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Executive Summary of the RadoNorm Project 

EU member states, associated countries and the European Commission are implementing the 

European Basic Safety Standards Directive for radiation protection. The EU-funded RadoNorm project 

focuses on all radiation risk management cycle levels for radon exposure, as well as situations of 

exposure to naturally occurring radioactive materials (NORM). The project intends to reduce scientific, 

technical and societal concerns by introducing research and technical developments, integrating 

education and training (E&T) and disseminating the results of the project through targeted actions to 

the public, stakeholders and related institutions. RadoNorm directs research and development on all 

levels of the management cycle, combine biomedical and ecological research with mitigation 

development and social science research and bring together researchers from national radiation 

protection entities, universities and SMEs.  
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Executive Summary of this Report 

One of the objectives of the RadoNorm project is to develop health communication tools and methods 

for behaviour change, focusing on individuals as well as specific groups. This deliverable (D6.5) reports 

the research on determinants of people’s behaviour by following the Intervention Mapping Protocol. The 

deliverable provides evidence, collected by qualitative and quantitative methods on the most important 

determinants of (un)healthy behaviours such as: (not) doing a home radon test and (not) applying 

mitigation actions. For each of these behaviours there is a wide range of potential behavioural 

determinants for residents as well as specific target groups such as building professionals (e.g. 

contractors for remediation actions).  

Two systematic literature reviews analysed communication interventions, reported in scientific articles. 

Unfortunately, the results show a discrepancy in the available studies. The majority of the studies took 

place in the United States, with only some in Europe, and in Canada. The results show that the goals 

of interventions are mostly towards increasing testing behaviour, and increasing knowledge. How 

certain determinants predict behaviour was only elaborated on in four of the included campaigns. 

Looking at the strategy, most campaigns were facts-based and provided mere factual information. 

Literature, however, shows that people experience a bounded rationality and are susceptible to biases, 

heuristics, and emotions. Moreover, there is empirical evidence, that the most effective campaigns are 

those, which are designed for a specifically targeted audience. This literature review also shows a lack 

of other strategies such as the use of narrative persuasion or nudges. Also, in terms of channel 

selection, personal relevance seems to be crucial. While informative leaflets can increase knowledge, 

other approaches such as social networks and innovative technologies could increase personal 

relevance. 

The research reported in this deliverable also analysed radon communication stakeholders and their 

impact on the effect of communication interventions. Stakeholder levels were classified as being at 

either Micro (residential), Meso (community/local) or Macro (policy/national/international) level. Results 

show, that in terms of stakeholder engagement, the majority of studies involved only Meso level 

stakeholders in the intervention development and/or delivery. The most frequently involved stakeholder 

type was Research and Education, Health or Other, as reflected in Figure 1 below. Studies reporting 

Macro only interventions had higher average indoor radon testing rates in comparison to those involving 

Macro & Meso level stakeholders.  

In the quantitative part of this research, a CAWI survey was conducted with 300 Belgian respondents 

living in communities situated in radon prone areas in order to define determinants for testing and 

mitigation. A wide range of validated scales and items measuring potential determinants of behaviour 

were adapted and tested in relation to radon protective behaviour. More specifically, the relation 

between radon testing and mitigating behaviours and the following variables were analysed: awareness, 

risk perception, anticipated emotions, coping appraisal, perceived costs, perceived informed choice, 

subjective and descriptive norms, moral norms and the visual burden remediation implemented on a 

dwelling. In terms of radon awareness, most respondents indicated that they know what radon is, or at 

least have heard of it, mostly in terms of being a rare gas or a naturally radioactive gas. With regard to 

radon-related behaviour, the majority of respondents had not taken any action (testing or 

mitigation/remediation), despite living in radon prone areas. Significant correlations were found between 

behavioural change and a range of variables (anticipatory emotion- worry, coping or efficacy appraisal 

- self-efficacy, descriptive norms, subjective norms, moral norms, anticipated regret and conditional 

susceptibility). In line with previous research, no significant correlations were found between 

awareness/knowledge and risk perception on the one hand and an intention for behavioural change on 
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the other. More surprisingly, also perceived costs were not found to have a significant relation to 

intentions for behaviour change.  

Also results of two Focus Groups, reported in this deliverable, indicate importance of socio-

psychological determinants, for instance Information Motivation Behavioural constructs:  The focus 

group participants included households with (a) high indoor radon tests that did remediate, and (b) high 

indoor radon tests that did not remediate. Respondents discussed what they perceive as barriers and 

facilitators to radon-related protective behaviours (testing and remediation), how they evaluate existing 

communication initiatives about radon and how they think these could be improved (which senders, 

which messages, which channels, etc. should be used in future interventions). Results if the discussions 

point out the importance of (1) Information-Awareness, (2) Motivation, and (3) Behavioural Skills for 

testing and remediating the respondents’ dwellings. 

The Design thinking Method was explorative research in a radon-prone area in Belgium, and was 

guided by two questions: why is there a gap between awareness and behaviour in terms of radon 

remediation, and how can this gap be bridged? Preliminary results show, that there is a need for more 

health promotion on three levels, namely: regulations, economic policy instruments, and information. In 

addition, in terms of information, different types of communication are required in different stages of the 

behaviour process. More specifically, while personally relevant information is needed to grab people’s 

attention and emphasise the urgency of the health risks, factual information is needed to provide the 

right solution to the right people later on. The Design thinking Workshop also confirmed that 

participatory research is beneficial to engage the people at risk in the communication intervention 

design process.  
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1. Introduction  

In Task 6.2 of WP6 we follow a stepwise approach for the development of evidence-based radon health 

communication: the Intervention Mapping Protocol (Bartholomew et al., 2006). This protocol guides 

intervention developers through the process from “problem analysis” to “solution”. IMP is based on a 

socio-ecological approach of health-related behaviours, emphasises the necessity of stakeholder 

involvement, and underlines the importance of relying on (different types of) theories and empirical 

evidence (Kok, Peters & Ruiter, 2017).  

In this deliverable we describe the different steps that were taken to, on the one hand, summarise the 

literature on existing radon communication interventions (their scientific underpinnings, behavioural and 

change goals, target audiences/stakeholders, behavioural change techniques or communication 

strategies, evaluation), and, on the other hand, also gain new insights. To summarise the existing 

scientific knowledge, we conducted two systematic reviews: one that focused on the effectiveness of 

preventative indoor radon testing interventions and characteristics of the stakeholders involved in 

design and delivery of the interventions, and one that focused on mass media campaigns to increase 

indoor radon testing and remediation. New (and context specific) data were gathered by: a) conducting 

a survey on people’s radon-related behaviours and their determinants (in Belgium), b) conducting 

qualitative studies (i.e. online focus groups in Ireland and a design thinking workshop in Belgium), 

involving different stakeholders (e.g. home owners, local authorities, etc.), to discover what they 

perceive as barriers and facilitators to radon-related protective behaviours (testing and remediation), 

how they evaluate existing communication initiatives about radon and how they think these could be 

improved (which senders, which messages, which channels, etc. should be used in future 

interventions). 
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2. Systematic review on radon interventions 

2.1 Effectiveness of Preventative Indoor Radon Testing and Remediation 

Interventions and Characteristics of Stakeholders Designing and 

Delivering the Interventions: A Systematic Review 

Indoor radon is considered one of the primary causes of lung cancer in both smokers and non-smokers 

(Hahn et al., 2017; Hahn et al., 2014a; Lantz et al., 2013; WHO, 2009). Radon is a naturally occurring 

radiological gas produced by decaying uranium and emitted into the soil, air or water (WHO, 2009).  

Radon-associated lung cancer is considered preventable by performing indoor radon testing and 

remediating where there are high indoor radon levels (Hahn et al., 2014a).  

Household indoor radon testing and remediation rates are generally considered low despite repeated 

implementation of communication interventions. Interventions comprise strategies to influence or 

change a targeted behaviour in a particular population (Michie et al., 2013). Communication 

interventions use communication channels, such as mass media or passive displays, for disseminating 

the intervention to increase indoor radon radiation testing and remediation (Hevey, 2017; Lantz et al., 

2013; Lofstedt, 2019; Perko & Turcanu, 2020). 

A systematic review can provide an opportunity to identify potential common characteristics amongst 

studies reporting the targeted outcome. In our systematic review, we evaluated studies that reported 

indoor radon testing or remediation outcomes related to an indoor radon communication intervention. 

We further identified and compared reported study data on characteristics of the stakeholders who were 

involved with the development or delivery of the indoor radon communication intervention.  

For our analysis, we focus our investigation on stakeholders involved in developing and/or delivering 

the communication intervention. The stakeholder characteristics examined related to the level of the 

stakeholder and the type. Stakeholder levels were classified as being at either micro (residential), meso 

(community/local) or macro (policy/national/international) level. Stakeholder types included: Mass 

Media, Health, Research/Education, Radiological Safety, Federal/Central Government, and Realtors.  

