrollable people do not 
feel they can implement behaviours that will reduce their risk. As a result people demand that 
policy makers regulate exposure levels. It is plausible that for personal sources of EMF such 
as mobile phones – for which perceived control is very high – people might feel less 
dependent on authorities for protection against possible harmful exposure. On the other 
hand, with public sources such as base stations – for which perceived control is very low – 
people may rely more on the government for protection, perhaps because people trust the 
government to control their exposure to EMF sufficiently. 

The amount of trust in government policies varies depending on the risk situation. 
Factors that influence trust in government policy include previous failures, cover-ups, 
adequate emergency response plan and the authorities’ economic interest(1). Citizens need 
to think that the authorities have the same interests as themselves before they can trust 
them(92). In the Netherlands, the government has auctioned off the EMF frequencies to 
mobile phone companies. Previous focus group interviews (data not published) showed that 
the awareness of the government’s economic interest in the mobile phone industry seemed 
to raise concerns and lower trust in government policy concerning EMF. Furthermore, 
studies have shown that providing people with information about risk regulation may amplify 
the risk perception of EMF, as it could be considered as a cue that the risk might be real(42). 
Since trust in government policy seems to have a large influence on perceived risk, the 
fluctuating level of trust might increase the perceived risk of citizens. Making people feel 
more in control over exposure to EMF might weaken the effect of trust on risk perception, 
thereby reversing the negative effect of trust. 



 54

In conclusion, low trust in government policy paired with a lack of perceived control 
over exposure might lead to a higher perception of health risk of EMF, which in turn might 
lead to protest and self-protection on the part of citizens. As the Dutch government has an 
economic interest in the placement of mobile phone base stations and has adopted a less 
strict policy than neighbouring countries, people’s suspicions towards their policy regarding 
EMF may be heightened, leading to higher perceptions of risk of EMF. Especially in people 
with low perceived control, a lack of trust in government policy may enhance perceptions of 
health risks of EMF, thereby raising risk responses. Providing transparent information to the 
public to clarify the reasons behind government policy might remove some of the suspicions. 
In addition, information explaining exposure to EMF to people might strengthen perceptions 
of control. 
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Chapter 5  
How feelings towards mobile phone base stations affect 
perceived risk and benefits, and protest intention  
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Abstract 
How people form an opinion about new technologies and whether they protest against or 
accept this technology is affected by perceived risks and perceived benefits, which are in 
part shaped by feelings regarding this technology. Therefore, we investigated the relative 
sizes and characteristics of groups with predominantly negative, positive, mixed or indifferent 
feelings within the Dutch population, and tried to explain differences in protest intention using 
the acceptance of technology model. People with different feelings towards mobile phone 
base stations (MPBS) were compared on perceived risk and benefits, and protest intention 
against MPBS. Using a survey among the Dutch population (n=1009) with questions about 
feelings towards MPBS, perceived risk and benefits of MPBS, ambivalence level towards 
mobile phones and power lines, and protest intention against installation of MPBS. Based on 
feelings, four groups were formed: positive (n= 427), negative (n=211), indifferent (weak 
positive and weak negative feelings; n=122), and mixed (strong positive and strong negative 
feelings; n =249) feelings. People with mixed feelings had relatively high risk perceptions, but 
were less inclined to protest against placement of MPBS than people with negative feelings 
as they also perceived large benefits. The relationship between groups and protest intention 
was mediated by perceived risk and benefits. Valence and intensity seem to affect the way 
people think about and eventually act towards installations of MPBS. 
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5.1 Introduction  
Responses to risky situations result in part from direct emotional influences, i.e. feelings such 
as worry and anxiety, and in part from cognitive evaluations of risk(13). Both emotional and 
cognitive aspects are relevant for understanding people’s reactions to technology such as 
installations of mobile phone base stations (MPBS). ‘Not in my backyard’ seems to be a 
widespread thought among residents about installations of new MPBS near their homes(47, 93, 

94). People may object against installation of new MPBS by signing petitions of local officials 
or government, by seeking support from politicians, or by attending community group 
meetings. Such protest are found all over the world. For example, in 1995 citizens of Sydney, 
Australia protested against installation of a MPBS on a kindergarten(47). In 2002 citizens of 
Valladolid, Spain won a lawsuit and removed a MPBS from the roof of a primary school(95). In 
2009 residents from Allerton Bywater, UK stopped installations of new MPBS in their 
neighbourhood(96). In the Netherlands, residents together with some local councillors from 
Rotterdam, chained themselves to a construction crane to prevent the installation of a MPBS 
in the neighbourhood(97). 

Frequently mentioned reasons to object against MPBS are perceived health risks and 
uncertainties about risks from electromagnetic fields (EMF). EMF is generated by electricity 
and consist, among others, of extreme low frequencies and radiofrequencies. Although, no 
evidence for adverse health effects of exposure to radiofrequency EMF, emitted by the 
MPBS and mobile phones, have been found(25, 27, ,30, 37, 98), there are a few studies suggesting 
an increased cancer risk associated with intensive mobile phone use(5). Also reviews suggest 
a possible link between living close to high voltage power lines, which emit extreme low 
frequency EMF, and the development of childhood leukaemia(4, 27). Media frequently suggest 
a negative relationship between EMF and health in general, and emphasize inconsistencies 
and controversies in scientific findings. They also often feature conflicts between residents 
and government around new installations of MPBS(47, 93, 99, 100). Such media reports might 
make it more complicated for citizens to establish a clear view and opinion about different 
sources of EMF risks, and how to react on installations of new MPBS in their neighbourhood.   

How people form an opinion about new technologies and whether they protest 
against or accept this technology is affected by perceived risks and perceived benefits, which 
are in part shaped by feelings regarding this technology(12, 48, 101). In a previous study(102), we 
found that higher risk perception of MPBS was associated with higher protest intention, and 
higher perceived benefits with lower protest intention against installation of MPBS. According 
to the affect heuristic, intentions are also directly influenced by feelings(12, 103). Positive 
feelings may lead to a lower protest intention and higher acceptance, while negative feelings 
will lead to a higher protest intention and lower acceptance of a new technology.  

Not all people have predominantly negative or positive feelings, some people may 
have mixed feelings, experiencing both strong negative and strong positive feelings, often 
referred to as ambivalent feelings. Ambivalence is often measured by subtracting positive 
and negative feelings(104). Studies show that mixed feelings affect health-related intentions. 
For example, in a study on healthy eating intentions Sparks et al.(105) showed that 
ambivalence attenuates the relationship between feelings and behaviour; intentions were 
less predictable by feelings among people with high levels of ambivalence, compared to 
people with low levels of ambivalence. Poortinga and Pidgeon(106) distinguished indifferent 
feelings as different from mixed feelings. While both indifferent and mixed feelings are 
neutral when subtracting positive from negative feelings, mixed feelings consist of strong 
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positive and strong negative feelings and indifference lacks emotional intensity. Poortinga 
and Pidgeon(106) found that ambivalent people are less certain about their attitudes and need 
more information on the subject than people who are indifferent or  have predominantly 
negative or positive feelings. It has been suggested that personality traits, such as 
neuroticism and optimism, underlie feelings of ambivalence towards an object or 
situation(104). It is unclear how mixed and indifferent feelings towards MPBS affect perceived 
risk and benefits and subsequent protest intention. We also know little about the relative size 
and characteristics of groups with negative, positive, mixed and indifferent feelings towards 
MPBS within in the Dutch population, and, whether feelings towards MPBS are related to 
other sources of EMF (i.e. mobile phones and power lines). 

In the present study we examine two issues: 1) the relative sizes and characteristics 
of groups with predominantly negative, positive, mixed or indifferent feelings within the Dutch 
population; and 2) explaining differences in protest intention using the acceptance of 
technology model(101). Based on the acceptance of technology model, we expect to find 
group differences in associations between feelings, perceived risk and benefits, and protest 
intention, whereby perceived risk and perceived benefits mediate the association between 
feelings and protest intention (see Figure 1). 

 

 
Figure 1. Proposed model of associations between feelings, perceived risk and benefits, and 
protest intention 
 
5.2 Method  
5.2.1 Participants 
A representative sample of the Dutch population was invited to participate in the study. They 
were approached through an invitation in an online consumer panel (20,000 members, ISO 
20252 and ISO 26362 certified) consisting of a representative sample of the Dutch 
population. The sample was stratified on demographic features (age, sex, educational level 
and area of residence) to ensure that the sample was an accurate representation of the 
population. Panel members who had participated in a previous study on electromagnetic 
fields (EMF) earlier that year were not invited. Participants received credits for partaking in 
the study, which could be exchanged for gifts. Within a week 1,009 participants had filled out 
the questionnaire. 
5.2.2 Outcome measures 
The items used in this study are from a larger questionnaire on EMF and health concerns. 
The introduction section of the questionnaire explained to participants that the questions 
involved EMF, but no description of EMF was provided. The variables measured feelings 
towards mobile phone base station (MPBS) and other sources of EMF (i.e. mobile phones 
and power lines), demographic and personal characteristics, perceived risk and perceived 
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benefits of MPBS, and protest intention against installation of mobile phone base station 
MPBS. 
 
Feelings towards MPBS and ambivalences towards different sources of EMF 
Positive feeling was measured by “To what extent do you have a positive feeling towards 
MPBS?” (rated on a 5-point scale from ‘not at all’ to ‘very much’). Negative feeling was 
measured by “To what extent do MPBSs give you an unsafe feeling?” (rated on a 5-point 
scale from ‘not at all’ to ‘very much’). ‘Unsafe’ was used instead of explicitly ‘negative’ feeling 
as people can more relate to this word.  
 The median of positive (m=3.00) and negative feelings (m=2.00) was used to assign 
participants to the four different groups  
1) Participants with positive feelings: scored 4 or 5 on positive feeling and 1 or 2 on 

unsafe feeling;  
2) Participants with a negative feelings: scored 1, 2, or 3 on positive feeling and 3, 4, or 5 

on unsafe feeling;  
3) Participants with indifferent feelings: scored 1, 2, or 3 on positive feeling and 1 or 2 on 

unsafe feeling;  
4) Participants with mixed feelings: scored 4 or 5 on positive feeling and 3, 4, or 5 on 

unsafe feeling. 
Ambivalence towards MPBS, mobile phones, and power lines was calculated for each 
source of EMF separately by using the formula:  
(Positive feeling +Negative feeling)/2 - |Positive feeling-Negative feeling| (107).  
This ambivalence score was used to investigate whether people who are ambivalent towards 
MPBS are also ambivalent towards other sources of EMF, i.e. mobile phones and power 
lines. 
 
Demographic and personal characteristics: 
Age, sex, education level and employment status were assessed. We measured optimism 
using the Life Orientation Test-Revisited (LOT-R)(65), and neuroticism using the neuroticism 
items of the NEO-Five Factors Inventory (NEOFFI)(66). Self-reported general health status 
was measured by asking participants: “In general, how do you evaluate your health?”. 
 
Perceived risk and perceived benefits of MPBS 
Perceived risk of MPBS was measured by asking participants: “To what extent do you think 
this technology is a health risk?” (rated on a 5-point scale from ‘not at all’ to ‘very much’).  

To measure perceived benefits of MPBS participants were asked: “How useful is this 
technology for you?” (rated on a 5-point scale from ‘not at all’ to ‘very much’).  
 
Protest intention 
Protest intention was measured by asking whether participants would protest when a MPBS 
would be placed nearby their house (scored on a 5 point scale from ‘certainly not’ to 
‘certainly’). 
 
5.2.3 Data analyses 
Based on their feelings towards MPBS we divided participants into four groups (i.e. positive, 
negative, indifferent, and mixed feelings). For each group, means and standard deviations 
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were calculated for demographic and personal characteristics, and also for perceived risk, 
perceived benefits, ambivalence level, and protest intention. F-tests and Pearson’s chi-
square tests were performed to compare participants from the four groups with each-other.  
 To examine the proposed model, mediation analysis with a multicategorical 
independent variable was performed using the script MEDIATE -designed for SPSS by 
Hayes et al.(108) - with group membership as independent variable, perceived risk and 
perceived benefits as mediators, and protest intention as dependent variable. Dummies were 
made for the independent variable whereby Dummy 1 contrasted the group with 
predominantly negative feelings and the group with predominantly positive feelings, Dummy 
2 the mixed feelings group and the indifferent group, and Dummy 3 contrasted the negative 
group and the mixed feelings group. A bootstrap confidence interval for a relative indirect 
effect was constructed by repeatedly taking samples of 10000 of the original sample, and 
estimating all the coefficients in the mediation model. From the estimated coefficients, the 
relative indirect effects were calculated(108). 
 
5.3 Results 
5.3.1 Feelings towards MPBS 
On average, participants’ feelings towards MPBS were around scale midpoint for positive 
feeling: ‘not little/not much’ positive feeling towards MPBS (M= 2.9, SD = 1.1); and somewhat 
lower for negative feeling: between ‘little’ and ‘not little/not much’ unsafe feeling towards 
MPBS (M=2.4, SD = 1.3). The moderate correlation between these two feelings (r=-.35, 
p<.001) indicates that at least a substantial part of the participants reported opposing 
feelings, and therefore is ambivalent towards MPBS. We assigned participants to the four 
different groups: Positive feelings (n=427),  negative feelings (n=211), indifferent feelings 
(n=122), and mixed feelings (n=249). 
 
5.3.2 Demographic and personal characteristics 
There were few demographic and personal differences between the four groups. The group 
with predominantly negative feelings towards MPBS existed of less working people, lower 
educated people and people with a lower perceived health status compared to the positive 
group (see Table 1). 
 
5.3.3 Level of ambivalence towards different sources of EMF 
Comparing the four groups on ambivalence towards MPBS, mobile phones, and power lines, 
we found that the mixed feelings group had the highest levels of ambivalence towards all 
three sources of EMF (see Table 2). Notable, although participants in the negative group 
were not ambivalent towards MPBS (M=0.3,SD=0.9) and power lines (M=0.5, SD=1.2) they 
were ambivalent towards mobile phones (M=1.3, SD=1.3). 
 
5.3.4 Group differences in perceived risk, perceived benefits  
Perceived risks and benefits of MPBS corresponded to the different feelings towards MPBS 
(see Table 3). There was no correlation between perceived risk and perceived benefits 
(r=.05, p=.087). Compared to the other groups, the negative group perceived the risk of 
MPBS as highest (M=4.1, SD=0.9) and benefits as lowest (M=3.0, SD=1.4), while the 
positive group perceived the risk as lowest (M=2.2, SD=1.0) and the benefits as highest 
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(M=3.8, SD=1.1). The mixed feelings group on the other hand had a high perception of both 
risk (M=3.4, SD=0.8) as benefits (M=3.7, SD=1.1). 
 