This multi-level stakeholder characterisation facilitates analysis on whether the characteristics of the 

messenger (i.e., sender or communicator) of the communication intervention are related to the 

outcomes of indoor radon testing and remediation. Research indicates messenger characteristics can 

influence individual behaviour in a communication intervention (Dolan et al., 2012; Balog-Way et al., 

2020; Hallsworth et al., 2016).   

The present review examines the stakeholder characteristics of communication interventions that 

reported indoor radon testing and/or indoor radon remediation outcomes. A narrative synthesis 

approach was applied to the eligible studies. 

2.1.1 Methods 

We performed a search on November 30, 2020 in 16 databases, including Medline, APA PsychInfo, 

Cochrane, and CINAHL. A total of 1,902 abstracts resulted from application of a predefined search 

string. Following the PRISMA protocol, we then systematically reviewed the records in accordance with 

the PRISMA protocol and eligibility criteria (Moher et al., 2009; Page et al., 2021). Records were 

reviewed for reporting data on indoor testing and/or remediation and stakeholder involvement. We were 



RadoNorm 

 

 
   D6.5; Empirical study to identify change agents and communication effect in different  

approaches to behaviour change 

Dissemination level: PU 

Date of issue: 29.04.2022 

 

www.radonorm.eu                             Page 12 

D6.5 

unable to perform a meta-analysis due to insufficient data. Risk of bias was assessed applying the 

ROBINS-I criteria (Sterne, J.A. et al., 2016). We applied a narrative synthesis approach with descriptive 

statistics and analysis to summarise results based on stakeholder characteristics and reported 

intervention effectiveness.  

Indoor radon testing and remediation results were based on the reported number or percentage of study 

participants that tested for radon or completed indoor radon remediation. The results were considered 

to reflect the level of effectiveness of indoor radon communication interventions based on the reported 

data on indoor radon testing and remediation.  

2.1.2 Results 

We analysed 34 full text records, which reported either indoor radon testing (n = 25; 73.5%), indoor 

radon remediation (n = 9; 26.5%); of note, eight studies report both indoor radon testing and remediation 

rates. There was significant variation in the reported effectiveness of the indoor radon communication 

interventions. The interventions’ effectiveness ranged from <1% (200 participants) to 100% (36 

participants). There was a notable lack of indoor radon remediation intervention studies in comparison 

to indoor radon testing.  

In terms of stakeholder engagement, the majority of studies involved only Meso level (n = 21; 62.8%) 

stakeholders in the intervention development and/or delivery. The most frequently involved stakeholder 

type was Research and Education, Health or Other, as reflected in Figure 1 below. Studies reporting 

Macro only (n = 2) interventions had higher average indoor radon testing rates in comparison to those 

involving Macro & Meso (n = 8) level stakeholders. Our evaluation of study outcomes was hampered 

by methodological issues, including unreported or unclear data, low sample size, and poor study design. 

 

 

Figure 1 - Type of Stakeholder(s) Involved in Development/Delivery 
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Based on our systematic review, there is no clear indication of a relationship between the effectiveness 

of indoor radon communications and specific stakeholder characteristics (i.e., type and level). An 

increased number of experimental studies, with baseline data, would provide valuable information for 

evaluation of indoor radon communication interventions. In addition, we found possible evidence that 

inclusion of a Macro level stakeholder in the indoor radon communication intervention may increase the 

overall effectiveness of the outcome; however, more studies are needed to examine this possibility.   
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2.2 Clearing the Air: A Systematic Review of Mass Media Campaigns to 

Increase Indoor Radon Testing and Remediation (extended abstract) 

Full paper is accepted in Communications: European Journal of Communication Studies: 

Apers, S., Vandebosch, H., Perko, T. (2022). Clearing the Air: A Systematic Review of Mass Media  

Campaigns to Increase Indoor Radon Testing and Remediation [accepted]. Communications. 

Indoor radon is a natural radioactive gas that enters homes through cracks in the foundations. It is one 

of the leading causes of lung cancer (Darby et al., 2005; WHO, 2009). Although radon can be detected 

with an indoor radon test and can be mitigated by means of either ventilation or professional measures, 

testing and mitigating rates of the at-risk population remain insufficient (Dowdall et al., 2016).   

Health promotion is crucial to convince people to take action. Next to regulative measures and economic 

policy instruments, communication and persuasion is needed (Vedung,1998). However, communicating 

about radon has proven to be challenging due to the natural characteristics of the noble gas (Cheng, 

2016; Fisher & Johnson, 1990). The updated basic safety standards from the European Commission, 

require all member states to develop and implement a national radon action plan. One of the 

components is to develop a communication strategy to increase awareness about the risks related to 

radon among the public (Council Directive 2013/59/EURATOM, of 5 December 2013). 

As a means to facilitate the knowledge on the communication strategies, the objective of this study is 

to systematically review the current scientific evidence regarding mass media campaigns to address 

the health risks of indoor radon to homeowners. Mass media have shown to be effective in increasing 

awareness, beliefs, and behaviour. The systematic review started from the Intervention Mapping 

approach on the one hand, a framework to design and implement interventions based on theory and 

evaluation (Bartholomew et al., 2016); and the three main principles of campaign design (i.e. goals, 

strategy, and research), on the other hand (Snyder, 2007). 

A search strategy was developed in accordance with the Cochrane guidelines for systematic reviews 

(Higgins et al., 2020). All English, peer-reviewed papers reporting on empirical findings about 

communication interventions targeted at the general population and with the objective of increasing 

radon testing, radon mitigation, and its proximal determinants, were included. The search in ten 

databases resulted in 1,724 results. After screening, 40 papers remained, which equalled 27 

campaigns. The papers were analysed by means of tabulation of characteristics of the campaigns in 

terms of goals (i.e. objectives of the campaign), strategy (i.e. target group, messages, channel 

selection), and research (i.e. process evaluation, outcome evaluation) as proposed by Snyder (2007). 

First of all, the results show a discrepancy in the available studies. The majority of the studies took 

place in the United States (n = 22), with only four in Europe, and one in Canada. This can be explained 

by the delayed response to radon by Europe. In the United States, radon first came to the attention in 

1985 (George, 2015). Different states then started to implement legislation about mitigation companies 

and residential radon testing. In Europe, the relevance of radon was only proven in 2005 (Darby et al., 

2005), and the inclusion of radon in the basic safety standards happened in 2013 (Council Directive 

2013/59/EURATOM, of 5 December 2013).   

The results show that the goals are mostly towards increasing testing behaviour, and increasing 

knowledge. How certain determinants predict behaviour was only elaborated on in four of the included 
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campaigns. This shows a gap in theoretical underpinnings of how certain determinants predict 

behaviour. 

Looking at the strategy, most campaigns were facts-based and provided mere factual information. 

Literature, however, shows that people experience a bounded rationality and are susceptible to biases, 

heuristics, and emotions (Hevey, 2017). This also highlights the importance of personal relevance, 

which was also shown in the systematic review in the form of tailored campaigns. Campaigns were 

most effective when designed for a specifically targeted audience. In line with increasing personal 

relevance, this study shows a lack of other strategies such as the use of narrative persuasion or nudges. 

Also, in terms of channel selection, personal relevance seems to be crucial. While informative leaflets 

can increase knowledge, other approaches such as social networks and innovative technologies could 

increase personal relevance. 

Finally, concerning research, the systematic review shows some methodological challenges. Due to the 

adopted outcome evaluation methods, only ten campaigns were able to draw causal conclusions about 

the effectiveness of their campaign. This gap in literature should be addressed in order to be able to 

build on the knowledge and increase the growth within the field of radon communication. Additionally, 

more attention should be given to evaluation in all stages of campaign design, for instance, formative 

research and process evaluation (Glasgow et al., 1999; Noar, 2009). 

In conclusion, the answer to the research question “How can intervention programs promote radon-

related healthy behaviours amongst the residential population, by changing their personal 

determinants?” is threefold. First of all, theory is needed to define the target behaviours and related 

determinants. Behavioural change models are based on research and theory and should be used as a 

basis to develop communication campaigns to change behaviour. Second, personal relevant 

communication is likely to be more effective. Tailored campaigns, as well as campaigns that use 

emotions, narrative persuasion, and social networks are recommended. Finally, in order to be able to 

learn from the findings, evaluation methods should be carefully considered. Moreover, evaluation 

throughout the campaign design can increase the effectiveness as potential issues are ruled out early 

on. To conclude, further research is needed to test effective and innovative communication strategies 

to increase protective behaviour concerning indoor radon. 
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3. Identifying determinants of radon-related protective behaviour by 

a survey 

3.1 Introduction 

Indoor radon exposure is raising concerns due to its impact on health, namely its known relationship 

with lung cancer (Nunes, Curado, Graça, Soares, & Lopes, 2022), thus people living in radon prone 

areas are advised to test their dwellings for radon and implement protective measures, for instance 

remediate their house, in case radon measurement results exceed the reference level (Bochicchio et 

al., 2022). In order to motivate people to do so, authorities focus their interventions on increasing 

awareness related to radon by communication campaigns (Geysmans et al., 2022). 