Table 1. Demographic and personal characteristics per group 
 Positive 

(n=427) 
Negative 
(n=211) 

Indifferent 
(n=122) 

Mixed 
(n=249) 

ANOVA/ 
chi-square 

Age (m(sd)) 47.5 (16.6) 53.0 (15.5)1 50.4 (15.0) 49.2 (14.8) F(3,1008)=5.9 
p=.001,η2=.02 

Sex (% male) 52.7 47.9 54.9 51.8 χ2=1.917 p=.590 
Educational level º (%) 
  Low 
  Medium 
  High 

 
32.6 
38.6    2 
28.8 

 
43.1 
34.6 
22.3 

 
35.2 
40.2 
24.6 

 
32.5 
43.4 
24.1 

χ2=10.311 
p=.112 

Working (% working) 57.4 50.2 55.7 63.12 χ2=7.764 p=.051 
LOT-R (m(sd)) 20.9 (3.6)4 20.1 (3.8) 21.1 (3.5) 20.1 (3.1) F(3,1008)=4.7 

p=.003, η2=.01 
NEOFFI (m(sd)) 5.1 (2.0) 5.4 (2.0) 4.9 (2.0) 5.5 (1.8)1,3 F(3,1008)=4.7 

p=.003, η2=.01 
General health status 
(m(sd)) 

3.7 (0.9)2 3.5 (0.9) 3.7 (1.0) 3.5 (0.9) F(3,1008)=4.3 
p=.004 η2=.01 

¹ p<.050, significantly higher score than the positive group; ² p<.050, significant higher score than the negative 
group; ³ p<.050, significant higher score than the indifferent group; 4 p<.050, significantly higher score than the 
mixed feelings group; º Low: primary school, lower level of secondary school or lower vocational training. Medium: 
higher level of secondary school, or intermediate vocational training. High: higher vocational training or university. 

 
Table 2. Level of ambivalence* of the four groups in regard to mobile phone base station 
(MPBS), mobile phones and power lines 
 Positive 

(n=427) 
Negative 
(n=211) 

Indifferent 
(n=122) 

Mixed 
(n=249) 

ANOVA 

Ambivalence 
MPBSº 

0.3 (0.9) 0.3 (0.9) 1.1 (0.6) 2.9 (0.5)  

Ambivalence 
mobile phones 

-0.0 (1.0) 1.3 (1.3)1,3 0.5 (1.2)1 1.7 (1.3)1,2,3 F(3,1008)=134.5 
p<.001, η2=.29 

Ambivalence 
power lines 

0.7 (1.3) 0.5 (1.2) 0.9 (0.9)2 2.5 (1.0)1,2,3 F(3,1008)=147.1 
p<.001, η2=.31 

* Formula used for ambivalence level: (positive + negative affect)/2 – |positive-negative affect|; High score means 
highly ambivalent feelings, low score means no ambivalent feelings; ¹ p<.050, significantly higher score than the 
positive group; ² p<.050, significant higher score than the negative group; ³ p<.050, significant higher score than 
the indifferent group; º No ANOVA was performed while the same variables were used to form groups 
membership and ambivalence  

 
5.3.5 Protest intention 
The group with predominantly positive feelings had the lowest intention of protesting against 
placement of MPBS near their house, while the negative group had the highest intention (see 
Table 3). For the mixed feelings and indifferent groups intentions were on average not sure 
whether they would protest or not.  
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Table 3. Perceived risk, perceived benefits, and protest intention per group 
m(sd) Positive 

(n=427) 
Negative 
(n=211) 

Indifferent 
(n=122) 

Mixed 
(n=249) 

ANOVA 

Perceived risk mobile 
phone base station  

2.2 (1.0) 4.1 (0.9)1,3,4 2.6 (1.3)1 3.4 (0.8)1,3 F(3,1008)=189.6 
p<.001, η2=.36 

Perceived benefits mobile 
phone base station  

3.8 (1.1)2,3 3.0 (1.4) 2.8 (1.4) 3.7 (1.1) 2,3 F(3,1008)=31.6 
p<.001, η2=.09 

Protest intention mobile 
phone base station 

2.5 (1.1) 3.9 (1.0)1,3,4 3.0 (1.2)1 3.2 (1.1)1 F(3,1008)=81.8 
p<.001, η2=.20 

¹ p<.050, significantly higher score than the positive group; ² p<.050, significant higher score than the negative 
group; ³ p<.050, significant higher score than the indifferent group; 4 p<.050, significantly higher score than the 
mixed feelings group 

 
5.3.6 Relationships between feelings towards MPBS and protest intention, and the mediating 
role of perceived risk and benefits 
Mediation effects are presented in Figure 2. A series of ANOVA’s showed that protest 
intention was predicted by group membership, as revealed by a significant ANOVA, 
F(3,1008)=81.765, p<.001 (see Table 3). Group membership had a significant effect on 
perceived risk, F(3,1008)=189.611, p<.001, and perceived benefits, F(3,1008)=31.592, p<.001. 
After controlling for group membership a relationship was found between perceived risk and 
protest intention (b1=0.414, p<0.001) and between perceived benefits and protest intention 
(b2=-0.116, p<0.001). Those who perceived greater risk had a significantly higher intention to 
protest, and those who perceived greater benefits had a significantly lower intention to 
protest. 

Participants with mixed feelings perceived a higher risk of MPBS compared to those 
who were indifferent (See Table 3). This higher perceived risk strengthened the positive 
effect on protest intention ((ab1=0.340, 95% Confidence interval (CI) [0.228; 0.465]). On the 
other hand, participants with mixed feelings also perceived higher benefits of MPBS than 
those who were indifferent, thereby strengthening the negative effect on protest intention 
(ab1=-0.099, 95% CI [-0.164; -0.052]). Resulting in little difference in protest intention 
between the indifferent and mixed feelings group.  

Participants with predominantly negative feelings perceived a higher risk of MPBS 
compared to those with mixed feelings. This higher perceived risk strengthened the effect on 
protest intention (ab2=0.273, 95% CI [0.203; 0.356]). Furthermore, participants with negative 
feelings perceived lower benefits, thereby weakening the negative effect of benefits on 
protest intention (ab2=0.070, 95% CI [0.034; 0.122]). The difference in perceived risk and 
perceived benefits did not explain all the difference between the negative and mixed feelings 
group (c’1=0.341, p<.001), which indicates a partial mediation effect.  

Participants with predominantly positive feelings perceived a lower risk of MPBS than 
those with predominantly negative feelings, which weakened the effect on protest intention 
(ab3=-0.751, 95%CI [-0.895;-0.619]). In addition, they perceived higher benefits thereby 
strengthening the negative effect on protest intention (ab3=-0.084, 95% CI [-0.139;-0.043]). 
This was related to a significantly lower protest intention. However, the difference in protest 
intention between those with positive feelings and those with negative feelings was, after 
controlling for perceived risk and benefits, significant (c’3=-0.552, p<.001), which indicates a 
partial mediation effect.  
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a32= 0.728 * 

In total, thirty two percent of the variation within protest intention was explained by 
group contrasts, perceived risk and perceived benefits. 

 

 
Note: *p<.001 

Figure 2. Mediation effects of perceived risk and perceived benefits of MPBS on the 
relationship between feelings groups and protest intention. 
 
5.4 Discussion  
In our study, less than a quarter of the participants had predominantly negative feelings while 
almost half of the participants had predominantly positive feelings towards MPBS. As 
expected, strong negative feelings were associated with high perceived risk and strong 
protest intention, positive feelings were associated with high perceived benefits and weak 
protest intention. Interestingly, a quarter of the participants could be qualified as ambivalent 
towards MPBS. That is, they have mixed feelings towards MPBS. This ambivalence seems 
to be related to feelings towards other sources of EMF. In addition, having mixed feelings, 
i.e. both strong negative and strong positive feelings, is associated with high perceived risk 
as well as high perceived benefits which seems to level each other out in relationship with 
protest intention, leading to neither strong nor weak protest intention.  

Our results are in line with the model for technology acceptance, incorporating the 
affect heuristic, which states that feelings have an impact on perceived benefits and 
perceived risks, which in turn influence the intention to protest(12, 101). This mechanism is 
assumed to be biologically determined, as in the brain the impact of the emotional system on 
the cognitive system is stronger than the impact of the cognitive system on the emotional 
system(109). In the model of acceptance of nanotechnology(101) perceived benefits was 
stronger related to willing to buy products with nanotechnology. In our study, perceived risk 
was stronger related to protest intention. It might be that positive actions, e.g. buying or 
accepting something, is stronger related to perceived benefits, and negative actions, e.g. 
protesting against placement of MPBS, are stronger related to perceived risks. 
 As was found in related studies on topics like genetically modified food and modern 
technologies(106,110), we found that the group with predominantly negative feelings was 
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relatively older and lower educated, and consisted of more females. Also, in general, men 
perceived risk of MPBS as lower than women. It has been suggested that gender differences 
in risk perceptions of technology are due to differences in decision power and perceived 
control in general(111). Decision power and perceived control over MPBS may be related to 
power and control over other sources of EMF, and possibly over other modern technologies, 
explaining why feelings towards MPBS are similar to feelings towards other sources of EMF. 
A study on health risk perceptions of modern technologies (e.g., cell phones, hormones in 
food, air pollution, and pesticide spray), showed that perceptions of health risk due to these 
sources were highly correlated(112). Thus, people who have health concerns about MPBS, are 
likely to have health concerns about other modern technologies as well. 
 Feelings are more complex than simple ‘positive’ and ‘negative’ evaluations of 
technologies. Although 46% of the participants had strong negative feelings towards MPBS, 
more than half of them also experienced strong positive feelings, and therefore had mixed 
feelings. People with mixed feelings are different from people with negative feelings as they 
also have positive feelings, and different from people with indifferent feelings who do not 
have strong positive or negative feelings. This distinction is important because people with 
different feelings need different information and may react differently when asked their 
opinion about placement of MPBS or other equipment.    

Only a small proportion of the population had predominantly negative feelings 
towards MPBS. In the Netherlands and in other countries like the United Kingdom, special 
interest groups opposing MPBS have strong voices and their opinion and experiences are 
often considered when advising the government on policies. When incorporating public 
participation in policies it should be taken into account that these protest groups, represent 
only a small section of the public(93, 113-115).  
 People with mixed feelings process information differently than people with 
predominantly positive, negative or indifferent feelings(116,117). People do not like having 
conflicting feelings and are motivated to dissolve this by e.g. adopting only one side of the 
argumentation(118). For example, Fischer et al.(117) showed that when provided with risk and 
benefit information ambivalence was reduced; attitudes sometimes became more positive 
but in most cases became more negative. People attach more weight to negative 
information, such as the possibility of negative health effects, and judge it as more 
informative and credible than positive information, such as the findings that there are no 
health effects(119, 120). Also, as negative information about modern technologies is 
emphasized in the media(100, 121), it has a stronger impact than positive information, resulting 
in more negative attitudes towards MPBS and other modern technologies.  
 This study has some limitations that need to be addressed. The study presents cross-
sectional data and can not show the dynamic relationships between the variables. Therefore, 
our data did not provide evidence for causal relationships. In particular for the relationship 
between emotions and cognition, there are theories suggesting that cognitions and emotions 
work independently and parallel from each other(122), or that cognitions influence feelings(123). 
Further experimental and prospective research is needed to verify the presumed dynamic 
and causal relationships. We also need studies on the influences of various social 
processes, such as social, economic, and political environment. As proposed in the social 
amplification of risk framework (SARF), these processes may influence perceived risk and 
benefits, and the acceptance or rejection of an technology as well(124).  
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In conclusion, our study shows that only a small proportion of the population has 
predominantly negative feelings towards MPBS and intent to protest against installation of 
MPBS in their neighbourhood. Feelings towards MPBS differ between people, not only in 
valence (i.e. positive or negative) but also in intensity (i.e. indifference). People may also 
experience mixed feelings. These differences in feelings seem to play an important role in 
the acceptance of MPBS. Moreover, people who differ in feelings are also likely to interpret 
and respond to information about MPBS technology differently(116, 117). Therefore, different 
communication approaches are needed addressing the specific fears and concerns of these 
different groups(125, 126).  
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Chapter 6  
Information on policy and transparency about economic 
interest; the impact on evaluation of policy and responses to 
mobile phone base stations and power lines 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
van Dongen D, Claassen L, Smid T, Timmermans D. Information on policy and transparency 
about economic interest; the impact on evaluation of policy and responses to mobile phone 
base stations and power lines. Submitted at Risk Analysis 2014. 
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Abstract:  
According to previous research, information about electromagnetic field (EMF) regulation 
policy can have adverse effects due to raising risk awareness. We believe that responses to 
policy information are also effected by the transparency of information. In an online study we 
offered respondents (n= 118) different formats of information; one group received no 
information on government policy and three groups received different forms of information: 
standard policy information, standard policy information while emphasizing the independence 
of the government from the industry, standard policy information and information about the 
government’s economic interest regarding EMF. ANOVAs with planned contrasts were used 
to assess the differences between conditions. Dependent variables were the evaluation of 
government policy, trust in government, and responses to installation of public EMF sources. 
Compared to participants who received no information, participants who received standard 
information were more aware of government policy, but did not differ in trust in government 
policy, or responses to public sources of EMF in the neighbourhood. Participants who 
received information stressing the independence from industry were less convinced of the 
government’s independence, perceived higher risks, and were less inclined to accept base 
stations and power lines, compared to participants who received information clarifying 
government’s economic interest. These results show that information is not necessarily seen 
as a cue for risk. Clarifying government’s potential economic gains has more positive effects 
than emphasizing the independence from industry. As the government has a duty to inform 
the public, it is best to be transparent about potential conflicting interests.  
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6.1 Background 
An important role of the government is to adequately inform citizens about potential risks, so 
that people can make informed decisions regarding whether to accept or reject situations or 
technologies. However, as people might take the attention given to the situation as a cue for 
risk, informing people can have unwanted effects by increasing risk perception. Furthermore, 
some people have little trust in the government and therefore might distrust the information 
given by the government, which in turn may increase perceived risk(127). Hence, when 
informing the public about potential risks, two aspects seem important: the content of the 
information and the trust people have in the source of that information.  

Studies showed that providing people with information about risk regulation 
concerning electromagnetic fields (EMF) can amplify risk perceptions(42, 128-131). For example, 
after mentioning a precautionary measure of increased protection of sensitive locations – e.g. 
kindergartens and homes for the elderly– people felt more threatened by EMF(129). 
Perceptions of risk of EMF strongly influenced whether people would reject or accept, for 
example, the installation of a mobile phone base station in their neighbourhood(48, 49, 132). The 
more people believed that EMF was a risk to their health, the less likely they would accept a 
mobile phone base station installation near their home.  

Whether people accept information partly depends on whether they trust the source 
of that information. In turn, trust in government policy affects how people perceive and 
handle risks. According to previous studies, trust in government is associated with lower 
perceived risk and higher acceptance of new technologies(18, 84, 85, 89, 132). If people do not trust 
the government, they are less likely to accept the installation of a mobile phone base station 
or power lines near their homes and are more likely to take their own measures, like making 
less use of their mobile phone(132). Many factors could decrease trust in government policy, 
including previous failures, inadequate emergency response planning, implied involvement of 
industries, and potential conflicting economic interest(1, 92). For example, citizens might not be 
convinced that public health is the government’s main priority and believe the government is 
sensitive to the lobbying of industries, or profits from tenders. 

In general, people know little about government policy regarding EMF(50,133,134). Pilot 
focus group interviews (data not published) showed that the awareness of the government’s 
involvement in the mobile phone industry seemed to raise concerns and lower trust in 
government policy concerning EMF. While many were aware that the government had 
auctioned off the EMF frequencies to telecom providers, most were not aware of government 
policy regarding emissions of EMF.  

As trust in the government might be low among part of the population and informing 
about potential risk can be seen as a cue for risk, the question arises: How can the 
government inform the public without raising concerns unnecessarily? Stressing a single 
role, i.e. protecting public health, while denying other roles, for example the economic 
interest, might have adverse effects because people are aware of the vested interest of the 
government. However, if the dual role of the government is clarified in the information, by 
mentioning the government’s investment in research on health effects as well as the gains of 
the auction of the frequencies, might lead to people having more trust in the government and 
information. They also might be less concerned and more likely to accept public sources of 
EMF.  

In this study we examined people’s evaluation of government policy regarding EMF in 
relation to trust in government policy, perceived risk, and acceptance of mobile phone base 
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stations or power lines in the neighbourhood. In addition, we tested whether different formats 
of information about government policy have different effects on these variables. We 
hypothesized that informing the public about government policy regarding EMF leads to 
higher awareness of policy but does not result in less trust in the government, nor in higher 
perceived risk or less acceptance of power lines and mobile phone base stations. 
Furthermore, we hypothesized that providing additional information about potential economic 
gains leads to more trust in government policy, lower risk perception, and higher acceptance 
of mobile phone base stations and power lines compared to stressing the independence from 
industries of the government.  
 
6.2 Method  
6.2.1 Participants 
Participants were approached through an online access consumer panel (20,000 members, 
ISO 20252 and ISO 26362 certified). The total sample was stratified according to gender, 
age, educational level, and region, and being representative for the 18+ population in the 
Netherlands. Participants received credits for partaking in the study, which could be 
exchanged for gifts. Within a week, 522 participants had taken part in the study. For this 
study we included 118 participants who only differed in terms of the information received 
about government policy regarding EMF1. 
 
6.2.2 Procedure 
This online study consisted of three parts. In the first part, participants answered questions 
concerning their ideas about government policy on new technologies. Second, all 
participants were provided with basic information about the nature and sources of EMF and 
were then randomly assigned to the four information conditions (see below). After studying 
the information, participants were asked to evaluate the provided information and answer 
questions about policy. The final part of the questionnaire contained responses to two 
hypothetical scenarios in which personal exposure to public sources of EMF was varied: 
installation of a base station and of a high-voltage power lines nearby.  
 
6.2.3 Information conditions 
We varied information about government policy regarding EMF, building on the results of 
earlier studies(50,132). The information was based on the information that was provided on 
www.kennisplatform.nl (knowledge platform), an official Dutch website designed to inform the 
public about EMF and health. All four conditions received the same basic information about 
the nature and sources of EMF. However, the no information condition received no 
information about government policy. The standard policy condition contained information 
about the public health perspective of the governmental regulation. The stressing 
independence from industries condition contained the standard policy information plus 
information that emphasized the independence of the government from industries. The 
information in the clarifying economic interests condition contained the standard policy 
information plus information about the invested money in public health aspects as well as the 
gains from the auction of the frequencies for the government. See Box 1 for details.  
                                                 
1  This experiment was part of a larger experiment in which effects of information about own measures 
regarding exposure to EMF and information about the distance-exposure relationship were also 
tested. These results will be reported in another article. 
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6.2.4 Variables 
Baseline characteristics of participants 
In addition to gender, age and educational level, we assessed trust in the government in 
regulations regarding new technologies at baseline to control for possible difference in trust 
between the groups beforehand. Trust at baseline was calculated by averaging responses to 
four statements: (1) “The government cares about the safety and health of citizens”; (2) “The 
government protects people like me against the risks”; (3) “The government communicates 

Box 1. Information about government policy on EMF  
 
The no information condition received no information about government policy. 
 
 
The standard policy condition received the following text:  
 
What is the government doing with respect to electr omagnetic fields? 
Research 
The government invests in the distribution of knowledge regarding electromagnetic fields and 
research on possible health effects. a 

 

Standards 
As there is no certainty that electromagnetic fields of electricity and wireless communication are 
harmless, the government has adopted a precautionary approach, with rules for maximum 
exposure.b No houses should be built under or near high-voltage power lines, and the field strength 
a few metres from a mobile phone base station should be below a specified level. Furthermore, the 
strength of the electromagnetic fields of a mobile phone and electronic devices are not allowed to 
exceed a specified value. 
 
Information and participation 
The government has enlisted several professionals to monitor the developments on 
electromagnetic fields and to inform the Dutch citizens about these new developments. A link to the 
website with this information has been added at the end of this questionnaire. 
When high-voltage power lines are installed in the neighbourhood, or mobile phone base stations 
are installed in homes, residents are informed about this (via door to door magazines). 
Furthermore, meetings are organised to give residents the opportunity to object or complain. 
 
c  

 

---------------------------------------------------------------------------------------------------------------------------------------------------------------- 

In the other two conditions, the following phrases were added to the policy text:  
  

Stressing independence from industry 
condition 

 
Clarifying economic interests  condition 

a Research is done absolutely independent of 
the industry. 

The government invests €16 million in 
distributing knowledge regarding 
electromagnetic fields and research in 
possible health effects. This research is 
performed by universities, RIVM, and other 
research institutions. 

b In principle, the industry has no influence on 
these rules. 

 

c Auction of frequencies Auction of frequencies 

 The frequencies used for telecommunication 
are auctioned by the government to enhance 
competition between telecom providers. 

The frequencies used for telecommunication 
are auctioned by the government. The 
revenues benefit the treasury. A new auction 
is planned in October this year and is 
expected to yield more than €80 million. 
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openly about the risks”; and (4) “The government does little to decrease the risks”. 
Participants were asked to indicate to which extent they agreed with these statements 
(agreement scale 1-5) (Cronbach’s alpha = .88). 
 
Outcome measures 
Evaluation of policy 
Evaluation of policy consists of three parts: Policy awareness, Independence from industry, 
and Priority of economic interest of the government. 

Policy awareness: Participants were asked to indicate on a scale from 1 to 5 to what 
extent they thought the following statements were true (1= definitely not, 5 = definitely). “The 
government instigates research on the effects of electromagnetic radiation on health”; “The 
government maintains standards for maximum levels of radiation”; and “The government 
gives people a say in the placement of mobile phone base stations and high-voltage power 
lines”. Awareness of EMF policy was calculated by totalling participants’ responses to the 
statements (range: 3 to 15).  

Independence from industry of government policy regarding EMF was assessed by 
asking participants to what extent they thought the following statement was true “The 
government is independent from industries” (1= definitely not, 5= definitely). 

Priority of economic interest of government was assessed by asking participants to 
what extent they thought the following statement was true: “The government puts economic 
interest first when it comes to risk regulation” (1= definitely not, 5= definitely). 
 
Trust in government policy regarding EMF : We calculated trust by averaging responses over 
three statements (van Dongen et al., 2012): (1) “The government communicates openly 
about possible health effects”; (2) “The government will honestly inform the citizens should it 
turn out that mobile phone base stations are a health threat”; and (3) “The government takes 
the public health into account when allowing new technologies of telecommunications”. 
Participants were asked to indicate to what extent they agreed with the statements 
(agreement scale 1-5) (Cronbach’s alpha = .86). 
 
Responses to hypothetical situations of installation of public sources 
We assessed perceived risk of exposure and acceptance of installation in two hypothetical 
scenarios; installation of a mobile phone base station and installation of a high-voltage power 
line in the neighbourhood.  

Perceived risk was assessed by averaging the scores of participants concerning the 
extent to which the following statement would apply to them “My chance of developing health 
complaints would increase” on both the mobile phone base station and power lines 
installation (Cronbach’s alpha = .83). 

Acceptance was assessed by averaging the scores of the participants on “I would be 
fine with the installation of a base station in my neighbourhood” and “I would be fine with the 
installation of a power line in my neighbourhood” (Cronbach’s alpha = .72) (agreement scale 
1- 5). 
 
6.2.5 Data analyses 
All statistical analyses were performed using SPSS 20. Analyses of variance (ANOVA) (for 
age and general trust) and Pearson’s chi2 (for gender and educational level) were used to 
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examine differences between the conditions at baseline. To explore the relationships 
between evaluation of policy, trust in government policy regarding EMF, perceived risk, and 
acceptance of mobile phone base stations and power lines, correlations were calculated for 
the no information condition. For the analyses, we considered p<.05 as significant. 
Subsequently, ANOVAs with planned contrasts were used to test the effects of the 
experimental manipulation on the outcome variables. The effects of no information was 
compared to the standard policy condition on awareness of government policy, trust in 
government policy regarding EMF, risk perception, and acceptance. The effects of the 
standard policy condition was compared to the stressing single role condition and to the 
clarifying dual role condition. And the stressing single role condition was compared to the 
clarifying dual role condition on evaluation of government, trust in government policy, risk 
perception, and acceptance. For the planned contrasts, we considered p<.05 (one tailed) as 
significant. 
  
6.3 Results 
6.3.1 Characteristics participants 
We found no significant differences between the conditions on baseline regarding 
demographic characteristics (age, gender, educational level), nor on trust in the government 
in general (See table I).  
 
Table I. Demographic characteristics (age, gender, educational level) and general trust in 
government per condition 
 No 

information  
(n=30) 

Standard 
policy 
information  
(n=29) 

Additional policy 
information 

ANOVA/  
Pearson’s 
Chi 2 Stressing 

independence 
from industry  
(n=30) 

Clarifying 
economic 
interest  
(n=29) 

Age (m(sd)) 51.7 (17.4) 54.8 (12.9) 49.2 (16.2) 46.6 (14.8) F(3,114)=1.491, 
p=.221 

Sex (% male) 46.7 58.6 46.7 48.3 chi2=1.163, 
p=.762 

Education (%)1 

   Low 
   Medium 
   High 

 
33.3 
46.7 
20.0 

 
41.4 
27.6 
31.0 

 
56.7 
33.3 
10.0 

 
37.9 
37.9 
24.1 

 
chi2=6.987, 

p=.322 

Trust at baseline 
(m(sd))2 

2.9 (.91) 2.8 (.75) 2.9 (.73) 3.1 (.68) F(3,114)=0.588, 
p=.624 

1 Educational level: Low: primary school, lower level of secondary school or lower vocational training. Medium: 
higher level of secondary school, or intermediate vocational training. High: higher vocational training or university; 
2 scale: 1-5 

 
6.3.2 Relationships between evaluation of policy, trust, and responses 
In the no information group, trust in government policy regarding EMF was strongly related to 
trust at baseline. Furthermore, all three aspects of the evaluation of policy were strongly 
related to trust in government policy regarding EMF; the participants had more trust in the 
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government when they were more aware of the EMF policy, more strongly believed that the 
government is independent from industries, and did not believe that the government puts 
economic interest first (see Table II). Evaluation of policy was not significantly associated 
with perceived risk of mobile phone base stations or power lines. However, believing that the 
government is independent from industries was positively related to accepting the installation 
of mobile phone base stations or power lines near the home, as was trust in government 
policy. Risk perception was negatively correlated with acceptance of the installation of mobile 
phone base stations and power lines.  
 
Table II. Correlations in the no policy information condition (n=30) between evaluation of 
policy, trust, and responses to installation of public sources of EMF  
 Trust in EMF 

policy 
Perceived 
risk 

Acceptanc
e 

Trust at baseline .89* -.33 .48* 
Policy awareness .60* -.25 .20 
Independence from 
industries 

.48* -.23 .55* 

Economic interest -.57* .10 -.29 
Trust in EMF policy  -.24 .41* 
Perceived risk   -.47* 
* p<.05 (2-tailed). 

 
6.3.3 Effects of information  
The results of ANOVA are presented in Table III. Overall, the analyses showed differences 
between the four conditions in policy awareness and in believing in the government’s 
independence from industry. No overall differences were found in terms of believing that the 
government had an economic interest in EMF, trust in government policy regarding EMF, 
perceived risk of public EMF sources, and acceptance of public EMF sources in the 
neighbourhood. 
 
Effects of policy information on awareness of policy, trust, risk perception, and acceptance 
Planned contrasts revealed that participants in the standard policy condition showed more 
awareness of government policy regarding EMF than participants in the no policy information 
condition (95% Confidence Interval (CI) [0.46;2.53]) (See table III). No significant differences 
were found between the conditions on trust in EMF policy (95% CI [-0.43;0.54]) or responses 
to installation (Perceived risk :95% CI [-0.43;0.48], Acceptance: 95% CI [-0.66;0.32]). 
 
Effects of additional transparency or independence information  
Planned contrast showed that participants in the condition stressing independence showed a 
lower awareness of the government policy than participants in the standard policy condition 
(95%CI [-2.46;-0.39]). No differences were found between these two conditions on the other 
two items of evaluation of policy; independence from industry (95%CI [-0.29;0.75]) and 
economic interest of government (95%CI [-0.61;0.31]). Also, no significant differences were 
found on trust in EMF policy (95% CI [-0.24;0.73]), perceived risk (95% CI [-0.79;0.11]), or 
acceptance (95% CI [-0.24;0.72]).  
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Table III. Planned contrast effects of information about government policy. Means and 
standard deviation of evaluation of policy, trust, and responses to public sources of EMF.  
M [95% CI]  No  

informatio
n 
(n=30) 

Standard 
policy 
information 
(n=29) 

Additional policy information  

Stressing 
independence 
from industry 
(n=30) 

Clarifying 
economic 
interest role 
(n=29) 

Policy awareness 
(scale: 3-15) 

9.3 
[8.0;10.0] 

10.81,2 

[10.1;11.5] 
9.3 

[8.5;10.2]  
10.42 

[9.6;11.2] 
Independence from 
industry 
(scale:1-5) 

2.4 
[2.0;2.8]  

2.81 
[2.5;3.2]  

2.6 
[2.3;2.9]  

3.12 

[2.7;3.5]  

Economic interest 
(scale:1-5) 

3.4 
[3.0;3.7] 

3.5 
[3.2;3.8] 

3.6 
[3.3;3.9] 

3.3 
[2.9;3.7] 

Trust in EMF policy 
(scale:1-5) 

3.0 
[2.6;3.3] 

3.0 
[2.7;3.4] 

2.8 
[2.4;3.1] 

3.1 
[2.8;3.5] 

Perceived risk 
(scale:1-5) 

3.3 
[2.95;3.65] 

3.3 
[3.0;3.7] 

3.73 

[3.4;4.0] 
3.2 

[2.8;3.5]  

Acceptance 
(scale:1-5) 

2.4 
[2.11;2.69] 

2.2 
[1.9;2.6] 

2.0 
[1.6;2.3]  

2.42 
[2.0;2.8] 

1 p<.05 (one tailed), significantly higher score than no information condition; 2 p<.05 (one tailed), significantly 
higher score than stressing single role condition; 3 p<.05 (one tailed), significantly higher score than clarifying dual 
role condition  

 
No differences were found between the standard policy condition and the clarifying economic 
interests condition on any of the variables (Awareness: 95%CI [-0.70;1.39], Independence 
from industry: 95% CI [-0.80;0.25], Economic interest: 95% CI [-0.33;0.60], Trust in EMF 
policy: 95% CI [-0.57;0.40], Risk perception: 95% CI [-0.30;0.61], or Acceptance: 95% CI [-
0.69;0.28]).  