Objective of this study is to identify determinants of radon-related behaviour on which those 

communication campaigns should focus in order to induce testing and mitigation behaviour of people 

under radon risk (RQ). In order to identify determinants for radon related behaviours (test and mitigate) 

a dedicated public opinion survey was conducted in 2021, using Mail to Computer-Assisted Web 

Interviewing (CAWI) on a representative stratified random sample of inhabitants in municipalities from 

high radon prone areas in Belgium. Respondents (n = 300) are representative of the (18+) Belgian 

population living in Wallonia’s municipalities in high radon prone areas, with respect to gender and age. 

Since many people in radon prone areas do not implement radon tests, neither remediate (Mc Laughlin, 

Gutierrez-Villanueva, & Perko, 2022), the dependent variables in this study are intention to test and 

intention to mitigate. Intention to behaviour change is often used as a predictor of actual behaviour, 

because it creates commitment to the intended behaviour (Icek Ajzen, Czasch, & Flood, 2009). In order 

to identify determinants for intention to behavioural change (intention to test and mitigate if advised) 

potential determinants from health protection theories were tested e.g. The Precautionary Adoption 

Process Model which was applied in a radon context (N. D. Weinstein & Lyon, 1999; N. D. Weinstein & 

man, 1992a), The Health Belief Model (Rosenstock, 1974), risk perception theory applied in radon 

research (Poortinga, Cox, & Pidgeon, 2008), Theory of Planned Behaviour (I. Ajzen, 1996) Extended 

Parallel Process Model in a radon context (Witte et al., 1998), The Information Motivation Behavioural 

Skills (IMB) Model (Fisher & Fisher, 2002), and risk communication theories (Smith, Desvousges, 

Johnson, & Fisher, 1990). For this, the following validated scales and items measuring potential 

determinants of radon protective behaviour were adapted to radon, and their influence on intention to 

behaviour change was tested: awareness, risk perception, anticipated emotions, coping appraisal, 

perceived costs, perceived informed choice, subjective and descriptive norms, moral norms and item 

measuring visual burden if remediation implemented on a dwelling. 

3.2 Method 

In order to identify different determinants potentially influencing radon related behaviours (testing and 

mitigating), a dedicated public opinion survey was conducted, using Mail to Computer-Assisted Web 

Interviewing (CAWI) from a stratified random sample, representative with stratification in terms of the 

total number of inhabitants in Wallonia’s municipalities with a high radon concentration (class 1b, 2a 

and 2b). The final sample of this survey consists of 300 respondents and is representative for the (18+) 

Belgian population living in Wallonia’s municipalities in high radon-prone areas, with respect to gender 

and age. The response rate was 7.6%. The interviews had an average duration of 15 minutes and were 

conducted in the period of December 2020 and January 2021 in French. 
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Variable 

  

Belgian population 

18+ 

(n = 9,180,601) 

% 

Unweighted survey 

sample 

(n = 300) 

% 

Weighted survey 

sample 

(n = 300) 

% 

Sex Male 

Female 

Other 

49.1 

50.6 

0.3 

50 

49.7 

0.3 

49.1 

50.6 

0.3 

Age 18-34 

35-54 

55+ 

26.5 

32.5 

41 

20.3 

36 

43.7 

26.5 

32.5 

41 

Table 1 - Socio-demographics of the sample, weighted and unweighted. 

The ethical approval for this study was issued by the ethical committee of the University of Antwerp in 

Belgium on 16th of December, 2020 (dossier number: SHW_20_77). This ethical committee reviewed 

and approved the following documents: the methodology of the study, invitation letter, consent form, 

the full questionnaire as well as the handling and processing of the contact information of the 

participants. The European Code of Conduct for Research Integrity and Research Ethics in 

Ethnography/Anthropology was applied to this research. 

In order to improve the scientific quality of the questionnaire, a steering committee was established, 

RadoNorm experts provided their expertise for the questionnaire, and a pilot study was conducted. The 

steering committee consisted of five members, each of them expert on specific aspects such as public 

opinion survey methodology, social behaviour, risk perception and nuclear waste policy and research. 

These members were: Prof. Dr. Britt-Marie Drottz Sjøberg (Norwegian University of Science and 

Technology, Norway), Prof. Dr. Ortwin Renn (University of Stuttgart, Germany), Prof. Dr. Peter Thijssen 

(University of Antwerp, Belgium), Dr. Frank Hardeman (Federal Agency for Nuclear Control, Belgium), 

and Mr. Geert Volckaert (Federal Agency for Nuclear Control, Belgium). There were two online 

consultations with WP6 members, task 6.1 related to the questionnaires. The following topics were 

discussed: objectives of the questionnaires, content, concepts, introduction text, item wording, 

answering categories and sequence of items. The questionnaires discussed were in English and 

translated in a later stage for a pilot study. Two members of the RadoNorm ethical committee 

participated in the final questionnaire consultation as well. A pilot study with 20 respondents was carried 

out as a pre-test of the survey in the period of June - July, 2020 with an online version of the 

questionnaire. The pilot study was conducted with new employees of the Belgian Nuclear Research 

Centre (SCK CEN) as well as with doctoral and postdoctoral researchers from University of Antwerp. 

3.2.1 Dependent variables and potential determinants measured by the survey 

1) Socio-demographic items (9 items); 2) Risk perception and confidence in authorities (12 items); 3) 

Uncertainty preference (8 items); 4) Items measuring determinants for radon related behaviour (41 

items measuring different concepts); 5) Actors in the nuclear field (18 items); 6) Knowledge about the 

nuclear domain and perception of radiation risks (8 items) 

Figure 2 visually represents the sequence of the topics included in the RadoNorm questionnaire. 
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Figure 2 - The sequence of sections in the questionnaire applied in high radon prone areas. 

3.2.2 Dependent variables: Measurement of behaviour and intention for behaviour change 

In our study the respondents first received an explanation (introduction) after which they were asked to 

respond to the following questions: Introduction: “To summarise, a building can be tested for radon; it 

can be remediated if there is radon detected; or there can be preliminary protective measures installed 

when the building is built. For instance, the new building has a special ventilation system from the 

beginning.”; Are there any of these actions related to radon indoors being applied in your household? 

Answering categories: Yes, No, I don’t know, NA; Those that responded as “Yes” were asked to respond 

“What kind?” with the following answering categories: “Test, Remediation, Preliminary protective 

measures in new building, Other (open)”. 

Baseline intention/behavioural change related to radon protection was measured in our study by the 

following three items adopted from LaTour & Tanner (2003) and D'Antoni et al. (2019): “I intend to test 

radon concentration in my home if advised by experts.”; “I intend to start the remediation of the home 

straight after I've obtained the results if advised by experts.”; “I would agree to install a radon removal 

system if advised by experts.” The answering categories consisted of a 5-point Likert scale ranging from 

“Strongly disagree” (1), “Disagree” (2), “Neither agree, nor disagree” (3), “Agree” (4) to “Strongly agree” 

(5) and “I don’t know” (9) answers. The three items resulted as one factor in a reliable scale with 

Cronbach's Alpha 0.916 and 86% of explained variance (n = 259 out of 300). 
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3.2.3 Independent variables: measurement of potential determinants of behaviour 

Radon awareness 

Radon awareness was measured by closed and open questions: Do you know anything about radon? 

With response categories “yes, I have heard something about it, and No”; Can you describe in a few 

words what you have heard about radon? (open question for those responding “Yes” and “I have heard 

something about it) 

Radon risk perception 

Radon risk perception was measured by the following item: "How do you perceive the potential risk to 

your health within the next 20 years from indoor air pollution due to radon”. The answering categories 

consisted of a 6-point Likert scale ranging from “no risk at all” (0), “very low” (1), “low” (2), “moderate” 

(3), “high” (4), “very high risk” (5), and “I don’t know”. 

Anticipatory emotion – worry 

The scale was adapted from McGlone et al. (2013). Also, in their studies they used two items and 

Spearman-Brown statistics (0.94) to measure the reliability. In our study the anticipatory emotion – 

worry was measured with the following two items: “Information about radon makes me nervous and 

tense about my health.”; “Information about radon makes me worry about the possibility of getting lung 

cancer.”. The answering categories consisted of a 5-point Likert scale ranging from “Strongly disagree” 

(1), “Disagree” (2), “Neither agree, nor disagree” (3), “Agree” (4) to “Strongly agree” (5) and “I don’t 

know” answers (9). The two items resulted in one factor in a reliable scale with Spearman-Brown 

statistics (0,743) and 79% of explained variance (n = 279 out of 300). 

Anticipatory emotion – severity 

The scale in our study was adapted from La Tour and Tanner (2003) and Witte et al.  (1998). In our 

study the anticipatory emotion – severity was measured with the following two items: To what extent do 

you agree or disagree with the following statements?; “Having high radon concentration in my house 

would NOT be a severe threat to my health.” “I believe that I can develop cancer if there is a high radon 

concentration in my home.” The answering categories consisted of a 5-point Likert scale ranging from 

“Strongly disagree” (1), “Disagree” (2), “Neither agree, nor disagree” (3), “Agree” (4) to “Strongly agree” 

(5) and “I don’t know” answers (9). The two items did not result in one factor and a scale since 

Cronbach’s alpha was only 0.534 and loadings of items were below 0.5 (n = 251 out of 300). 