Planned contrasts also showed several differences between the two conditions with 
additional policy information. Participants in the information condition stressing independence 
from industry were less aware of the government policy (95%CI [-2.11; -0.05]) and showed a 
trend to believing less in the independence of the government (95%CI [-1.02; 0.02]) than 
participants who received information about the economic interest of the government. 
Furthermore, they perceived the installation of a base station or power lines near their home 
as a higher risk for health (95%CI [0.04;0.95]), and showed a trend to less likely to accepting 
the installation of a power line or base station in their neighbourhood (95%CI [-0.93;0.04]). 
No significant difference was found between the stressing independence from industry 
condition and the clarifying economic interest condition on the evaluation of economic 
interest of the government (95%CI [-0.17;0.75]), or on trust in government policy regarding 
EMF (95% CI [-0.81;0.16]).  
 
6.4 Discussion 
The present study assessed the effect of providing information (and/or different aspects 
thereof) about government policy regarding EMF on evaluation of policy and responses to 
power lines or mobile phone base stations. We found that providing people with information 
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did not lead to less trust in the government, higher perceived risk or less acceptance of the 
installation of mobile phone base stations or power lines. However, when the policy 
information emphasized the industry-independence of the government, people became 
suspicious – they were more concerned about health effects and seemed less inclined to 
accept the installation than when the policy information clarified the economic interest. 
 Previous studies found that informing the public about precautionary actions raised 
the concerns and in some cases led to a demand for stricter regulations(42,129,130). The 
information provided in these cue-for-risk studies mostly emphasizes the recommendations 
or demands for precautionary actions to be taken by the government, such as not installing 
mobile phone base stations near homes for the elderly(129), or precautionary 
recommendations for the public, like using headsets when making phone calls(130, 134). 
However, we found no negative effect of providing people with policy information on trust or 
perceived risk of EMF. In contrast to the other studies, our information emphasized the 
actions of the government regarding exposure to EMF, like prohibiting the building of a home 
under high-voltage power lines. Therefore, the information might not be seen as a cue for 
risk but more as standard information about the actions taken by the government.  

Emphasizing the independence from industry in policy information seems to raise 
some suspicions and lead to higher perceived risk and less acceptance of mobile phone 
base stations and power lines in the neighbourhood. This is in line with another study which 
showed that withholding information from the public can lead to increased distrust(135). Being 
open about economic interest of the government did not lead to a lower trust in government 
policy nor did it increase the risk perception of EMF. This is in contrast with a study on food-
related risks which showed that having vested interest as a government is a reason for 
people to distrust the government(127). In a democratic society, transparency of the 
government – and as a result informed participants – is required for meaningful participation 
in democratic processes(136). Furthermore, if some political decisions can have effects 
(related to health or otherwise) then participants should be able to appraise the likelihood of 
alternative actions for themselves. Transparency provides them with the information they 
need to make those assessments.  
 We also examined the relationship between trust in government policy and responses 
to power lines and mobile phone base stations. The information about EMF policy did not 
seem to affect trust. In the no information condition, we found that trust in government policy 
regarding EMF was strongly associated with the trust people had in government policy 
regarding new technologies in general. These findings are in line with other studies, which 
show that trust is largely influenced by previous actions, e.g. inadequate emergency 
response plan, implied involvement of industries(1,92). In our study, we provided people with 
new or already familiar information about the government policy regarding EMF. When 
people are confronted with new information, they try to fit this into their general mental model 
of government policies(137). This model is based on previous experience with a variety of 
technologies, and the government policy regarding these new technologies (e.g. protecting 
people against possible negative effects)(138). 

A major strength of this study is the experimental design which makes it possible to 
study the effect of subtle variances between different formats of information, because other 
factors can be controlled. However, generalizing these findings to a real-life setting is not 
feasible, as people will react differently when confronted with a real situation compared to a 
hypothetical one. In a real-life setting, the information might have a bigger impact on 
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evaluations and responses, as the information becomes more relevant, and people might 
read the information more thoroughly. Further research should be done in real-life settings, 
where people are confronted with an actual installation of either base stations or a power line 
in their neighbourhood and where they have to make a choice between accepting or 
protesting against it. Our findings may be used to improve communication on EMF 
government policy. They show that informing the public about policy is not necessarily seen 
as a cue for risk. It is important to be open about possible involvement of industry and 
economic interest on the part of the government. 
 
6.5 Conclusion 
Giving information about government policies regarding EMF does not lead to lower trust in 
government or higher perceived risk of public EMF sources. It seems important to 
communicate openly about economic interest and collaboration with industries, as any 
attempts to withhold this information are likely to raise risk perceptions and reduce 
acceptance of installation of public EMF sources. 
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Chapter 7  
Improving lay understanding of exposure to electromagnetic 
fields; the effect of information on perception of and responses 
to risk 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Claassen L, van Dongen D, Timmermans D. Improving lay understanding of exposure to 
electromagnetic fields. Submitted at Journal of Risk Research 2014 



 80

Abstract 
Studies show that, although many people are concerned about the potential health risks of 
being exposed to electromagnetic fields (EMF), lay understanding of exposure, an important 
determinant of risk perceptions and responses, is limited. In an online consumer panel 
(n=245), we tested the effects of providing people with information about EMF on lay 
understanding of exposure and perceptions and responses to risks, using an experimental 
2x2x2 design. Providing people with specific information explaining the distance-exposure 
relationship, clarifying EMF policy, or specifying personal exposure management options 
actions, resulted in a better understanding of exposure. We demonstrated that information 
provision as such, had no effects on concerns about EMF nor on perceived risk of personal 
sources, i.e. mobile phones, but lowered perception of risk of public sources, i.e. mobile 
phone base stations, and high voltage power lines. In addition, information explaining the 
distance-exposure relationship in combination with policy information, resulted in reduced 
self-reported risk aversive responses. Moreover, participants who understood more about 
exposure in relation to the distance to the source showed lower perceptions of risk, were less 
likely to restrict their own exposure, and more likely to accept new installations of public 
sources of EMF in their neighbourhood. In contrast, awareness that exposure was mainly 
determined by personal use of EMF sources corresponded with higher perceptions of risk 
from personal sources and more likely to restrict their own exposure. Our findings provide 
focal points for improving communication materials on EMF. In particular, we suggest to 
include information clarifying the distance-exposure relationship to improve understanding of 
exposure.  
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7.1 Introduction  
More than half of the European population has concerns about the health risks of being 
exposed to anthropogenic sources of electromagnetic fields (EMF), such as radiation from 
power lines, base-stations and mobile phones(39). These concerns together with the scientific 
uncertainties concerning the risks(26-28,30,140) have compelled many European countries to 
adopt a policy of prudent precaution towards EMF technology, for example by setting specific 
exposure limits(141-144). A crucial element in such a policy is the communication of potential 
risks to the public. EMF risk communication aims to adequately inform the public about EMF 
technology and EMF exposures, relevant scientific evidence concerning potential health 
risks, and exposure management actions.  
 Usually, public information on environmental risks is based on expert knowledge and 
takes on a public health perspective, based on technical assessments of risk and 
epidemiology. In the case of EMF, communication materials generally contain technical 
specifications about the physical characteristics of EMF and descriptions of the 
epidemiological evidence (see for example on the website of the World Health 
Organization(24)). Unfortunately, this type of information is often poorly understood, 
disregarded, or not considered personally relevant by lay people(139). Some critics have 
argued that communication strategies would be more effective if they fit with what people 
already know and belief about the risk and specifically address those aspects that people 
want and need to know to make informed decisions, for example the decision to use a mobile 
phone or take protective measures(138,139,145). This so called mental models approach 
integrates descriptive assessments and comparison of the science relevant to lay risk 
decisions, with lay knowledge and beliefs—in other words, lay mental models of the 
underlying hazardous processes. Key discrepancies between these two perspectives are 
candidate focal points for improving communication materials.   

In the last decades many studies have examined lay mental models of EMF 
risks(131,134,135,146-150). These studies show that although lay mental models often include 
concrete ideas about the possible detrimental effects of EMF to health, e.g. complaints such 
as sleeping problems and mood changes and increased cancer risk(134,147,149,150), lay 
understanding of exposure to EMF is lacking(134,135,147,150). In particular, people have 
erroneous conceptions about the relationship between distance to a source and their 
exposure. While they tend to overestimate exposure from a nearby mobile phone base 
station or a high voltage power line, they underestimate exposure from personal sources of 
EMF, such as a mobile phone held close to the head. There is also a lack of awareness of 
actions to mitigate exposure. That is, people know little about government policy and 
personal options and to manage or reduce exposure(131,134,135).  

Several studies show that a better understanding of exposure is associated with lower 
perceptions of risks of public sources of EMF, and more acceptance of these 
sources(102,134,135). However, research on the effectiveness of communication materials 
designed to improve lay understanding of EMF exposure showed mixed results. While it has 
been demonstrated that explaining the relatively limited exposure of public sources of EMF in 
relation to personal sources, for example with the use of visual aids, can improve people’s 
understanding of exposure(133,146,151), the effects on risk perception are inconsistent. Studies 
by Morgan et al.(146) and MacGregor et al.(40) showed that information explaining risks and 
exposure of EMF of electric equipment lead to modest increases in several dimensions of 
risk perception. In contrast, a study by Cousin and colleagues et al.(151) showed that health 
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concerns about mobile phones and base stations of participants after reading information 
explaining exposure, were lower than concerns of participants who had read a neutral text. 
Also, while providing people with information describing government policy and personal 
options to mitigate exposure can increase awareness of exposure management and increase 
perceptions of control over exposure(128,131). However, it can also have unintended effects, 
i.e. amplifying concerns and risk perceptions, and lowering acceptance of risk(42,129,131). It may 
be that besides increasing understanding of exposure, information about EMF exposure and 
actions to mitigate exposure is interpreted as an indication that there is a real threat. 
Moreover, as Barnett et al.(131) suggest, people may lack confidence in government policy 
and personal options to mitigate exposure.   

In the present study, we tested the effects of providing people with specific 
information about EMF exposure on exposure understanding and on risk perceptions and 
responses. Three information elements were tested: information on the relationship between 
the distance to the source and exposure, information about government policy on EMF, and 
information about personal options to manage or reduce EMF exposure. In addition, we 
examined to what extent risk perceptions and responses were explained by lay 
understanding of exposure. 
 
7.2 Method : 
7.2.1 Participants 
We approached participants through an on-line access consumer panel (20,000 members, 
ISO 20252 and ISO 26362 certified) consisting of a representative sample of the Dutch 
population. Participants received credits for partaking in the study, which could be 
exchanged for gifts.  
 
7.2.2 Procedure 
Participants were invited to take part in the online study which consisted of three consecutive 
parts. In the first part, participants answered questions concerning their ideas about health 
risks of several EMF sources to which people are exposed in daily life, i.e. mobile phones, 
base stations, and high voltage power lines. In the second part, participants were randomly 
allocated over different information conditions (see below), and asked to study the 
information. In the third part, participants were asked to evaluate the provided information 
and to answer the questions concerning their ideas about EMF health risks again. In 
addition, they answered questions about EMF exposure and mitigation. This part of the 
questionnaire also included anticipated responses to two scenario’s in which personal 
exposure to public sources of EMF was varied: installation of a base stations and of a high 
voltage power lines nearby.  
 
7.2.3 Information conditions   
All participants were first provided with basic information about the nature and sources of 
EMF and then received additional information depending on the allocated condition using a 
2x2x2 design. Each factor focused on one aspect of information. The first factor contained 
information about the distance-exposure relationship: one level in which no information about 
the distance exposure relationship was provided and the experimental condition in which the 
relationship was explained with visual illustrations. A similar approach was used for the 
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second factor government policy2, and the third factor; personal exposure management 
options (see also Appendix 1 for details).  
 
7.2.4 Measures  
Personal characteristics  
For each participant, we assessed gender, age and education level.  
 
Evaluation of information 
To check how participants evaluated the information we asked them to state their agreement 
with statements about the credibility (“Information is credible” and “Information is reliable”; 
Cronbach’s  alpha for internal consistency; α =.89 ), and clarity of the information 
(“Information is understandable” and “Information is clear”; α =.95) on a scale from 1(totally 
disagree) to 5 (totally agree). 
 
Lay understanding of exposure  
To assess understanding of the distance-exposure relationship, we tested participants 
performance on four exposure assessment tasks. Participants were asked to study the 
illustrations and subsequently tick the correct answer. Three illustrations portrayed a person 
in two comparable exposure situations. Participants’ task was to indicate in which of the two 
situations exposure was highest. A 4th illustration portrayed a person at various distances 
from a high voltage overhead power tower. Participants were asked to indicate at which 
distance (50, 100, 200 and 400 meters) the field strength of the EMF had declined to 50% 
(see also Appendix 2). Correct responses were scored as ‘1’, all other responses were 
considered incorrect and scored as ‘0’. Subsequently, we calculated a total score by 
summing up participants responses. Awareness of policy was calculated by averaging 
participants responses to the following  statements: “The government instigate research on 
the effects of electromagnetic radiation on health”,  “The government maintains standards for 
maximum levels of radiation”, “The government gives people a say in the installation of 
mobile phone base stations and high voltage power lines”. Participants were asked to 
indicate on a scale from 1 (definitely not) to 5 (definitely) to what extent they thought the 
statements were true (α =.67). In addition we assessed personal contribution to exposure, 
with a single item on a scale from 1 (definitely not) to 5 (definitely): “Specifically my own use 
of electrical, and mobile, and wireless products determine my exposure”. 
 
Perceptions of risk    
Four items, developed in a previous study (22), were used to assess EMF concerns and risk 
perceptions before and after information provision: concerns (“I am concerned about 
electromagnetic radiation in my environment”), mobile phone risk  (“I think that the 
electromagnetic field of a mobile phone is a risk to health”), risk of complaints near base 
stations (“I think electromagnetic radiation of base stations can cause complaints such as 
headaches”), and cancer risk near high voltage power line (“I think the electromagnetic fields 
of high voltage power lines raises the chance of developing cancer”). Participants were 

                                                 
2 In addition to general information on government policy on EMF, we tested two other versions 

containing the same information plus information about the transparency of government policy. 

These conditions were excluded from the analyses but will be discussed elsewhere.  
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asked to indicate on a scale from 1 (definitely not) to 5 (definitely) to what extent the 
statement applied to them.  
 
Responses to risk 
To assess exposure restriction actions, we asked participants if they were doing anything to 
restrict exposure to EMF. If they answered yes,  they were also asked to respond to the 
following statements on a scale from 1 (not at all) to 5 (definitely): “I try to use my mobile 
phone as little as possible”, “When making a mobile phone call I use a hands free set as 
much as possible” and  “I have restricted the electrical appliances in my bed room to a 
minimum”. We also assessed anticipated acceptance of EMF installations by asking 
participants to imagine themselves that: “a new base station is installed at about 250meters 
from your house”, and “high voltage power lines are installed at about 250meters from your 
house”. Subsequently, we asked the participants to indicate for both scenario’s to what 
extent they agreed with the following statement “I would be fine with the installation in my 
neighbourhood” (α =.81 over both scenario’s) on a scale from 1(totally agree) to 5 (totally 
disagree).  
 
Statistical analyses 
First, we checked for socio-demographic differences between information conditions using χ2 
tests and analyses of variances (ANOVA’s). To test if all information conditions were equally 
evaluated, we also performed a manipulation check on credibility and clarity of information, 
using ANOVA’s. Next, we performed ANOVA’s to test whether the information elements 
improved lay understanding of exposure. In addition, we assessed within and between 
subject differences in concerns and risk perceptions before and after information provision, 
testing for main and interaction effects of the information elements using a Generalized 
Linear Model, repeated measures. We also assessed effects of the information elements on 
risk responses using logistic regression analyses and ANOVA. Lastly, we examined to what 
extent understanding of exposure and mitigation explained risk perceptions and responses, 
using multiple (logistic) regression analyses. 
 
7.3 Results 
Of the 522 participants that took part in the experiment, 245 were randomly assigned to the 8 
conditions discussed in this paper. Personal characteristics and risk perceptions of 
participants at baseline are presented in Table 1. Conditions did not differ on these 
characteristics.  
 
7.3.1 Credibility and clarity of information messages 
In general, participants evaluated information as credible (M=3.8, sd=0.7, scale 1 - 5) and 
clear (M=3.9, sd=0.7, scale 1-5). There were no differences in credibility 
(F(7,237)=0.970;p=.454) and clarity of information (F(7,237)=0.988;p=.440) between 
information conditions.  
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Table 1. Characteristics of participants (n=245)* 
 Mean (sd) N (%) 
Male    137 (56)  
Age in years 50 (16)  
Education level       

Primary school/ lower level of secondary school/ lower 
vocational training 
Higher level of secondary school/ intermediate vocational 
training 
Higher vocational training or university 

 
Perceptions of risk before information provision (range 1-5) 

Concerns 
Mobile phone risk 
Risk of complaints near base station 
Cancer risk near high voltage power line 

 
 
 
 
 
 

 
2.5 (0.9) 
2.6 (0.9) 
2.9 (1.0) 
2.8 (1.0) 

 
80 (36) 

 
86 (35) 
70 (29) 

 
 
 

* χ2 tests and ANOVA’s showed no significant differences between conditions (p<.05). 

 
7.3.2 Effects on lay understanding of exposure  
Main effects of information elements are presented in Table 2. As expected, the results show 
that participants who received information about the distance–exposure relationship 
performed slightly better on the exposure assessment tasks than participants who did not 
receive this information. Also, participants who had received information about government  
 
Table 2: Results of ANOVA: Effects of information elements on exposure understanding 
(n=245)1 

 Aspects of lay understanding of EMF exposure  

Information 
elements 

Exposure assessment 
 (scale 0- 4) 

Awareness of policy  
(scale 1-5) 

Personal 
contribution  
 (scale 1-5) 

M (sd) 
F(1,237) 
p-value 

M (sd) 
F(1,237) 
p-value 

M (sd) 
F(1,237) 
p-value 

Distance-exposure 
relationship 

F=38.344, p<.001 F=0.578, p=.448 F=19.854, p<.001 

- No information 
- Information  

0.4 (0.6) 
1.3 (1.1) 

 3.4 (0.7) 
3.3 (0.7) 

 3.2(1.0) 
3.7 (0.9) 

 

Government policy F=1.470, p=.227 F=5.796, p=.017 F= 0.003, p=.959 

- No information 

- Information 

1.0 (1.0) 
0.8 (1.0) 

 3.2 (0.6) 
3.4 (0.8) 

 3.5 (0.9) 
3.5 (1.0) 

 

Personal exposure 
management 
options 

F=5.935, p=.016 F=1.097, p=.296 F= 4.902, p=.028 

- No information 

- Information 

0.8 (0.9) 
1.0 (1.1) 

 3.4 (0.7) 
3.3 (0.8) 

 3.3 (1.0) 
3.6 (0.9) 

 

1 Numbers in bold indicate significance at p<.05 
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policy on EMF seemed more aware of this policy than participants that had not received this 
information. Likewise, participants who had received information about personal mitigation 
options or received information about the distance–exposure relationship were more aware 
of their own contribution to EMF exposure than participants who had not received this 
information. We also found a positive effect of information about personal exposure 
management options on performance on the assessment tasks. Participants who received 
information about their options performed better than participants who had not received this 
information. In addition, we found two interaction effects of information elements. Participants 
who had received information about personal exposure management options as well as 
information about government policy showed less awareness of policy (M=3.3, sd=0.9) than 
participants who had received policy information only (M=3.6, sd=0.7; F(1.237)=4.192, 
p=0.42). Participants who had received all three aspects of information showed the highest 
level of awareness of their personal contribution to exposure (M=4.0, sd=0.8, 
(F1,237)=5.803, p=.017). 
 
7.3.3 Effects on perceptions of risk 
Within and between subject effects of information on risk perceptions are presented risk are 
presented in Table 3. After the provision of information, EMF concerns and perceived risk of 
mobile phones had not changed significantly. However, risk perceptions of public sources of 
EMF risk were lower than before information provision, i.e. perceived risk of health 
complaints near base stations and perceived cancer risk near high voltage power line. Main 
effects of information elements on risk perceptions were not significant. In addition, there 
were no significant interaction effects.  
 
Table 3:  Results of GLM, repeated measures: Main effects of information on perceptions of 
risk (n=245) 1  

 Perceptions of risk (scale 1 -5) 
 Concerns 

 
F(1,237), p-

value 

Mobile phone 
risk 

 
F(1,237), p-

value 

Risk of complaints 
near base station 
F(1,237), p-value 

Cancer risk near 
power line 

F(1,237), p-value 

Change in perception 
(∆M)  
before-after information 

∆M<0.1, sd =0.7 
F=.001;p=.975 

∆M <0.1, sd=0.6 
F=2.081;p=.150 

∆M=-0.1, sd=0.6 
F=11.145,p=.001 

∆M=-.0.1, sd=0.6 
F=6.189;p=.014 

Information elements:   
• Distance-exposure 

relationship 
• Government policy  

• Personal exposure 
management options 

 
F= .755, p=.386 
 
F=2.130, p=.146 
F= .076, p =.783 

 
F=.225, p=.635 
 
F=.250, p=.618 
F=.624 ,p=.430 

 
F=.227, p=.634 
 
F=.432, p=.512 
F=.483, p=.488 

 
F=.596 ,p=.441 
 
F=1.175, p=.279 
F=.544, p=.462 

1 Numbers in bold indicate significance at p<.05 

 
7.3.4 Effects on responses to risk 

Only 18% of all participants (n=45) affirmed that they did something to restrict 
exposure. They minimized EMF appliances in the bedroom (M=3.9, sd=1.0, scale 1-5) and 
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reduced the use of mobile phones (M=3.7, sd=1.1, scale 1-5). The use of a hands free set 
while making a call was less popular (M=2.8, sd=1.4, scale 1-5). Logistic regression showed 
that there was a main effect of information about the distance-exposure relationship 
(Exp(B)=.11; p=.042) on self-reported exposure restriction. Of the participants who received 
information about this relationship, only 14% affirmed that they tried restrict exposure 
compared to 23% of the participants who did not receive this information. There were no 
effects of the other information conditions.  

Anticipated acceptance of an new EMF installation in the neighbourhood was below 
scale midpoint (M=2.5, sd=0.9, scale 1-5), indicating relatively low acceptance. There were 
no main effects of information conditions on anticipated acceptance. However, there was a 
three-way interaction effect of all information elements (F(1,237)=4.837;p=.029). Participants 
who received information about the distance–exposure relationship and information about 
government policy but did not receive information about personal options to reduce exposure 
were most likely to accept a new EMF installation in their neighbourhood. 
 
Table 4: Results of regression analyses testing the effects of aspects of lay understanding on 
risk perceptions and responses1  
 Aspects of lay understanding of exposure  Model summary  
 Exposure 

assessment 
β (p-value)2 

Awareness of 
policy 
β (p-value) 

Personal 
contribution 
β (p-value) 

F(3,241)(p-
value)3 

Risk 
perceptions 

Concerns 

Mobile phone 
risk 

Risk complaints 
near base 
station 

Cancer risk near 
power line EMF 

 

-.112 (.092) 

-.161 (.015) 

-.261 (<.001) 

 

-.323 (<.001) 

 

-.172 (.007) 

-.116 (.067) 

-.141 (.024) 

 

-.126 (.040) 

 

.114 (.086) 

.231 (<.001) 

.118 (.069) 

 

.172 (.007) 

 

4.190 (.006) 

6.127 (<.001) 

8.134 (<.001) 

 

11.514 (<.001) 

Risk responses 

Exposure 
restriction 
actions 

Acceptance of 
EMF 
installations 

 

.676 (.038)2 

 

.166 (.014) 

 

1.102 (.669)2 

 

.084 (.194) 

 

1.572 (.021)2 

 

-.004 (.953)  

 

8.266 (.041)3 

 

3.224 (.023) 

1 Numbers in bold indicate significance (p <.05). 
2 For logistic regression on exposure restriction actions, numbers indicate Exp(B). 7.4  
3 For logistic regression on exposure restriction actions, numbers indicate χ2

(3). 
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7.3.5 Explaining perceptions of and responses to risk 
Results of the (logistic)regression analyses (see also Table 4) indicated that the aspects of 
lay understanding of EMF exposure contributed to explained variance in EMF risk 
perceptions and responses. In general, EMF concerns and risk perceptions were lower in 
participants who performed better on the exposure assessment tasks, demonstrated higher 
awareness of policy, and reported lower awareness of their personal contribution to 
exposure.  

In addition, self-reported exposure restriction actions were more likely in participants 
who performed worse on the exposure assessment tasks and who more strongly believed 
that their own use of EMF appliances mainly determined their exposure. Acceptance of new 
EMF installations was higher in participants who performed better on the exposure 
assessment tasks.  
 
Discussion 
In this study, we demonstrated that providing people with information about EMF exposure 
increased lay understanding of exposure and did not raise concerns about electromagnetic 
radiation nor raised perceived risk of mobile phones. It did however, lower the perception of 
risk of mobile phone base stations and high voltage power lines.  

Our findings correspond with the findings of studies by Cousin et al.(128,151) and show 
that it is feasible to inform the public about EMF technology, exposure and policy without 
increasing concerns.  We found no evidence to support the findings of previous studies that 
information about EMF exposure, especially information about mitigation policy, is 
considered as a sign that the hazard of exposure to EMF poses a real threat thereby 
amplifying concerns and risk perceptions and lowering the acceptance of risk(40,42,129,131).  

In line with Read and Morgan(133), we found that explaining the distance-exposure 
relationship with the use of visual aids, improved people’s performance on EMF exposure 
assessment tasks. In combination with policy information, this reduced self-reported 
exposure restrictions, such as minimizing EMF appliances in the bedroom and reducing the 
use of mobile phones, and increased acceptance of public sources of EMF. Further, 
participants with a better performance on the exposure assessment tasks had lower 
perceptions of risk, and were less likely to report exposure restriction and more likely to 
accept new EMF installation in their neighbourhood. A study by Cousin et al.(151) found similar 
results. However, in that study the information included both distance–exposure information 
and information about mitigation, and it was unclear which part of the information was most 
effective. Our findings not only imply that EMF risk-aversive decisions, are specifically 
informed by a lack of understanding of the distance-exposure relationship but also that is 
relatively easy to improve this understanding. Notably, although performance on the 
exposure assessment tasks was better in participants who had received graphic information 
explaining exposure, performance remained far from optimal. These findings suggest that the 
graphic information was not optimally processed. It is possible that participants were not 
sufficiently motivated or that prior beliefs about exposure were highly resistant to change. 
Another plausible explanation is that the graphics were (still) too complex.  

Informing the public about options to manage exposure led to increased awareness of 
people’s own contribution to exposure, for example by using mobile phones. Moreover, 
participants who more strongly believed that their own use of EMF appliances mainly 
contributed to exposure perceived the health risks of mobile phones as higher and were 
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more inclined to affirm that they were doing something to restrict exposure. Interestingly, 
people who were more aware of their own contribution were also more likely to think that 
exposure to electromagnetic fields of high voltage power lines raises the chance of 
developing cancer. It is plausible that this is the result of underlying personal dispositional 
factors(152) that explain both a stronger awareness of one’s own contribution to exposure as 
well as a high perceived cancer risk near a high voltage power line.  
 Some limitations need to be addressed. First, the effects of the information elements 
on risk perceptions and responses were relatively small, reducing the practical significance of 
the findings. Prior ideas about exposure and mitigation may be stable and resistant to 
change. Second, although the consumer panel used for this study resembles the general 
population, the sample will be subject to self-selection bias. On the one hand members of a 
consumer panel are more motivated to participate in the study (because of the credits). On 
the other hand they are less likely to consider the information personally relevant and 
therefore may not adequately process the information. Another aspect limiting the 
generalizability of the results, is the use hypothetical scenario’s to elicit anticipated 
responses. Such scenarios are poor surrogates of everyday life situations. When people are 
actually confronted with new EMF installations in their neighbourhood other factors, such as 
visual intrusion and a reduction of property values, may affect acceptance irrespective of 
exposure understanding.   

As participants did not seem to fully grasp the informational meaning of the graphics 
used to explain exposure, it is worth to consider designing and testing more comprehensible 
materials (e.g. animations). Further research is also needed to tests communication 
materials in a real-life setting in which information about exposure is more relevant to 
decision making. For example, a situation in which people have to decide to accept or protest 
against new installation of mobile phone bases stations in their neighbourhood. 

According to the mental models approach, risk communication materials should 
address aspects that people want and need to know to make informed decisions, for 
example the decision to take precautionary measures against EMF exposure or to protest 
against placement of public sources of EMF. These decisions are affected by how people 
understand EMF exposure. This study shows that it is relatively easy to improve this 
understanding. Our findings offer insights in how to improve communication materials on 
EMF. In particular, we suggest that communication materials should include information 
clarifying the distance-exposure relationship to improve understanding of exposure.   
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Appendix I  
 
Basic information 

 
 
Electromagnetic fields are all around us. For example, sunlight has such a field. An important 
property of these fields is the wavelength or frequency (waves per second). The frequency 
determines the practical purpose (see picture above). Fields with a frequency higher than 
that of sunlight, such as UV and X-rays are also referred to as radiation. Fields with such 
high frequencies, can be harmful to the health .There are also electromagnetic fields with 
frequencies much lower than that of sunlight . For these frequencies no health effects have 
been demonstrated although  there are still uncertainties. Low frequency fields are 
everywhere electricity is used. For example, in the vicinity of power lines, but also near a 
vacuum cleaner or electric shaver. We also use similar fields to send wireless information by 
mobile phones, baby monitors, Wireless LAN, radio and television. The strength of an 
electromagnetic field is determined by the ability of the source and the distance from the 
source. The higher the power of the source, the stronger the electromagnetic field. The 
farther from the source, the weaker the field. 
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Additional information depending on the allocated c ondition 
I  Explaining distance –exposure relationship  
Field strength high voltage power Lines   
 
 
 
 
 
 
 
 
 
The strength of the electromagnetic field declines rapidly with distance. When the distances 
doubles, the strength of the field is reduced by 75%. Assuming that field strength at 20 
meters from is 100%, than field strength at 40 meters is only 25% and at 80 meter only 6% of 
the initial strength (see picture above). 
 