Conditional/perceived susceptibility 

In our study, the scale was adapted from D’Antoni et al. (2019), Weinstein et al. (1991) and Niemeyer 

and Keller (1999). Anticipatory emotion – worry was thus measured with the following three items: How 

likely do you think it is that you will get sick if there is presence of radon in your home and you don't 

remediate it?; How likely do you think it is that people living in your region will get sick due to indoor 

radon concentrations if they don't remediate their homes?; How likely do you think it is that your own 

home has such an indoor radon concentration that you should do something about it? The answering 

categories consisted of a 5-point Likert scale ranging from “Very unlikely” (1), “Unlikely” (2), “Somewhat 

likely” (3), “Likely” (4) to “Very likely” (5) and “I don’t know” answers (9). The three items resulted on 

one scale with Cronbach’s alpha 0.816 and 73% of explained variance. However, loading of the item 

“you should do something” is on the limit of belonging to the same factor (0.488), (n = 229 out of 300). 
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Coping or efficacy appraisal: response efficacy 

The response efficacy scale was adopted from different studies (Dragojevic, Bell, & McGlone, 2014; 

Weinstein & Sandman, 1992a, 1992b; Weinstein, Sandman, & Roberts, 1990; Witte et al., 1998b). In 

our study the coping of efficacy appraisal – response efficacy was measured with the following four 

items: To what extent do you agree or disagree with the following statements?: “Home remediation 

offers effective protection against the radon hazard.”; “Home remediation will NOT protect me from lung 

cancer due to indoor radon.”; “I feel very confident that (if needed) a special ventilation system would 

eliminate the radon hazard from my home.”; “It is very difficult to reduce radon to a safe level in homes 

that have a radon problem.” The answering categories consisted of a 5-point Likert scale ranging from 

“Strongly disagree” (1), “Disagree” (2), “Neither agree, nor disagree” (3), “Agree” (4) to “Strongly agree” 

(5) and “I don’t know” answers (9). Unfortunately, the items do not correlate, so they together do not 

measure the latent construct response efficacy. Only the following two items resulted in one factor: 

“Home remediation offers effective protection against the radon hazard”; “I feel very confident that (if 

needed) a special ventilation system would eliminate the radon hazard from my home”. The two items 

resulted on one scale with Cronbach’s alpha 0.674 and 75% of explained variance. (n = 235 out of 300). 

Self-efficacy scale in this study was adopted from Rhodes, Blanchard, Matheson, and Coble (2006), 

Weinstein and Lyon (1999), and Weinstein, Lyon, Sandman, and Cuite (1998). In our study the coping 

of efficacy appraisal – self efficacy was measured with the following two items: “I am confident I would 

be able to test the indoor radon concentration in my home if I wanted to.”; “I am confident I would be 

able to remediate my home in order to decrease the indoor radon concentration if I wanted to.” The 

answering categories consisted of a 5-point Likert scale ranging from “Strongly disagree” (1), “Disagree” 

(2), “Neither agree, nor disagree” (3), “Agree” (4) to “Strongly agree” (5) and “I don’t know” answers (9). 

The two items resulted on one scale with Spearman-Brown coefficient 0.761 and 80% of explained 

variance. (n = 224 out of 300). 

Perceived costs 

The perceived costs scale was adopted from Hampson et al. (2006) and Sheeran (2014) and is 

measured by five items: “I believe that the cost for remediation of my home to reduce the indoor radon 

concentration is … (on a 7-piont scale ranging from Free of costs to Very high)”; “The procedure for 

testing the radon concentration at home is …”; “The procedure for remediating my home is …”; 

“Obtaining personal advice from a local expert on how to control the radon concentration in my home 

is …”; “Obtaining personal advice from responsible authorities on how to control the radon concentration 

in my home is …” on a 7-point scale ranging from Very easy to Very complicated. The five items resulted 

on one scale with Cronbach’s alpha 0.855 and 64% of explained variance (n = 121 out of 300). 

Anticipated emotions 

The scale anticipated emotions – regret was adopted from Hampson et al. (2006) and Sheeran (2014). 

In our study, the construct “Anticipated regret” is measured by two items: I would feel regret if I had not 

remediated my home against radon and ended up getting lung cancer; I would be ashamed not to 

remediate my home if indoor radon levels exceeded the limits. The answering categories consisted of 

a 5-point Likert scale ranging from “Strongly disagree” (1), “Disagree” (2), “Neither agree, nor disagree” 

(3), “Agree” (4) “Strongly agree” (5) and “I don’t know” answers (9). The two items resulted on one scale 

with Cronbach’s alpha 0.786 and 82% of explained variance (n = 260 out of 300). 
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Perceived informed choice 

The scale perceived informed choice was adopted from Weinstein and Sandman (1992a) and (1992b). 

In our study measured with four items: “I don't feel well informed about which actions are needed related 

to indoor radon levels”; “There is enough information for me to be able to decide whether or not I should 

perform a radon test at home.”; “Information about radon and its health effects is still too uncertain to 

take actions based on it.”; “I am confident that in the case of exceeded levels of indoor radon in my 

home, I will find the information needed to protect myself and my family.” The answering categories 

consisted of a 6-point Likert scale ranging from “Strongly disagree” (1), “Disagree” (2), “Neither agree, 

nor disagree” (3), “Agree” (4) to “Strongly agree” (5) and “I don’t know” answers (9). Factor analysis 

showed that one item (confident in finding information if necessary) doesn’t load on one factor. The 

other three items resulted on one scale with Cronbach’s alpha 0.802 and 72% of explained variance (n 

= 248 out of 300). 

Subjective norms 

The scale subjective norms were adopted from Turcanu et al. (2014). Subjective norms are measured 

with the following two items: “Most people who are important to me (family, friends) are in favour of me 

testing the indoor radon levels in my home”; “Most people who are important to me (family, friends) are 

in favour of me remediating my home if the indoor radon levels would exceed the limits.” The answering 

categories consisted of a 5-point Likert scale ranging from “Strongly disagree” (1), “Disagree” (2), 

“Neither agree, nor disagree” (3), “Agree” (4) to “Strongly agree” (5) and “I don’t know” answers (9). The 

two items resulted on one scale with Cronbach’s alpha 0.634 and 73% of explained variance (n = 202 

out of 300). 

Descriptive norms 

The scale descriptive norms were adopted from Peterson and Howland (1996), Weinstein, Sandman, 

and Roberts (1991) and Rinker et al. (2013). In our study it was measured with three items: “Most 

people in my neighbourhood would test indoor radon and remediate their houses if indoor radon levels 

exceeded the limits.”; “Most of my friends living in the same region as I do would test the indoor radon 

concentration and remediate their houses if indoor radon levels exceeded the limits.”; “Of the people I 

know, nobody would test the indoor radon concentration or remediate their house if indoor radon levels 

exceeded the limits.” The answering categories consisted of a 5-point Likert scale ranging from 

“Strongly disagree” (1), “Disagree” (2), “Neither agree, nor disagree” (3), “Agree” (4) to “Strongly agree” 

(5) and “I don’t know” answers (9). The three items did not load significantly on one factor, thus one 

item, the one related to other people has been removed. The two items resulted on one scale with 

Cronbach’s alpha 0.895 and 79% of explained variance (n = 192 out of 300).  

Moral norms 

Moral norms are in this study adopted from Turcanu et al. (2014) and are measured with the following 

two items: “It is my responsibility as a household member to protect the health of my family by making 

sure that the radon concentration in my home has been tested and remediated if necessary.”; “It is 

morally right to test and remediate against indoor radon if advised.” The answering categories consisted 

of a 6-point likert scale ranging from “Strongly disagree” (1), “Disagree” (2), “Neither agree, nor 

disagree” (3), “Agree” (4) to “Strongly agree” (5) and “I don’t know” answers (9). The two items resulted 

on one scale with Cronbach’s alpha 0.799 and 83% of explained variance (n = 199 out of 300). The two 

items resulted on one scale with Cronbach’s alpha 0.799 and 83% of explained variance (n = 199 out 

of 300). 
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Visual Burden 

Perceived visual burden of home remediation was measured with one direct item: “Remediation due to 

exceed levels of radon would visually destroy my home”. The answering categories consisted of a 5-

point Likert scale ranging from “Strongly disagree” (1), “Disagree” (2), “Neither agree, nor disagree” (3), 

“Agree” (4) to “Strongly agree” (5) and “I don’t know” answers (9). 

3.3 Results 

3.3.1 Radon awareness: What people know about radon? 

The objective of the communication campaigns in Belgium is to increase the awareness about radon 

risks and mitigation actions. As seen in Figure 3, in the survey 32% of respondents stated that they 

know what radon is, 43% of respondents have heard something about radon, 22% of respondents 

stated that they do not know anything about radon and 3% or respondents selected “I don’t know” or 

didn’t answer on the question “Do you know anything about radon?”.  