Making a mobile phone call   

 
The electromagnetic field of a base station also declines rapidly with distance. If you make a 
mobile phone call at 100 meter form a base station with the phone to your ear, your exposure 
to the field of your mobile phone is higher (arrow A in the picture), than the field of the base 
station (arrow B). Exposure is also higher when your mobile phone is getting a weak signal 
and thus has to transmit with more power. For example, if you are far away from a base 
station or in shielded room (indoors, underground, in a train etc.)  
 
What has the biggest impact on your exposure? 
 
 

 
 
Domestic appliances, TV, computer, wireless and mobile phones at short distances have 
more impact on exposure than base stations and high voltage power lines at 100 meters 
away. 

 

100% 25% 6% 

Field strength 

Installations 
further away 

Appliances 

close by 

Less impact More impact 

 A 

B 

100 meter 
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II Government policy to mitigate exposure 
 
What is the government doing with respect to electr omagnetic fields? 
 
Research 
The government invests in the distribution of knowledge regarding electromagnetic fields and  
research on possible health effects.  
 

Standards 
As there is no certainty that electromagnetic fields of electricity and wireless communication 
are harmless, the government has adopted a precautionary approach, with rules for 
maximum exposure.  No houses should be build under or near high voltage power lines, and 
the field strength a few meters from a mobile phone base station should be below a certain 
level. Furthermore, the strength of the electromagnetic fields of a mobile phone and 
electronic devices are not allowed above a maximum value.   
 
Information and participation 
The government has attracted several professionals to monitor the developments on 
electromagnetic fields and to inform the Dutch citizens about these new developments. At 
the end of this questionnaire a link to the website with this information is added. 
When high voltage power lines are installed in the neighbourhood, or mobile phone base 
stations are installed on houses, residents are informed about this (via house to house 
magazines). Furthermore, meetings are organised to give residents the opportunity to object 
or complain. 
 
 
III Exposure management options 
 
What can you do to reduce your own exposure to electromagnetic fields? 
Mobile phone  
Besides making no or fewer calls and turning off your phone when you’re not using it, you 
can reduce exposure by putting the phone on speaker while making a call. Exposure can 
also be reduced by minimizing exposure at locations with poor connection. For example, at 
shielded places such as in cars, trains, basements, and elevators. 

Other electrical appliances 

You can also reduce exposure to electromagnetic radiation by making less or shorter use of 
electrical appliances such as wireless phones (DECT), electrical toothbrush, and electrical 
shaver. Also, you can place for example the radio alarm clock further away from the head 
end of your bed. 
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Appendix 2:  
 
Strength of electromagnetic radiation  
 
Study the illustrations below.  
Please state for each of the three following situations in which picture the amount of radiation 
to which the portrayed person using a mobile phone is exposed is highest.3  
 
1.  

 
 
 
 
 
 
 
 
 
The amount of radiation to which the portrayed 

person using a mobile phone is exposed is highest:  
�  In picture A (outside at 300m from the base station) 

�  In picture B (in a house at 300m from the base station) 

�  Is about the same in both pictures  
 
2.  
 

The amount of radiation to which the portrayed 
person using a mobile phone is exposed is highest:  
�  In picture A (at 300m from the base station) 

�  In picture A (at 600m from the base station)4 

�  Is about the same in both pictures  
 

                                                 
3 Correct anwers are marked   
4  Based on Cousin et al. 2011. Assuming that the caller in the picture makes their call within the 
transmission beam of the base station. 
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3.  
 
 
 
 
 
 
 
 
 

The amount of radiation to which the portrayed person is exposed is highest:  

�  In picture A (outside at 100m from the high voltage pylon) 

�  In picture B (in a house while vacuuming without a pylon in the vicinity) 

�  Is about the same in both pictures  
 

4.  
At the base of the high voltage pylon (see arrow) the strength of the electromagnetic filed is 
100%. Please indicate at what distance from the base the strength of the field reduced is by 
50%?  

De strength of the pylon is reduced by half:  

�  Before point A at less than 50 meters distance5 

�  At point B at 100 meters distance  

�  At point C at 200 meters distance  

�  At point D at 400 meters distance 
 

 
 
 

                                                 
5 Based on Morgan et al. 1990. Field strengths decrease exponentially with distance. The field 
strength at the base of a 380 kV or 220 kV high voltage power line is about 5µT. Within 20-30 meters 
from the base the field strength is reduced to 2.5µT.    

base base base base 
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Chapter 8  
Discussion 
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8.1 Introduction 
Electromagnetic fields (EMF) are present everywhere in the environment. Devices emitting 
EMF are mobile phones, microwave ovens, cordless phones, high-voltage power lines, 
mobile phone base stations, MRI scanners, and metal detectors. Little is known about what 
the general Dutch population’s view is on EMF and these sources. On the one hand, the 
Eurobarometer(39), a cohort study on the perception of Europeans on the possible health 
effects of EMF, showed that the Dutch are one of the least concerned Europeans when it 
comes to EMF. Only a very small minority of the Dutch think that EMF from high-voltage 
power lines, mobile phones, and mobile phone base stations affect their health to a large 
extent. On the other hand, Dutch newspapers and news programmes regularly report on 
protests against the installations of mobile phone base stations and high-voltage power lines 
near houses, and the use of mobile phones by children(100). Protest groups demand better 
protection of citizens against EMF by, for example, taking down mobile phone base stations 
and putting high-voltage power lines underground. They point out that other European 
countries, like Belgium and Germany, adopt a precautionary approach and accuse the 
government of being mainly interested in economic gains from EMF technology(152).  

The Eurobarometer(39) also showed that countries with the highest concerns among 
citizens about EMF reported the lowest trust in public authorities to protect them from 
possible health effects. Previous studies showed that people who have little trust in 
authorities to regulate a risk perceive risks as much higher than people who have more trust 
in authorities(20,22), and showed that people with little trust in authorities responsible for 
regulating base stations asked for more regulations than people with high levels of trust(18). 
Trust in risk regulation is linked to perceptions of voluntariness and control over risk. When 
people think they have little choice in being exposed to a potential hazard they feel less 
control over exposure, perceive the risk of this hazard as higher(45), and prefer more hazard 
regulation(46) than when they think they have more control(1,22,43). White et al.(46) suggests that 
when the risk is perceived as uncontrollable, people do not feel they can implement 
behaviours that will reduce their risk. As a result, people demand that policy makers regulate 
exposure levels. However, it is not exactly clear how risk perception of different sources of 
EMF is related to individual characteristics, and what the relationships are between risk 
perception, trust, perceived control, and risk responses.  

In this thesis we studied how the Dutch population perceives the risk of EMF and 
different sources of EMF, and which individual characteristics might explain differences in 
perception between people. Additionally, we will discuss the relationships between the 
factors of trust in government policy, perceived control and risk perception. The study 
consisted of two complementary parts. We first explored the factors that are important to risk 
perception and responses, using a questionnaire which was based on findings from focus 
group interviews and a literature study of earlier research on EMF and other (environmental) 
topics, such as nuclear power and nanotechnology. Data of the questionnaire was collected 
among four different groups: the general public, security officers, MRI radiographers, and 
individuals with idiopathic environmental intolerance to EMF (IEI-EMF). We described how 
risk perception of EMF and different sources of EMF varies among different groups of 
people. We specifically looked at two different occupational groups who regularly work with 
either equipment with a strong EMF (MRI radiographers) or with a weak EMF (security 
officers) (see Chapter 2). We also looked at differences between people who report being 
sensitive to EMF and people who do not consider themselves sensitive to EMF (see Chapter 



97 
 

3). In addition, we examined the relationships between risk perception, risk responses, trust 
in government risk regulation, perceived control over exposure, perceived benefits of the 
different sources of EMF, and ambiguous feelings towards sources of EMF were examined 
(see chapter 4 and 5).  

In the second part of the study, we performed an experiment to test the effects of 
providing information about EMF risk and exposure, and governmental risk regulation on the 
public’s perceptions and responses to EMF. In this online experiment, participants received 
different kinds of information on governmental actions, an explanation of exposure to EMF 
sources, and personal management of exposure to EMF. In chapter 6, the effect of 
information about governmental risk regulation is discussed. In chapter 7, the effect of 
information about the distance – exposure relationship of EMF and about exposure 
management is described.  

In this final chapter, the main findings are discussed by addressing the research 
questions, followed by the study’s strengths, limitations and directions for further research. 
This chapter closes with the conclusions and key messages. 
 
8.2 Discussion of the main findings 
In this section, the main findings are discussed by answering the three research questions as 
stated in the introduction of this thesis. First, we describe how the general Dutch population 
and people working with EMF perceive the risk of EMF, and which factors explain differences 
in perception between people. In the second part, relevant determinants of risk perception 
and behavioural responses to sources of EMF are explored. In the third part, the effect of 
information about risk and risk regulation on risk perception and responses is examined.  
 
Research question 1: How do people perceive and respond to different sources of EMF?  
Our results showed that 25% of the general Dutch population do not consider EMF to be a 
risk to health. On the other hand, 25% of the population think that EMF poses a risk to 
health. Moreover, 7% of the population believe they are sensitive to EMF. Public sources of 
EMF (high-voltage power lines and mobile phone base stations (GSM and UMTS)) are 
generally perceived as having a higher risk than personal sources (mobile phone, DECT, and 
microwave oven). Other studies showed similar differences in risk perception between public 
and personal sources of EMF(20,39,41).  

Only a small minority (7%) of the general population reported to have taken measures 
to protect themselves against EMF, e.g. using the mobile phone less, not placing a cordless 
phone or mobile phone near the bed. However, around 40% of the general population 
reported they will protest against an installation of high-voltage power lines or mobile phone 
base stations near their homes. 
 
Research question 1a: How do people working with sources of EMF perceive these sources 
of EMF? 
We specifically looked at two occupational groups regularly working with EMF equipment to 
explore to what extent occupational exposure to EMF affects risk perception. To our 
knowledge, this is the first study on this subject. We included MRI radiographers, who work 
with equipment with EMF strengths close to the exposure limit (i.e. MRI scan), and security 
officers, who work with equipment with EMF strengths far below the exposure limit (i.e. metal 
detector). MRI radiographers’ perceptions of the risk of EMF in general, but also of the MRI 
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scan, metal detectors, and all other sources, were lower than those of security officers. In 
addition, MRI radiographers reported fewer EMF-related health concerns. These findings 
suggest that risk perception is not related to EMF exposure level. Factors that may explain 
the lower risk perception and concerns of MRI radiographers are the level of voluntariness of 
being exposed to EMF, and technical knowledge about exposure to radiation. MRI 
radiographers know for certain, when choosing this job, they will work with a MRI scan and 
may therefore be more inclined to accept all aspects of their job, including high levels of EMF 
exposure. Also, MRI radiographers are educated about exposure to radiation and have 
technical knowledge about EMF. Security officers do not specifically choose to work with a 
metal detector, have less technical knowledge and are poorly educated with regard to EMF.  
 
Research question 1b: What are the differences between people with Idiopathic 
Environmental Intolerance of EMF (IEI-EMF) and the general population (including people 
with self-reported sensitivity to EMF)? 
Only 7% of the participants (general population) in this study believed they are sensitive to 
EMF. This is much higher than the 1.5% found in Sweden(9), but lower than the 10% in 
Germany(7). Some people specifically label themselves as hypersensitive to EMF because 
they experience negative health effects of being exposed to EMF. The World Health 
Organization (WHO) labels this as idiopathic environmental intolerance to EMF (IEI-EMF), 
but does not officially recognise it as a disease. We compared people with IEI-EMF, a group 
of people who were registered at a non-governmental organisation as being hypersensitive, 
with people from an online consumer panel, representative of the general population. 
Compared to the general population, people with IEI-EMF were more concerned about their 
own health and reported having more types of non-specific symptoms and suffering from 
these more frequently. They also perceived a higher risk of EMF and were more likely to 
attribute their symptoms to environmental causes, such as EMF and air pollution. Other 
studies on IEI-EMF(60) and chemical sensitivity(70,72) showed similar findings. Additionally, we 
compared people with IEI-EMF with participants from the general population who believed 
they were sensitive to EMF. There was a higher percentage of women within the IEI-EMF 
group. Furthermore, the IEI-EMF group was higher educated and older than the participants 
from the general population who believed they are sensitive to EMF.  
 
Research question 2: What are the relevant determinants of risk perception and behavioural 
responses to sources of EMF? 
Previous studies showed that perceived risk of EMF is different for different sources of EMF. 
Personal sources of EMF, such as mobile phones, are perceived as being less risky than 
public sources, such as mobile phone base stations(20,41). Also, as reported above in answer 
to research question 1a, MRI radiographers’ perceptions of EMF risk were lower than those 
of security officers working with metal detectors. These differences cannot be explained by 
results of a technical assessment of risk, i.e. higher exposure to EMF. Concerns about risks 
are related to sensitivity to technical, social and psychological qualities of hazards that are 
not taken into account in technical risk assessments, such as dread and uncertainty, inequity 
in the distribution of risks and benefits, and aversion to being involuntarily exposed to risks 
that are not under one’s control(16). Since people have little choice to being exposed to EMF 
from high-voltage power lines and mobile phone base stations, they feel less in control. The 
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use of personal sources of EMF, such as mobile phones and microwave ovens, is voluntary 
and controlled, which is likely to result in lower perceptions of risk.  

Furthermore, lack of trust in risk management is recognized as an important 
determinant of risk perception. In this context, trust is defined as ‘the willingness to rely on 
those who have the responsibility for making decisions and taking actions related to the 
management of technology or other realms of public health and safety’(22). People who 
distrust risk-regulating authorities perceive a much higher risk than people who trust these 
authorities(20,22). In the focus group interviews about determinants of EMF risk perception – 
held at the start of the project (data not reported) – people mentioned similar factors such as 
having negative or ambivalent feelings about specific sources of EMF, lack of control over 
exposure, and lack of trust in government.  

High perception of risk is generally associated with risk aversive responses. For 
example, risk perception influences acceptance of nuclear power stations(49) and mobile 
phone base stations(48). Also, people who use a mobile phone infrequently perceive higher 
risks than people who use it frequently(20). In addition, people who distrust risk-regulating 
authorities and therefore perceive a higher risk demand more risk regulations than people 
who trust these authorities(18). 

In the present study, we examined the relationships between perceived risk of various 
EMF sources, perceived control over EMF exposure, trust in government policy regarding 
electromagnetic fields (EMF), and responses to the possible EMF health risk (e.g. protest 
against the placing of mobile phone base stations or power lines, or taking own measures 
against EMF exposure). We found that risk perception not only explained variations in risk 
responses but also mediated the relationship between trust in government policy and risk 
responses. Especially in people with low perceived control over exposure, a lack of trust 
enhanced risk perceptions, thereby increasing their inclination for risk-aversive responses. 

For mobile phone base stations, we also looked in more detail at the relationship 
between feelings, perception of risks and benefits, and risk responses. The results showed 
that intentions to protest against the installation of base stations are best explained by high 
perceptions of risk and low perceived benefits of mobile phone base stations. Independent of 
risk perceptions and perceived benefits, negative feelings are also associated with a higher 
intention to protest.  
 
Research question 3: What is the effect of information on risk perception and responses? 
According to previous research, information about risk and risk regulation can influence the 
perceptions of risk, trust and risk acceptance(42,128-131). Based on the findings from the 
questionnaire study, we developed different types of information about risk and risk 
regulation and tested the effects of providing different types of information about risk and risk 
regulation on the evaluation of government policy regarding EMF, risk perception, and the 
understanding of exposure. We found that information emphasizing government 
independence of industries (which, instead of enhancing trust, was expected to make the 
information and actions of the government less credible) resulted in lower trust in 
government policy (although not significant), higher risk perception, and less acceptance of 
installations of mobile phone base stations and high-voltage power lines in the 
neighbourhood, compared to information that clarified the potentially conflicting roles of the 
government – protecting public health but also profiting from auctioning EMF frequencies.  



 100

Providing people with information explaining the distance-exposure relationship, 
informing about personal exposure management options, or informing about government risk 
regulation regarding EMF resulted in a better understanding of exposure and lowered 
perception of risk of mobile phone base stations and high voltage power lines. In addition, 
participants who received information explaining the distance-exposure relationship in 
combination with policy information, were less likely to restrict their own exposure, and more 
likely to accept new installations of public sources of EMF in their neighbourhood. 

 
8.3 Methodological reflections 
8.3.1. Strengths 
The combination of focus group interviews, a questionnaire study and an experiment made it 
possible to obtain more insight into how people think about EMF. The focus group interviews 
gave insights about people’s ideas about potential health risks of EMF, their knowledge 
about EMF and their expectations of the government and employers with regard to 
regulations of exposure of citizens and employees to EMF. Using a questionnaire we were 
able to quantify and study relationships between different factors. In the experiment, we were 
able to test whether these factors could be influenced by presenting information about 
controlling exposure and governmental risk regulation. 
 
8.3.2. Limitations and directions for further research 
Before generalising the results, there are some limitations that need to be addressed. Firstly, 
the study was performed among the Dutch population. Generalising the results to other 
countries and cultures should not be done without taken this into account. Also, we included 
only two occupational groups in our study. More research is needed to generalise our 
findings to other occupationally-exposed groups, for example groups who are exposed to 
high levels of EMF, e.g. welders and employees at electrolysis factories. Furthermore, 
research is needed to develop efficient communication strategies to inform employees, by 
assessing information needs of employees, and testing the perception of the information. 
Secondly, the findings discussed in chapters 2 through 5 present cross-sectional data and 
therefore cannot show causal or dynamic relationships between the variables. Further 
experimental and longitudinal research is needed to verify the presumed causal and dynamic 
relationships. Thirdly, we developed the questionnaire partly using questionnaires from other 
research on risk perception, but not all scales were validated, for example the trust questions 
used from Siegrist’s(18) research. And lastly, another aspect limiting the generalisability of the 
results is the use of hypothetical scenarios in our experiment to elicit anticipated responses. 
Such scenarios are poor surrogates for everyday life situations. People will react differently 
when confronted with a hypothetical situation compared to a real situation. Participants are 
less likely to consider the information as being personally relevant and therefore may not 
process the information adequately. Also in real life, other factors, such as visual intrusion 
and a reduction of property values, may affect acceptance irrespective of exposure 
understanding. Further research should therefore be done in real-life settings, where people 
are confronted with an actual installation of either a base station or a power line in their 
neighbourhood and are compelled to make a choice of accepting or protest against it. 
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8.4 Conclusion  
Firstly, EMF risk perceptions and responses vary widely across sources and people. These 
variations cannot be explained by technical assessments of risk such as epidemiology and 
exposure levels, but rather by factors such as voluntariness and perceived control over 
exposure, knowledge of EMF, trust in government policy on risk regulation, perceived 
benefits of, and general feelings towards EMF technology.  
 Secondly, compared to people who do not believe being sensitive to EMF, people 
with IEI-EMF are more inclined to attribute physical symptoms, not only to EMF but also to 
other external factors, such as air pollution and chemicals(70,72). It is unclear whether people 
with IEI-EMF are more sensitive to environmental agents in general or more inclined to 
search for external sources in general as causes of their symptoms.    

Thirdly, aversive behavioural responses i.e. protest intentions and protective behaviour, 
e.g. avoiding use of mobile phones or microwaves, are mainly determined by risk 
perceptions. However, independent of risk perception, negative feelings towards EMF and 
having little trust in risk-regulating authorities are also predictive of aversive responses. 

Fourthly, perceived risk mediates the relationship between trust in government policy and 
risk responses. Especially in people with low perceived control, a lack of trust in government 
policy enhances perceptions of health risks, thereby increasing their inclination for risk 
responses. 

And lastly, for the government it seems important to communicate transparently about 
economic interest and cooperation with industries, since any attempt to withhold this 
information is likely to reduce trust, raise risk perceptions, and reduce acceptance of 
installation of public EMF sources. Furthermore, providing people with information clarifying 
the distance-exposure relationship improves understanding of EMF exposure, thereby 
preventing uninformed concerns and reducing risk-aversive behavioural intentions. 
 
8.5 Key recommendations 
Five recommendations can be made based on the results from this study for communicating 
about possible health risks of EMF to lay people.  
 
8.5.1. Explain exposure and exposure mitigation options to the general public 
A proper understanding of the distance-exposure relationship is linked to a perception of 
control and a lower perception of risk. We recommend that governmental websites should 
provide information about EMF exposure expressed in language that is easy to understand, 
and put more emphasis on measures that people can adopt to lower their own exposure to 
EMF, thereby resulting in people perceiving a higher control over exposure and lower risks. 
 
8.5.2. Address non-technical aspects of risk in communication about EMF 
Qualitative risk assessments are considered by people to be more important than technical 
assessments of risks. Factors such as voluntariness and perceived control over exposure, 
trust in government policy on risk regulation, perceived benefits of, and general feelings 
towards, EMF technology should be addressed in communicating about risk.  
 
8.5.3. Develop communication materials tailored to people with IEI-EMF 
This study showed that people with IEI-EMF differ in views of EMF and symptom attribution 
from the general population and have a lower trust in the government. Therefore, people with 
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IEI-EMF might need different information. More research is needed to design credible 
information materials that specifically address the information needs of people with IEI-EMF.  
 
8.5.4. Improve communication about policy and government involvement in risk regulation  
Low trust in the government in combination with low perceived control over exposure is 
related to a higher perception of health risks of public sources of EMF, and is likely to induce 
protests on the part of citizens. Transparent communication about potential conflicting 
interest of the government and making it more known to the public that the government has 
an active role in regulating EMF technology and its potential risks (e.g. monitoring risks, 
instigation of policies regarding exposure limits, and monitoring enforcement of these limits) 
could improve the trust in government risk regulations. If people are more aware of the 
government’s involvement, they may have more trust in risk regulation and lower their 
demands for exposure reduction by the government.  
 
8.5.5. Improve risk communication towards employees 
The differences in (health) risk perception between groups occupationally exposed to EMF 
(MRI radiographers, security officers, and general working population) cannot be explained 
by exposure level. Besides clarifying the level of (occupational) exposure to EMF, 
communication about EMF exposure should be focussed on perceived risks of employees. It 
is important for employers to monitor possible worries among employees, even if the 
occupational exposure to EMF is minimal. 
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Summary 
Although there is no convincing evidence supporting the case for negative health effects 
caused by electromagnetic field (EMF) sources, like mobile phones, base stations, and high-
voltage power lines, there are still concerns among lay people that the EMF emission is 
linked to cancer and other negative health effects. Moreover, some people attribute somatic 
reactions such as dizziness and headaches to being exposed to EMF. Understanding 
perceived risk of EMF of lay people – including their concerns about and symptom 
attributions to EMF – may help to improve the risk communication by experts and may lead 
to a better informed public. This thesis aims to provide insight into the determinants of and 
differences in perceived risk of EMF and concerns of the public, of people with health 
complaints attributed to EMF, and of occupationally exposed people. In this thesis, aspects 
associated with the technologies itself (e.g. perceived benefits, perceived control, perceived 
exposure, perceived health risk), characteristics of the people (e.g. knowledge about the 
risks, reporting non-specific health complaints, symptom attribution) and social aspects (i.e. 
trust in authorities, and reactions towards the measures taken by authorities) will be 
examined. 
 
In this thesis the following questions are addressed. 
1. How do people perceive and respond to sources of EMF, i.e. mobile phones, microwave 

ovens, digital enhanced cordless telecommunications (DECT), MRI scanners, metal 
detectors, Global System for Mobile Communications (GSM) base station, Universal 
Mobile Telecommunications System (UMTS) base station and power lines? 

a. How do people working with sources of EMF perceive and respond to these 
sources of EMF? 

b. What are the differences between people with Idiopathic Environmental 
Intolerance of EMF (IEI-EMF) and the general population (including people with 
self-reported sensitivity to EMF)? 

2. What are the relevant determinants of risk perception and behavioural responses to 
sources of EMF? 

3. What is the effect of information on risk perception and responses? 
 
We collected the data in two steps. First, we developed a questionnaire to learn more 

about perceived risk and aspects of perceived risk of different EMF sources among the 
general population (n=1009), different occupational groups (MRI radiographers (n=193) and 
security officers (n=106)), and people with IEI-EMF (n=116). With this questionnaire we also 
aimed to determine the prevalence of non-specific symptoms attributed to EMF and 
responses to risks of EMF. Second, we developed an experiment with a 2x2x4 factorial 
between subject design (n=527) to investigate the effect of information about risk regulation, 
distance-exposure relation, and personal control on perceived risk and responses.  
 
In chapter 2 , we described differences regarding risk perception, feelings towards, and 
health concerns regarding EMF and (occupational) sources of EMF among three 
occupational groups, e.g. the general working population, security officers, and MRI 
radiographers. This study showed that although MRI radiographers work with equipment 
(MRI scan) emitting EMF levels closer to the exposure limits than the general working 
population and the security officers, they still perceived EMF and EMF sources as less 
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hazardous for health. Ratings of the security officers did not differ much from the general 
working population. We suggest that knowledge of EMF in general and voluntariness of 
exposure of different EMF sources might be of more importance in predicting the perceived 
health risk of EMF, than the level of occupation exposure to EMF. It is important to keep this 
in mind when informing employees about possible risk of EMF on health and not presume 
that employees are not worried when working with sources far below the exposure limit.  
 
In chapter 3 , we examined differences in perceptions of health and EMF between people 
from general population (reporting sensitivity or non-sensitivity to EMF), and people who 
registered at a nongovernmental organisation (NGO) as being sensitive to EMF. In addition, 
we examined the relationship between attributing non-specific symptoms (e.g. headaches, 
dizziness, muscle aches) to EMF and the self-reported intensity of these symptoms. This 
study showed that people sensitive to EMF and recruited via an internet panel differed from 
people who registered at a NGO. The latter reported more non-specific symptoms and also 
suffering  at a higher frequency of these symptoms. Furthermore,  a positive association was 
found between attribution of symptoms to EMF and the intensity of the non-specific 
symptoms: the more the symptoms were attributed to EMF, the more people were suffering 
of non-specific symptoms.  
 
In chapter 4 , we studied the relationship between people’s trust in government policy 
regarding EMF and people’s responses to risks of EMF and different EMF sources (i.e. 
mobile phones, cordless phones, microwave ovens, mobile phone base stations and high 
voltage power lines). In addition, the effect of perceived risk, perceived benefits, and 
perceived control on this relationship was examined. This study showed that high trust in 
government policy was associated with low risk responses, such as protest against the 
installation of mobile phone base stations and/or less use of mobile phones. Trust was also 
negatively related to risk perception, which in turn was positively related to risk responses. 
The relationship between trust and risk responses was weakened by risk perception, which 
indicates that risk perception might be a mediator for trust and risk responses. For public 
sources (mobile phone base stations and power lines), perceived control over exposure 
weakened the negative relationship between trust and perceived risk. We conclude that, 
especially in people with low perceived control, a lack of trust in government policy may 
enhance perceptions of health risks, thereby increasing their inclination for risk responses by 
lowering their exposure to EMF. 
 
In chapter 5 , we made a comparison between people who are mostly positive, mostly 
negative, ambivalent or indifferent towards mobile phone base stations on how they perceive 
the risks and benefits of base stations, and to what extent they would protest against 
installation of a base station near their house. Also, the relationship between feelings, 
perceived risk, perceived benefit and protest intentions are examined. More than 40% of the 
participants had predominantly positive feelings, while only 21% had predominantly negative 
feelings. A quarter had both strong positive and negative feelings. The data showed that the 
mix of feelings, i.e. both strong negative and strong positive feelings, is associated with high 
perceived risk as well as high perceived benefits, which seems to level each other out in 
relationship to protest intention, leading neither to strong nor weak protest intentions. 
Therefore, people with mixed feelings show similar levels of risk perception as people with 
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predominantly negative feelings, but less intention to protest. Having mixed feelings towards 
mobile phone base stations seemed to be related to having mixed feelings towards other 
sources of EMF, i.e. mobile phones and high voltage power lines, too. 
 
In chapter 6 , we examined the effect of providing different formats of information about 
government policy on risk perception and acceptance of the installation of a mobile phone 
base station (MPBS) or power lines. In an online study respondents were offered different 
formats of information on government policy: no information, standard policy information, 
standard policy information while emphasizing the independence of the government for the 
industry, and standard policy information with information about the government’s economic 
interest regarding EMF. The results showed that information is not necessarily seen as a cue 
for risk: providing information about government policy does not raise risk perception or lower 
acceptance of the installation of a MPBS in the neighbourhood. Furthermore, clarifying 
government’s potential economic gains has more positive effects, such as perceiving a 
MPBS near a house as lower risk for health, than emphasizing the independence from 
industry. We conclude that as the government has a duty to inform the public, it is best to be 
transparent about potential conflicts of interests. 
 
In chapter 7 , we discussed the effects of three sorts of information - explaining exposure to 
sources of EMF, about mitigation policy, and about options available to reduce exposure - on 
lay understanding of exposure, awareness of mitigation policy, perceived control over 
exposure of EMF, and risk perception. In an online consumer panel, the effects of providing 
people with information about EMF on lay understanding of exposure and perceptions and 
responses to risks were tested, using an experimental 2x2x2 design. The data showed that 
providing people with specific information explaining the distance-exposure relationship, 
clarifying EMF policy, or specifying personal exposure management options actions, resulted 
in a better understanding of exposure. Information provision as such, has no effects on 
concerns about EMF nor on perceived risk of mobile phones but lowered perception of risk of 
mobile phone base stations and high voltage power lines. In addition, information explaining 
the distance-exposure relationship in combination with policy information, resulted in reduced 
self-reported risk aversive responses. Moreover, participants who understood more about 
exposure in relation to distance to source showed lower perceptions of risk, were less likely 
to restrict their own exposure, and more likely to accept new installations of public sources of 
EMF in their neighbourhood. In contrast, awareness that exposure is mainly determined by 
personal use of EMF sources corresponded with higher perceptions of risk and stronger risk 
aversive responses.  
 