 

Figure 3 - Awareness about radon 

Answers given to the following open question “Can you describe in a few words what you have heard 

about radon?”, have been grouped per following categories, describing radon as: ‘(Rare) Gas’; 

‘(Naturally) Radiative’; ‘Toxic and/or Dangerous’; ‘Causing Health problems’; ‘Air pollution’. Some of the 

respondents mentioned their experience with radon or they were not able to say anything about radon. 

Most of the respondents described radon as ‘(Rare) Gas’, often in similar words of the communicated 

messages by authorities. For example: “I think that it is a rare gas, slightly radioactive maybe but I don’t 

know the subject in depth.”; “few things… Rare gas.”; “Rare inert gas of the same family as helium, 

Xenon,... having a natural radioactive isotope with a "medium" half-life.”; “Harmful gas”;  “Colorless and 
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odorless gas, that originate from the ground in the houses and that can be harmful to health. Very 

present in the province of Luxembourg.”; “Odorless and transparent gas that is released inside without 

the inhabitants noticing it and intoxicate them, a little bit like CO2.”; “ Odorless gas that can build up in 

the houses and is dangerous.”; “Natural gas that comes from the ground, especially shale, in low 

quantities and that can be harmful to the health if exposed for a longer period.”; “Gas or a toxic 

substance that can be found in houses, especially in some geographical areas I think.”; “Gas that is 

released from the ground in shale areas.”; “Gas that is released from the ground and invades homes 

through the cracks, hence the importance of airing these living quarters.”; “Gas released from the 

ground.”; “Rare gas, radioactive, present in the rocky soil of Wallonia.”; “Radon is a naturel gas, without 

sent that can cause cancer.”; “Is a gas.”; “Gaseous chemical element.”;  “Is a gas released by shale 

rocks. It would be present in the basement of some houses located at the bottom of my city near a water 

bear.”; “Bad gas.”; “Is a natural gas that can sometimes escape according to the nature of soil (in a 

basement for example) There is a cartography for Belgium.”; “Is a natural gas that escapes from certain 

soils.”; “Is a gas present at very low percentage in the earth’s atmosphere.”; “Is a gas coming from the 

ground.”; “Is a gas that goes up in the ground.”; “Is a gas that escapes from certain soils and 

intoxicates.”; “Is a gas that can be found in houses. I tried it for our house it rate is totally normal.”; “Gas 

pollution Inside homes.”;  “Gas in the natural state which enters in a volatile way in the houses of certain 

areas of the world and in particular the Belgian Ardennes.”; “Decomposition of radium gas coming from 

the ground that is filtered through of rocky soils, shale etc. and reaches the houses from the cellars.”; 

“Odorless and colorless gas present in certain undergrounds and that can sometimes enter houses.”;  

“Invisible and odorless gas coming from certain rocks from undergrounds of the planet.”; “Gas coming 

from the ground particularly in schistose and calcareous zone especially in Ardennes.”; “Gas coming 

from the radioactive soil, degenerated becomes a radioactive dust which can be inhaled.” 

Radon was often described as a naturally radioactive gas by the respondents. For instance, they 

described radon as: “Natural radioactive element.”; “Element which is naturally radioactive.”; “Is a 

natural radioactive element or a gas.”; “Is a natural and radioactive gas.”; “Is a natural radioactive gas.”; 

“It’s a natural radioactive gas that comes from the ground, mainly in the basements in the ardennaise 

regions and that because of the type of the soil. A good ventilation of the premises in the basement is 

advised to ventilate this gas towards the outside. I have personally already made a survey in my 

basement and the rate found a few years ago was within the norm for the region.”; “Radioactive gas 

that can be found in the ground.”; “Radon is a radioactive gas issued by the terrestrial structure. The 

matter is about natural radioactivity.”; “Radon is a natural radioactive more present near the railroads.”; 

“About a radioactive gas that can be naturally found in some grounds and that propagate in the 

buildings, through basements. I think it’s presence is more important in Wallonia than in Flanders and 

Brussels.”; “About a natural radiation, especially in shale regions. It’s important to implement measures 

before building your house. And take required measures in case of significant amount of radiation.”; 

“Natural radioactivity.”; “Is a natural radioactive gas coming from the ground that can enter in the 

buildings in some places and poison the indoor air.”; “Natural Radiation coming from certain soils and, 

which concentrated inside a house, causes cancers mainly of the respiratory system. Radon is a natural 

gas, odorless and invisible.”; “Natural radiation coming from the ground.”; “Natural radiation coming 

from soils. More or less important depending on the region. Important if subsoil is shale.”; “Natural 

radioactive gas, coming from undergrounds that can pollute inside a house with carcinogenic risks.”; 

“Natural radioactive gas from underground. Dangerous emission in the houses of some regions in 

Belgium. My dose in my house is 116Bq/m3. => low risk, no preventive action.”; “Naturally radioactive 

gas, very present in some regions of the country, especially in the presence of shale. Responsible for 

lung cancers (2nd behind smoking if I'm not mistaken).” 
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Radon was by some respondents described as toxic and/or dangerous. For instance, “Is a toxic 

substance that can be find in ancient buildings”; “Is a toxic gas.”; “Would be present inside houses and 

would be toxic for the humans.”; “Would be a toxic matter that we discover in certain soils.”; “Toxic 

substance in the ground.”; “Polluting substance found in certain houses toxic for your health.”; “Toxic.”; 

“Very toxic.”; “Is a toxic gas that escapes from the ground and can be present in the habitations.”; “Is a 

toxic radiation in certain homes.” 

Some respondents described radon as something causing health problems often referred to as 

cancer. For instance: “Is a gas coming from the ground and can cause lung cancers.”; “Radon is found 

in the basement, more concentrated in some places, like Gerpinnes, cancers are multiplied in the case 

of higher radiation.”; “The gas that can cause health problems.”; “Escapes from certain grounds, 

contains it (mainly in shale rocks). I know that there is a great presents in my municipality Jalhay and 

can cause cancers.”; “Only know that has harmful effect on heath.”; “Toxic for your health.”; “Chemical 

element present in certain places in the country. Measurement campaigns are organized regularly. The 

level may be too high in some homes and therefore a health hazard.”; “Chemical element toxic for the 

respiratory tract.”; “Chemical element odorless, colorless, questioned in lung cancer.”; “Is an odorless 

gas that is often found in the basement of some houses, only recognizable with specific materials and 

very dangerous for your health.”; “Is a carcinogenic, natural gas that spreads from certain types of 

soils.”; “Is a natural gas that comes from the ground. We can find it in houses (often in basements). 

There are multiples way to measure it. If it’s present in an excessive quantity, it is harmful to health.”; 

“Is a gas present in the ground harmful for your health. It is particularly present in the province of Liège. 

After doing the test at my house, I am reassured for my dwelling.”; “Is an odourless gas but deadly, the 

only way to get rid of it is to air. It destroys everything if it is concentrated.” 

Radon was in only a few cases described as indoor air pollutant. For instance: “Air pollution.”; “Is a 

chemical compound present in the air I think”; “Is a natural radioactive gas coming from the ground 

that can enter in the buildings in some places and poison the indoor air.” 

Unfortunately, 12 respondents were not able to recall anything about radon, although they stated that 

they know something about it. For instance: “No, I don’t know enough on the subject.”; “I only know it 

by name.”; “Don’t know much.” 

3.3.2 Behaviour: test or mitigation 

Although authorities in Belgium have implemented communication interventions since 2014 and they 

spend approximately 30,000 € on a yearly basis for communication interventions, 77% of respondents 

in radon-prone areas in Belgium did not apply any action to protect them from radon risks. Only 15% of 

respondents tested or remediated their dwelling (Figures 4 and 5). 
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Figure 5 - Mitigation actions 

3.3.3 Determinants of intention for behavioural change 

In order to identify potential determinants for behavioural change, correlations between intention for 

behavioural change (intention to test and mitigate if necessary) and potential behavioural change 

determinants were calculated. Results show that there is a significant relationship between behavioural 

change and anticipatory emotion - worry (0,441**), coping or efficacy appraisal: self-efficacy (0,388**), 

descriptive norms (0,385**), subjective norms (0,418**), moral norms (0,561**), anticipated regret 

(0,540**) and conditional susceptibility (0,437**). 

As expected, awareness/knowledge and risk perception are not correlated with an intention for 

behavioural change. Moreover, there were no significant correlations between intention for behavioural 

change and perceived informed choice, perceived costs and visual burden. 

Figure 4 - Application of mitigation actions 
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Behavioural 

change 

intention 

Pearson 

Correlation 
1 0.118 0.060 0.441** 0.388** 0.043 -0.175 0.385** 0.418** 0.561** 0.540** 0.437** 0.017 

Sig. (2-tailed)  0.057 0.368 0.000 0.000 0.516 0.062 0.000 0.000 0.000 0.000 0.000 0.794 

N  259 228 253 208 226 115 179 187 182 240 211 248 

Knowledge 

AW19_20_

35_36 

Pearson 

Correlation 
 1 -0.165** -0.022 0.165* -0.276** -0.161 0.087 0.071 0.161* 0.113 -0.035 -0.260** 

Sig. (2-tailed)   0.009 0.711 0.013 0.000 0.078 0.229 0.314 0.023 0.070 0.596 0.000 

N   254 279 224 248 121 192 202 199 260 229 274 

Risk 

Perception: 

Indoor air 

pollution 

due to 

radon: 

RP12a. 

Pearson 

Correlation 
  1 0.360** -0.131 0.227** 0.189* 0.056 0.148* 0.033 0.136* 0.251** 0.173** 

Sig. (2-tailed)    0.000 0.065 0.001 0.044 0.460 0.045 0.664 0.041 0.000 0.007 

N    243 201 224 114 175 184 180 227 207 242 

Anticipatory 

emotion- 

worry 

Pearson 

Correlation 
   1 0.154* 0.284** 0.169 0.190** 0.405** 0.213** 0.368** 0.479** 0.228** 

Sig. (2-tailed)     0.023 0.000 0.066 0.009 0.000 0.003 0.000 0.000 0.000 

N     218 242 119 187 197 194 253 223 265 

Coping or 

efficacy 

appraisal: 

self-efficacy 

Pearson 

Correlation 
    1 -0.182** -0.274** 0.264** 0.306** 0.449** 0.256** 0.203** -0.201** 

Sig. (2-tailed)      0.010 0.004 0.001 0.000 0.000 0.000 0.005 0.003 

N      201 106 160 166 167 208 194 214 

Perceived 

informed 

choice 

Pearson 

Correlation 
     1 0.382** 0.084 0.126 -0.044 0.214** 0.107 0.967** 

Sig. (2-tailed)       0.000 0.264 0.087 0.563 0.001 0.129 0.000 

N       116 177 186 179 235 203 248 

Perceived 

costs 

Pearson 

Correlation 
      1 -0.177 -0.112 -0.283** -0.098 0.066 0.403** 

Sig. (2-tailed)        0.081 0.267 0.005 0.294 0.505 0.000 

N        98 101 95 117 106 120 
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Descriptive 

norms 

Pearson 

Correlation 
       1 0.661** 0.405** 0.306** 0.223** 0.102 

Sig. (2-tailed)         0.000 0.000 0.000 0.004 0.165 

N         160 145 184 161 186 

Subjective 

norms 

Pearson 

Correlation 
        1 0.315** 0.279** 0.226** 0.126 

Sig. (2-tailed)          0.000 0.000 0.003 0.077 

N          150 190 168 198 

Moral 

norms 

Pearson 

Correlation 
         1 0.529** 0.292** -0.013 

Sig. (2-tailed)           0.000 0.000 0.854 

N           185 167 194 

Anticipated 

regret 

Pearson 

Correlation 
          1 0.460** 0.186** 

Sig. (2-tailed)            0.000 0.003 

N            211 253 

Conditional 

suscep-

tibility 

Pearson 

Correlation 
           1 0.078 

Sig. (2-tailed)             0.247 

N             220 

Visual 

burden 

RA31. 

Pearson 

Correlation 
            1 

Sig. (2-tailed)              

N              

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed) 

Table 2 - Correlation table (Dependent and independent variables) 
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Model Summary 

Model R R Square 
Adjusted R 

Square 
Std. Error of the 

Estimate 

1 ,583a ,340 ,333 ,81230484 

2 ,652b ,426 ,413 ,76170380 

3 ,681c ,464 ,446 ,74012987 

4 ,698d ,488 ,465 ,72721826 

a. Predictors: (Constant), Moral norms 

b. Predictors: (Constant), Moral norms, Anticipatory emotion- worry 

c. Predictors: (Constant), Moral norms, Anticipatory emotion- worry, 
Descriptive norms 

d. Predictors: (Constant), Moral norms, Anticipatory emotion- worry, 
Descriptive norms, Anticipated regret 

Table 3 - Model Summary 

Coefficientsa 

Model 

Unstandardised Coefficients 
Standardised 
Coefficients 

t Sig. B Std. Error Beta 

1 (Constant) -0.044 0.083  -0.526 0.600 

Moral norms 0.591 0.086 0.583 60.916 0.000 

2 (Constant) -0.039 0.078  -0.499 0.619 

Moral norms 0.528 0.082 0.520 60.441 0.000 

Anticipatory emotion- worry 0.321 0.087 0.300 30.710 0.000 

3 (Constant) -0.033 0.076  -0.436 0.664 

Moral norms 0.429 0.089 0.423 40.837 0.000 

Anticipatory emotion- worry 0.285 0.085 0.266 30.338 0.001 

Descriptive norms 0.241 0.095 0.224 20.538 0.013 

4 (Constant) -0.011 0.075  -0.144 0.886 

Moral norms 0.346 0.096 0.341 30.603 0.001 

Anticipatory emotion- worry 0.233 0.088 0.217 20.662 0.009 

Descriptive norms 0.254 0.093 0.236 20.723 0.008 

Anticipated regret 0.196 0.095 0.184 20.064 0.042 

a. Dependent Variable: Behavioural change 

Table 4 - Regression Models 

The linear regression models (stepwise), as presented in Table 3 and 4 also indicate that Moral 

norms, Anticipatory emotion-worry, Descriptive norms and Anticipated regret are determinants of 

Behavioural change.  
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3.4 Conclusions 

In this chapter, a range of validated scales and items measuring potential determinants of behaviour 

were adapted and tested in relation to radon protective behaviour. A CAWI survey was conducted with 

300 Belgian respondents living in communities situated in radon prone areas. More specifically, the 

relation between radon testing and mitigating behaviours and the following variables were analysed: 

awareness, risk perception, anticipated emotions, coping appraisal, perceived costs, perceived 

informed choice, subjective and descriptive norms, moral norms and the visual burden remediation 

implemented on a dwelling. In terms of radon awareness, most respondents indicated that they know 

what radon is, or at least have heard of it, mostly in terms of being a rare gas or a naturally radioactive 

gas. With regard to radon-related behaviour, the majority of respondents had not taken any action 

(testing or mitigation/remediation), despite living in radon prone areas. Significant correlations were 

found between behavioural change and a range of variables (anticipatory emotion- worry, coping or 

efficacy appraisal - self-efficacy, descriptive norms, subjective norms, moral norms, anticipated regret 

and conditional susceptibility). In line with previous research, no significant correlations were found 

between awareness/knowledge and risk perception on the one hand and an intention for behavioural 

change on the other. More surprisingly, also perceived costs were not found to have a significant relation 

to intentions for behaviour change. These findings clearly require for a thorough reflection on 

communication and health campaigns related to radon, which in the past have often targeted particularly 

those latter variables. 
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4. Outcome of the focus groups in Ireland 

This section reports on a qualitative study of the barriers and facilitators to indoor radon mitigation in 

dwellings in Ireland. 

Individuals can be exposed to indoor radon in public spaces (i.e., schools), workplaces, and dwellings 

(i.e., households). The problem under investigation is the apparent low rate of indoor radon remediation 

in dwellings with indoor radon levels at or above the dwelling reference level of 200 Bq/m3 (Dowdall et 

al., 2016). As stated earlier in this report, the failure to remediate known high levels of indoor radon is 

a serious problem given radon’s classification as a known carcinogen, which can lead to lung cancer. 

The longer individuals are exposed to high indoor radon levels, the greater the risk of developing lung 

cancer. While there are currently regulations on indoor radon testing and mitigation in schools and 

workplaces, there is not an equivalent requirement for dwellings in Ireland.  

We performed a qualitative research study with the purpose of understanding why households (e.g., 

those residing in the dwelling) in Ireland do not remediate high indoor radon levels. We sought to 

achieve this by gathering data on the perceived barriers and/or facilitators to indoor radon remediation 

from participants who would be involved in the household’s indoor radon remediation decision making 

process. 

To achieve this objective, we held two focus groups. The focus group participants included households 

with (a) high indoor radon tests that did remediate, and (b) high indoor radon tests that did not 

remediate.  

Each focus group had a brief introduction, followed by a series of open-ended questions related to 

perceived barriers and facilitators to indoor radon remediation. The third part of the focus group included 

asking participants to review the key barriers and facilitators mentioned in the previous sections to 

determine if there were any changes or additions. Participants were asked for their perspective on which 

barriers or facilitators were perceived to have the greatest impact on indoor radon remediation 

Data were gathered from audio transcripts of online focus groups. The data were coded and analysed 

using a Thematic Analysis approach with a mixture of inductive coding and deductive coding. The 

deductive coding and theoretical lens were informed by the Information – Motivation – Behavioural Skills 

model (IMB), as seen in Figure 6 (Fisher et al., 2006).  

 

Figure 6 - Information Motivation Behavioural Skills Model (IMB): behavioural constructs 

 



RadoNorm 

 

 
   D6.5; Empirical study to identify change agents and communication effect in different  

approaches to behaviour change 

Dissemination level: PU 

Date of issue: 29.04.2022 

 

www.radonorm.eu                             Page 31 

D6.5 

4.1 Results  

The combined focus group results are organised and presented according to the three primary IMB 

constructs: (1) Information-Awareness, (2) Motivation, and (3) Behavioural Skills.  The themes are 

presented in Table 5 below in relation to each construct. The additional themes which did not align with 

the IMB behavioural constructs, though did appear to align with response efficacy, are indicated in the 

last portion of the table.  