In the final chapter, chapter 8 , the findings of the previous studies are discussed, and 
recommendations for employers, government and for further research are addressed. 
Overall, we found that EMF risk perceptions and responses vary widely across sources and 
people. These variations are not explained by technical assessments of risk such as 
epidemiology and exposure levels, but rather by voluntariness and perceived control over 
exposure, knowledge of EMF, trust in government policy on risk regulation, perceived 
benefits of, and general feelings towards EMF technology. In addition, we showed that risk 
aversive behavioural responses e.g. protest intentions and avoiding use of mobile phones or 
microwaves, are mainly determined by risk perceptions. Furthermore, perceived risk 
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mediates the relationship between trust in government policy and risk responses. Especially 
in people with low perceived control, a lack of trust in government policy enhances 
perceptions of health risks, thereby increasing their inclination for risk responses. However, 
independent of risk perception, negative feelings towards EMF also predicted aversive 
responses. For the government it seems important to communicate transparently about 
economic interest and cooperation with industries, since attempts to withhold this information 
is likely to reduce trust, raise risk perceptions, and reduce acceptance of installation of public 
EMF sources. Also, providing people with information clarifying the distance-exposure 
relationship improves understanding of EMF exposure, thereby preventing uninformed 
concerns and reducing risk-aversive behavioural intentions. 
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Samenvatting 
Alhoewel er geen overtuigend bewijs is dat bronnen van elektromagnetische velden (EMV), 
zoals mobiele telefoons, zendmasten en hoogspanningslijnen, negatieve 
gezondheidseffecten hebben, maken sommige mensen zich nog steeds zorgen dat EMV 
kanker en andere negatieve gezondheidseffecten veroorzaakt. Sommige mensen schrijven 
zelfs niet specifieke klachten, zoals duizeligheid en hoofdpijn, aan de blootstelling van EMV 
toe. Het begrijpen van de risicoperceptie van leken, inclusief hun zorgen om en het 
toeschrijven van symptomen aan EMV, kan helpen bij de risico communicatie van experts en 
kan leiden tot een beter geïnformeerde maatschappij. Dit proefschrift heeft als doel inzicht te 
brengen in de determinanten van en verschillen in risico perceptie van EMV en zorgen van 
mensen in het algemeen, van mensen die hun gezondheidsklachten toeschrijven aan EMV, 
en van mensen die beroepsmatig blootgesteld worden aan EMV. In dit proefschrift worden 
de aspecten die samenhangen met de technologieën zelf (zoals perceptie van voordelen, 
controle, blootstelling en gezondheidsrisico’s), eigenschappen van mensen (zoals kennis van 
de risico’s, rapporteren van niet specifieke gezondheidsklachten, toeschrijven van klachten) 
en sociale aspecten (zoals vertrouwen in de overheid en reacties op genomen maatregelen 
door de overheid) onderzocht.  
 
In dit proefschrift worden de volgende vragen behandeld: 
1. Hoe zien en reageren mensen op de bronnen van EMV, namelijk mobiele telefoons, 

magnetrons, draadloze huistelefoons, MRI scanners, beveiligingspoortjes, GSM 
zendmasten, UMTS masten en hoogspanningslijnen? 

a. Hoe zien en reageren mensen die met bronnen van EMV werken deze bronnen 
van EMV? 

b. Wat zijn de verschillen tussen mensen met Idiopathische Environmental 
Intolerance van EMV (IEI-EMV) en mensen in het algemeen (inclusief mensen die 
zelf rapporteren gevoelig te zijn voor EMV)? 

2. Wat zijn relevante determinanten van risico perceptie van en reacties op bronnen van 
EMV? 

3. Wat is het effect van informatie op risico perceptie en reacties? 
 
De data is in twee stappen verzameld. Als eerste ontwikkelde we een vragenlijst om meer 
over de risico perceptie en onderdelen van risico perceptie van verschillende bronnen van 
EMV te leren bij het algemeen publiek (n=1009), verschillende beroepsgroepen (MRI 
laboranten (n=193) en beveiligers (n=106), en bij mensen met IEI-EMF (n=116). Met deze 
vragenlijst wilden we ook de prevalentie van niet specifieke symptomen die aan EMV 
toegeschreven worden bepalen en de reacties op de risico’s van EMV. Als tweede 
ontwierpen we een experiment (2x2x4 factorial between subject design, n=527) om de 
effecten van informatie over risico regulatie, afstand-blootstelling relatie, en persoonlijke 
controle te onderzoeken op risico perceptie en reacties. 
 
In hoofdstuk 2  beschreven we de verschillen in risico perceptie, gevoelens en 
gezondheidszorgen ten opzichte van EMV en (beroepsmatige) bronnen van EMV bij drie 
verschillende beroepsgroepen, namelijk de algemene werkende populatie, beveiligers, en 
MRI laboranten. Dit onderzoek toonde dat alhoewel MRI laboranten werken met een 
technologie met een EMV niveau dichter tegen het blootstellingslimiet aan dan het algemeen 
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publiek en de beveiligers, zij het gezondheidsrisico toch lager ervaren van EMV en bronnen 
van EMF. De beveiligers verschilden hier weinig in vergeleken met het algemeen werkende 
publiek. We stellen voor dat de kennis over EMV in het algemeen en de vrijwillige 
blootstelling aan de verschillende EMV bronnen meer van belang zijn bij het voorspellen van 
de risico perceptie van EMV dan de hoogte van beroepsmatige blootstelling aan EMV. Hier 
zou rekening mee gehouden moeten worden als werknemers geïnformeerd worden over 
mogelijke gezondheidsrisico’s van EMV. Werkgevers moeten niet zomaar vanuit gaan dat 
werknemers zich geen zorgen maken als zij werken met EMV bronnen die ver onder het 
blootstellingslimiet zitten.  
 
In hoofdstuk 3  onderzochten we de verschillen in gezondheidsperceptie en EMV tussen 
mensen uit de algemene populatie (die aangeven gevoelig of niet gevoelig te zijn voor EMV) 
en mensen die zich geregistreerd hebben als zijnde gevoelig zijn voor EMV bij een niet 
overheidsinstantie (NGO). Daarbij onderzochten we de relatie tussen het toeschrijven van 
niet specifieke symptomen (zoals hoofdpijn, duizeligheid en spierpijn) aan EMV en de zelf 
gerapporteerde intensiteit van deze symptomen (hoe vaak men deze symptomen per week 
ervoer). Deze studie toonde aan dat mensen die aangeven gevoelig te zijn voor EMV en via 
een internet panel gerekruteerd zijn verschillen van mensen die zich geregistreerd hebben bij 
een NGO. De laatste groep rapporteerde meer niet specifieke symptomen en leden ook 
vaker aan deze symptomen. Tevens hebben we een positieve relatie gevonden tussen het 
toeschrijven van symptomen aan EMV en de intensiteit van de niet specifieke symptomen; 
hoe meer men de symptomen toeschreef aan EMV, hoe meer men leed aan de symptomen.   
 
In hoofdstuk 4  bestudeerden we de relatie tussen vertrouwen in het overheidsbeleid en de 
reactie van mensen op de risico’s van EMV en verschillende bronnen van EMV (mobiele 
telefoons, draadloze huistelefoons (DECT), magnetrons, mobiele telefoon zendmasten en 
hoogspanningslijnen). Daarbij onderzochten we het effect van de perceptie van risico’s, 
voordelen en controle op deze relatie. Dit onderzoek toonde aan dat veel vertrouwen in het 
overheidsbeleid samenhing met weinig reactie op risico’s, zoals protesteren tegen de 
plaatsing van een mobiele zendmast en/of minder gebruik van de mobiele telefoon. 
Vertrouwen was ook negatief gerelateerd aan risico perceptie, die op zijn beurt positief 
gerelateerd was aan reacties op risico’s. De relatie tussen vertrouwen en reacties op risico’s 
werd verzwakt door de risico perceptie, wat duidt op dat risico perceptie wellicht een 
mediator is tussen vertrouwen en reacties op risico’s. Bij publieke bronnen (zendmasten en 
hoogspanningslijnen) verzwakte de perceptie van controle de negatieve relatie tussen 
vertrouwen en risico perceptie. De conclusie is dat, vooral bij mensen die weinig gevoel van 
controle over de blootstelling van EMV hebben, gebrek aan vertrouwen in het 
overheidsbeleid wellicht de perceptie van gezondheidsrisico’s verhoogd en daarmee hun 
neiging versterken tot reactie op deze risico’s, door de blootstelling te verlagen.     
 
In hoofdstuk 5  vergeleken we mensen die overwegend positieve, overwegend negatieve, 
ambivalente of onverschillige gevoelens hadden ten opzichte van mobiele telefoon. Ook 
werd de relatie tussen gevoel, perceptie van risico en voordelen, en intentie tot protesteren 
onderzocht. Meer dan 40% van de deelnemers had overwegend positieve gevoelens ten 
opzichte van zendmasten, terwijl maar 21% overwegend negatieve gevoelens had. Een 
kwart had zowel sterke positieve als sterkte negatieve gevoelens. De data laat zien dat de 
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mix van gevoelens samenhangt met zowel een hoge perceptie van risico’s als een hoge 
perceptie van voordelen. Deze twee percepties lijken elkaars effect op te heffen in relatie met 
de intentie tot protesteren, en leiden tot zowel geen sterke als geen zwakke intentie tot 
protesteren. Daardoor hebben mensen met gemengde gevoelens eenzelfde niveau van 
risico perceptie als mensen met overwegend negatieve gevoelens, maar neigen ze minder te 
protesteren. Het hebben van gemengde gevoelens ten opzichte van zendmasten lijkt ook 
samen te hangen met het hebben van gemengde gevoelens ten opzichte van andere 
bronnen van EMV, zoals mobiele telefoons en hoogspanningslijnen. 
 
In hoofdstuk 6  onderzochten we wat het effect is van het geven van verschillende soorten 
informatie over overheidsbeleid op risico perceptie en het accepteren van de plaatsing van 
een mobiele telefoon zendmast of hoogspanningsmast. In een online onderzoek kregen 
deelnemers verschillende versies van informatie over overheidsbeleid aangeboden: geen 
informatie, standaard informatie, standaard informatie waarbij de onafhankelijkheid van de 
overheid ten opzichte van bedrijven werd benadrukt, en standaard informatie waarbij de 
economische belangen van de overheid ten opzichte van EMV werden toegelicht. De 
resultaten lieten zien dat informatie an sich niet gezien werd als een teken van risico: het 
geven van informatie over het overheidsbeleid verhoogde niet de perceptie van het risico en 
verlaagde niet de acceptatie van de plaatsing van een zendmast naast het huis. Het 
toelichten van de potentiële voordelen van de overheid had meer positieve effecten, zoals 
een lagere perceptie van gezondheidsrisico van een zendmast naast het huis, dan het 
benadrukken van de onafhankelijkheid van bedrijven. Aangezien de overheid de plicht heeft 
om de burgers te informeren, kan dit het beste gedaan worden door transparant te zijn over 
de mogelijke belangenverstrengeling.  
 
In hoofdstuk 7  bespraken we de effecten van drie soorten informatie, namelijk uitleg over 
blootstelling aan bronnen van EMV, over beleid, en over manieren om zelf blootstelling te 
verminderen, op het begrijpen van blootstelling, kennis van het beleid, perceptie van controle 
over blootstelling van EMV, en risico perceptie. De effecten van het geven van deze 
informatie werden getest bij een online consumenten panel, waarbij gebruik werd gemaakt 
van een experimenteel 2x2x2 ontwerp. We vonden dat het geven van informatie met uitleg 
over de afstand en blootstelling relatie, informatie met toelichting van EMV beleid, of 
informatie over persoonlijke blootstelling beheer opties, leidde tot een beter begrip van 
blootstelling. Het geven van informatie an sich had geen effect op de zorgen over EMV en 
ook niet op de risico perceptie van mobiele telefoons. Maar deze informatie verlaagde wel de 
risico perceptie van mobiele telefoon zendmasten en van hoogspanningslijnen. Tevens 
resulteerde het geven van informatie met uitleg over de afstand en blootstelling relatie in 
combinatie met beleidsinformatie tot een afname van zelf gerapporteerde risico vermijdend 
gedrag. Daarbij hadden de deelnemers die meer begrepen over de blootstelling in relatie tot 
afstand van de bron een lager risico perceptie, waren minder geneigd hun eigen blootstelling 
te verlagen en meer geneigd de plaatsing van een zendmast of hoogspanningsmast in de 
buurt van hun huis te accepteren. Daarentegen leidde de kennis dat blootstelling 
voornamelijk veroorzaak wordt door persoonlijk gebruik van EMV bronnen, eigen mobiele 
telefoon, magnetrons, DECT telefoon, tot hogere risico perceptie en sterkere risico 
vermijdend gedrag.   
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In hoofdstuk 8  bediscussiëren we de bevindingen van de voorgaande hoofdstukken en 
gaven we aanbevelingen voor werkgevers, de overheid en voor vervolg onderzoek. In zijn 
algeheel hebben we gevonden dat de risico perceptie van EMV en de reacties daarop sterk 
variëren tussen bronnen van EMV en tussen mensen. Deze variaties zijn niet te verklaren 
door technische aspecten van het risico, zoals epidemiologisch of blootstellingsniveaus, 
maar eerder door de vrijwilligheid van blootgesteld worden en perceptie van controle over de 
blootstelling, kennis van EMV, vertrouwen in het overheidsbeleid op risico regulerende 
maatregelen, perceptie van voordelen, en algemene gevoelens ten opzichte van EMV en 
bronnen van EMV. Tevens lieten we zien dat risico vermijdend gedrag, bijvoorbeeld intentie 
tot protesteren en het vermijden van het gebruik van mobiele telefoons of magnetrons, vooral 
bepaald lijken te worden door de risico perceptie. Verder bemiddeld risico perceptie de 
relatie tussen vertrouwen in het overheidsbeleid en reacties op het risico. Het gebrek aan 
vertrouwen in overheidsbeleid verhoogt de risico perceptie, vooral bij mensen met een lage 
perceptie van controle, en daardoor verhoogt hun intentie tot reactie op het risico. Echter, los 
van de risico perceptie, voorspellen ook negatieve gevoelens negatieve reacties ten opzichte 
van EMV. Voor de overheid is het belangrijk om transparant te communiceren over hun 
economische belangen en de samenwerking met bedrijven. Omdat het achterhouden van 
deze informatie hoogst waarschijnlijk het vertrouwen verlaagt, risico perceptie verhoogt en 
de acceptatie van een plaatsing van een publieke EMV bron (zendmast of 
hoogspanningslijn) verlaagt. Ook hebben we gevonden dat het geven van uitleg over de 
afstand en blootstellingsrelatie helpt bij het begrijpen van EMV blootstelling en dit bij mensen 
onwetende zorgen kan voorkomen en risico vermijden gedragsintenties kan verlagen.  
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