Level 1 - Behavioural 
Construct 

Level 2 - Behavioural 
Construct 

Theme 

 
Information - 
Awareness (6) 

 (1) Access to information 

(2) Disconnect between health risk information 

(3) Past experiences with messenger* 

(4) Lack of mass media campaign 

(5) Test results much higher than anticipated 

(6) Lack of sensory information* 

 
Motivation (8) 

 
Personal Motivation (5) 

(1) Perception of health risks 

(2) Perception of indoor radon risk 

(3) Personal cost incentives & disincentives 

(4) Lack of sensory information* 

(5) Poor past experiences with messenger* 

Social Motivation (3) (1) Macro level incentives 

(2) Library testing programme 

(3) Social support and discourse 

 
Behavioural Skills (5) 

Self-Efficacy (2) (1) Information on how to remediate 

(2) Electrical skills 

 
Ability (3) 

(1) Financial costs of remediation 

(2) Home age & structure 

(3) Renter's ability to remediate 

 
Additional Results 

Response Efficacy (3) (1) Absence of quality checks on 
remediation/barriers 

(2) Belief that ventilation will reduce high 
indoor radon levels 

(3) Effectiveness of remediation 

Table 5 - Thematic Analysis Themes 
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Themes could be perceived as barriers by one group, and facilitators by another. For example, one 

group perceived the availability of contractors as a barrier, while the other group perceived availability 

of contractors as a facilitator to indoor radon remediation behaviour. The availability of contractors is a 

common theme and influences decisions on indoor radon remediation behaviour. Therefore, the results 

are presented according to the IMB model and theme, and the role as a perceived barrier or facilitator 

is noted within the description of the theme. Some of the themes are related to more than one 

behavioural construct.  

In terms of Information and Awareness (Figure 7), there were six identified themes. The first barrier, 

access to information, refers to participants being able to access information, which would assist their 

progress towards indoor radon remediation. Moreover, it refers to information that participants actively 

sought to obtain, but encountered barriers in trying to access it. For example, some participants had 

difficulty obtaining their indoor radon test results back from commercial entities. The information 

received by participants did not always seem to be in line with other information they received, which 

seemed to create a disconnect in participants minds. For example, individuals could be informed that 

indoor radon is the second cause of lung cancer after smoking. Yet, individuals who worked in 

healthcare and building never knew or heard of one person who died because of indoor radon. This 

disconnect seemed to act as a barrier to indoor radon remediation behaviour with non-remediating 

households.  

Interestingly, both the remediating and non-remediating focus groups believed that there should be a 

mass media campaign related to indoor radon, similar to the current carbon monoxide mass media 

campaign in Ireland. The lack of a mass media campaign was viewed as a factor contributing to lack of 

indoor radon remediation.   

The content of the information was an important factor to remediating households. Participants from the 

remediating households noted the information (e.g., indoor radon levels) they received from the radon 

test were much higher than they anticipated. This gap between the information received and 

expectations was not raised by the non-remediating households. Lastly, the lack of sensory information 

(i.e., smell, taste, etc.) was mentioned several times by both focus groups as being a barrier to indoor 

radon remediation.  
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Figure 7 - Resulting Themes Under Information - Awareness 

 

4.2 Motivation  

Within the IMB model, Motivation consists of Personal Motivation and Social Motivation. Five themes 

related to Personal Motivation (Figure 8), which included two themes that were shared with the 

Information-Awareness construct. There were three themes under Social Motivation.  

Two personal motivation themes related to risk perception. First, there was the perception of the health 

risks related to indoor radon. In other words, how much did a household believe that indoor radon really 

was a risk to health? Secondly, there was the perception of level of risk (e.g., probability) their household 

would have an indoor radon issue. This perception was raised as a barrier or facilitator often in relation 

to the age or structure of the household. Cost can be a motivator for households in a number of ways. 

For example, the cost of indoor radon remediation could be perceived as too high for the perceived 

value of lowering indoor radon. If the price was lower, then it is possible this barrier would be removed. 

Another example is individuals may engage or not engage in indoor radon remediation because of 

perceived financial impact on resale value of their house. Lastly, participants in both groups noted the 

lack of sensory “reminders” participants received related to indoor radon (e.g., lack of smell, taste, etc.) 

as a barrier to the motivation for performing indoor radon remediation.  

Social motivation related to themes that involved Macro or Meso level actors, e.g., barriers or facilitators 

related to the community, region, or national level actors.  There was one theme related to the Macro 

level actors. Specifically, the remediating households in particular noted that Macro level incentives 

(e.g., free radon testing, financial support for remediation, regulations) would be an important motivating 

facilitator to increasing indoor radon remediation. On the community level, participants in both 

remediating and non-remediating households spoke with enthusiasm about the local library testing 

programmes, which appeared to be a key facilitating component to start the indoor radon remediation 
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process. Another community level theme was the facilitating role of social support or discourse from 

other households in the community in either encouraging testing, sharing their experiences of 

remediation, or alerting households that they may have an indoor radon issue.  

 

Figure 8 - Resulting Themes Under Motivation 

 

4.3 Behavioural Skills  

Behavioural Skills is composed of two subcomponents, or behavioural constructs (Figure 9): 

Self-Efficacy and Ability. Of the five themes related to Behavioural Skills, two were related to 

Self-Efficacy and three were related to Ability.  

Self-efficacy relates to one’s belief that one can perform the behaviour in question, i.e., indoor radon 

remediation. Two themes arose related to whether a person believed they could perform indoor radon 

remediation. The households believed they could not remediate because there was not the information 

available for them to remediate and know what to do in their situation. Based on the information provided 

in the focus group, we found that the information was available; therefore, information availability was 

not a barrier, but these participants perceived they would not be able to obtain the information needed. 

This raises issues of accessibility of the information. The second theme likewise relates to an 

individual's belief that they would be unable to perform the associated technical work in order to perform 

indoor radon remediation. The belief that they would not be able to perform the work could be a barrier 
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to individuals engaging in do-it-yourself remediation or those who could not afford the financial services 

of an indoor radon contractor.  

There were three themes related to the objective ability of a participant to perform indoor radon 

remediation. First, some non-remediating households could not afford indoor radon remediation given 

their current socio-economic situation. The remediating households concurred that cost would be a 

financial barrier for some individuals. Second, participants could be limited, or in one case, prevented, 

from performing necessary indoor radon remediation based on the house structure, which was often 

related to the age of the home. This is a factor outside the control of the household and should be taken 

into account given the age range of homes in some areas at high risk for indoor radon. Lastly, if a 

household rented their accommodation, they could test for indoor radon, but would be restricted in either 

carrying out the indoor radon remediation themselves or their limited ability to force the landlord to carry 

out the indoor radon remediation.  

 

 

Figure 9 - Resulting Themes Under Behavioural Skills 

In addition to the themes aligned with the IMB, there were themes which we felt did not align with the 

model. The themes were:  

● Absence of quality checks on remediation/barriers   

● Belief that ventilation will reduce high indoor radon levels 

● Effectiveness of Remediation  

We found that these themes do appear to align with another behavioural construct, Response Efficacy, 

which represents a possible extension of the IMB model.  
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5. Outcome of design thinking workshops in Belgium 

Radon is one of the leading causes of lung cancer (WHO, 2009), however, despite the health risks, 

testing and mitigation of houses remains insufficient (Dowdall et al., 2016). Therefore, health promotion 

is needed. In the literature, three types of interventions are mentioned in regards to health promotion: 

sticks, carrots, and sermon. Sticks are regulations, i.e. laws to enforce behaviour, for instance, including 

radon measurements in building permits. Carrots are economic policy instruments, which means 

instruments to make a certain behaviour cheaper or easier to perform, for instance, providing free radon 

test kits. Sermon means information, providing people with the right information to persuade them to 

act (Vedung, 1998). 

Solely informing people, i.e. providing factual information, is oftentimes not enough to persuade people 

to act. People experience a bounded rationality in which biases, emotions, social influence, and 

heuristics influence rationality (Hevey, 2017). Therefore, communication should also address or help 

overcome these aspects. A systematic literature review shows that the main approach in radon 

communication, however, is still primarily facts-based, with little attention to these biases and emotions. 

These approaches suffice to raise awareness, but are not sufficient to make people act. In other words, 

there is a gap between awareness and remediation behaviour (Apers et al., 2022). 

When looking at this gap, two questions come forward. First, why is there a gap, and second, how can 

we bridge this gap? While literature on the “why” is available and provides a nuanced idea of full 

rationality, the gap between awareness and behaviour still persists. Furthermore, literature on the “how” 

is limited. Additional methodological creativity was required to combine these two questions in one 

study. Adopting a bottom-up approach to gain insights from the target group themselves about the gap 

between awareness and radon behaviour (remediation), with a focus on communication, was the 

motivation to set up this specific study. 

To answer these questions, we applied the innovative qualitative method, called Design Thinking. And 

more specifically, the Double Diamond approach. Design Thinking is a way of creative problem solving 

that is human-centred, emphasises observation, collaboration, visualisation of ideas, rapid concept 

prototyping, and concurrent business analysis (Lockwood, 2009). The double diamond approach is a 

process that emphasises diverging (i.e. creating options) and converging (i.e. selecting options). The 

challenge is the starting point, which is further discovered by diverging. Information is collected about 

the causes of the challenge, the importance, the target audience, etc. After this diverging stage, the 

converging starts, and the problem is defined as specific as possible, which leads to the problem 

definition. When the problem definition is agreed upon, the ideation phase starts in which a lot of ideas 

are generated at first (i.e. diverging). Afterwards, the best ideas that are eligible to be transferred to the 

next phase are selected (i.e. converging). Based on these ideas, a prototype is developed and 

delivered. 

5.1 Method 

We conducted two 2-hour online workshops in collaboration with a firm specialised in Design Thinking. 

Due to recruitment challenges, we ended up with a convenience sample of six participants, of which 

four were personally involved with radon issues, and two were professionally engaged with radon. Of 

the participants, three were from Luxembourg and were family. Their origin, which was not Belgian, was 

not known until the first workshop started. In every workshop five participants were present, with four 

overlapping participants in both workshops. 
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In the first session the participants explored the barriers of remediating for radon. Using a multitude of 

creative problem-solving techniques, the participants thought about what the challenge exactly is, who 

is affected by the challenge and what process or journey the target group has to go through related to 

the challenge. After the first session, researchers involved in this workshop and the specialised firm 

came together and selected the most important barriers to focus on in the second session.   

In the second session the participants started from the problem definition and generated multiple ideas 

by applying brainstorming techniques proposed by the specialised firm. The objective in this session 

was to generate as many ideas as possible at first, and afterwards select the ideas of which the 

expected impact is the highest. In this session, researchers again took on an observing role. After this 

session, researchers and facilitators of the firm selected a few ideas (3 - 4) that would be the subject of 

discussion in the last session. 

5.2 Results 

Before the first workshop, the core team discussed the aim of the workshops and the starting point. The 

research team started with a common tool used in Design Thinking approaches, namely the customer 

journey. This journey describes all the stages people go through before and after purchasing a product. 

Because this approach, to some extent, follows theoretical models about behaviour change, for instance 

the Transtheoretical Model of Behaviour Change (Prochaska & Velicer, 1997), or the Precaution 

Adoption Process Model (Weinstein & Sandman, 1992), the customer journey was transformed to a 

homeowner journey, as shown in Figure 10. 

The researcher team identified seven steps, (1) awareness, i.e. I understand radon is a threat; (2) 

evaluation, i.e. I perceive radon as a possible risk; (3) purchase, i.e. I want to get the threat level 

assessed; (4) delivery, i.e. I get my results back; (5) action, i.e. I take action to remediate my house; (6) 

re-assure, i.e. I do a new test to assure I am safe; (7) ambassadorship, i.e. I tell my friends and family. 

For every stage, motivations, actions, barriers, emotional states, touchpoints, and potential areas for 

improvement were identified, based on the available literature. 

 

Figure 10 - Homeowner journey 
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After discussing the homeowner journey among the core group, it was decided that the starting point of 

the first workshop would be “Wouldn’t it be nice if all radon houses were radon free?” The output of this 

workshop can be seen in Figure 11. 

 

Figure 11 - Output diverging workshop 1 Belgium 

After diverging, the participants converged and selected their top 3, this results in the following output, 

as seen in Figure 12. 
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Figure 12 - Output converging workshop 1 Belgium 

After the first workshop, the core group discussed the findings, and clustered them based on themes, 

as presented in Figure 13. 

 

Figure 13 - Focus core team: Clustering after workshop 1 Belgium 

Since this study was set up in the context of research about radon communication, the core group 

decided that communication would be the focus for the next workshop. More specifically, how to 

communicate about radon, and what kind of messages should be communicated to the homeowner? 
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This decision was also justified by the participants as the communication category had the most post-

its and most attention during the first workshop. 

The results of the ideation are presented in Figure 14. 

 

Figure 14 - Output diverging workshop 2 Belgium 

To converge, the participants voted on the two best ideas according to them. The results are shown in 

Figure 15, with a catchy radio spot, potentially with humour, as the top idea. 

 

Figure 15 - Output converging workshop 2 Belgium 
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After the second workshop, the core group mapped the idea on the homeowner journey, more 

specifically on four steps: awareness, evaluation, action, and ambassadorship. Some post-its fit in 

multiple stages, and some fit in all stages, for the latter the category, ‘other’ was created. The results 

are presented in Figure 16. 

 

Figure 16 - Core group: mapping communication ideas on homeowner journey 

5.3 Discussion 

The results show some important trends. It is important to note that no representative claims are made, 

since the sample size of this workshop was too small, and data collection as exploratory. Apart from 

that, we can discuss the findings that apply to the current sample. 

In terms of the problem statements, it becomes clear that the gap between awareness and remediation 

behaviour is due to a lot of different barriers experienced. Moreover, the findings represent the three 

types of interventions, as explained by Vedung (1998). First of all, the sticks are regulations undertaken 

by policy makers, this includes laws, regulations and directives. Some examples in the output of the 

workshop fit within this category, for instance: “How to establish an EU standard?”, or “How to oblige 

radon measures in new buildings?”. Second, carrots are economic policy instruments. These 

instruments are designed to make a certain behaviour easier (or harder) in terms of money, time, and 

effort. Examples brought up during the workshop are “How to find help from the state?”, or “How to 

facilitate the necessary steps”. Third, the sermon, or information, includes all the information to 

persuade people to take action. Some examples of problems experienced in this area include “How to 

shock people”, or “How to develop a decision tree”. 

Since all three categories are represented in this output, the importance of the three types of 

interventions is highlighted for this sample. 

Regarding the information, or communication aspect in itself, a similar trend prevails. A variety of ideas 

were provided by the participants. Examples include “organising a competition with prizes for people 
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who have done a remediation”, or “cinema spots”, or “catchy radio spots, potentially with humour”. 

Noteworthy is how the ideas presented cover different types of communication. For instance, traditional 

media, “flyers in public places”, “advertising via social media”, interpersonal communication “involve 

doctors in radon communication”, and stakeholder communication “more visibility to remediation 

companies”. 

Again, the need for a varied communication approach is emphasised for this sample. 

Finally, when the ideas were presented on the homeowner journey, it became clear that people might 

need different types of communication in different stages of behaviour. Whilst engagement with the 

radon issue is important in the first stages, factual information about solutions might be needed in later 

stages. This is in line with the literature on behaviour change, stating that engagement is needed first, 

and often achieved through personal relevant communication (e.g.: narratives, humour, emotions, 

tailored communication), while factual information is needed in later stages of the decision-making 

process (Kreuter et al., 2007). 

The literature shows that most of the ideas were tested or applied at some point in the past in the 

context of radon. However, the literature also shows that regarding mass media, most messages are 

factual information and not necessarily personally relevant to the homeowners (Apers et al., 2022). This 

is noteworthy, since mass media is ideal to raise awareness, and engagement with the health issue in 

this stage is paramount. 

5.4 Conclusions 

This study was guided by two questions: why is there a gap between awareness and behaviour in terms 

of radon remediation, and how can this gap be bridged? During a creative design thinking workshop, 

six participants shared their insights and experiences. While the sample size is too small to generalise 

the findings, we can formulate some conclusions based on the current sample. First, for this sample, 

there is a need for more health promotion on three levels, namely: regulations, economic policy 

instruments, and information. Second, in terms of information, different types of communication are 

required in different stages of the behaviour process. More specifically, while personally relevant 

information is needed to grab people’s attention and emphasise the urgency of the health risks, factual 

information is needed to provide the right solution to the right people later on. Finally, participatory 

research is needed to involve the people at risk in the intervention design process. 
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6. Conclusions and way forward 

Based on these different sources of “evidence”, we are able to define who the exact target groups of 

our own communication intervention should be and what behavioural and change goals we should set 

(cf. Task 6.2.1. “Establish the target behaviours and their most important determinants”, MS 6.6 “Report 

on formulation of performance objectives and change objectives for the relevant target groups” M24, 

supported by manuscripts that already have been and will be submitted to peer-reviewed scientific 

journals). Furthermore, these insights will help to link these change goals with specific theoretical 

behavioural change techniques. The latter will be concretized in specific communication initiatives (e.g. 

to increase people’s risk perception, and to make the Radon health risks more tangible, we could rely 

on “narratives” in the form of newspaper stories; to support people’s self-efficacy we could work with 

testimonials of people who have remediated their houses, etc.) The integration of these specific 

communication initiatives (based on insights provided by behavioural change and communication 

models) into a coherent plan (cf. MS 6.7 “Elaborate plan for communication tools: Communication plan”; 

M27) will constitute the blueprint of our intervention. The different components of the intervention will 

be tested on efficacy (in a controlled setting). The field study will test the entire intervention (and look 

at process variables, such as the intervention’s reach). 
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