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LAY ABSTRACT

Cancer clusters constitute geographical areas where the frequency of cancer diagnoses during a
given period of time occur more frequently than expected by chance. Cancer clusters can
generate significant anxiety in communities and influence perceptions of personal safety and
health. As cluster investigations rarely yield the answers citizens seek around a definitive cause
of cancer, health officials may appear to be withholding information and not doing enough to
address public concerns. The objectives of this dissertation were to summarize key issues with
the communication of and investigation of cancer clusters in Canada; test the impact of different
types of cancer information on risk perceptions; and explore whether individual characteristics,
expertise and skills were linked to positive attitudes about coping with cancer risks. This work
provides insights into the diverse ways that people interpret cancer information and perceive risk

and identifies improved methods of conducting cancer risk communication and risk education.



ABSTRACT

Cancer clusters constitute geographical areas where the frequency of cancer diagnoses
during a given period of time occur more frequently than expected by chance. Cancer clusters
can impact perceptions of risk and generate significant anxiety in communities. Unfortunately,
cluster investigations rarely yield the answers citizens seek around a definitive cause of cancer
due to the long latency of cancer and other factors. As a result, health officials may appear to be
withholding information and not doing enough to address public concerns. Effective cancer risk
communication may also be hindered by other stakeholders such as the media, who sometimes
sensationalize risks from environmental hazards, which can distort the public’s perceptions of
risks. The result may be a community dissatisfied with a cluster investigation’s results, or worse,
a community that distrusts local leaders and doesn’t understand the information reported by

expert officials.

The four studies comprising this dissertation aimed to summarize key issues with the
communication of and investigation of cancer clusters in Canada; test the impact of different
types of cancer information on risk perceptions; and explore whether individual characteristics
and skills were linked to positive attitudes about coping with cancer risks. An analysis of cancer
news coverage and interviews with Canadian public health officials revealed that communities
may be receiving inadequate and inconsistent information about cancer risks during cluster
investigations. In addition, an experiment and survey revealed information trustworthiness and
individuals’ numeracy and health literacy to be important factors shaping cancer risk perceptions
and attitudes. This work has significant implications for risk communicators and educators
seeking improved methodologies of cancer risk communication and risk education to

iv



(1) manage differences in cancer risk perceptions between experts and non-experts (2) enhance
public trust in institutions and perceptions of expert competence and (3) inform future

educational interventions that promote cancer coping beliefs.
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PREFACE

This doctoral dissertation may be read as a complete summary of the research conducted
in fulfillment of the Doctor of Philosophy degree at McMaster University. However, it contains
four chapters (Chapters 2-5) that were originally prepared for submission as stand-alone articles
for publication in various peer-reviewed journals. Therefore, there is some overlap in their
content, specifically in their reviews of the relevant literature and in their summaries of the data
sources (for Chapters 4 and 5). This dissertation begins with the first chapter, which serves as an
introduction to the research subject and provides an overview of each of the four chapters that
form the basis of the ‘meat’ of this sandwich thesis. The sixth and final chapter of this work
serves as a conclusion to the research and outlines some of the implications of the research

summarized in the four substantive chapters.

As the supervisor and mentor to this research, Dr. Niko Yiannakoulias, is a co-author on
all four papers. His contributions include assistance with the development of research ideas,
guidance on research methodologies, data collection and data analysis techniques, critical
appraisal of each chapter as well as editorial reviews. The co-authors on the third and fourth
papers, Dr. Robert Wilton and Dr. Fran Scott, who also served as committee members during the
course of the doctoral research, provided substantial feedback on earlier drafts of these works in
addition to editorial reviews. As the primary author on all four chapters, | made significant
original contributions to each work. My contributions included conducting all literature reviews,
leading the collection and analysis of all data, interpreting statistical analyses and writing each

chapter. The four research papers included in this dissertation include:
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1 INTRODUCTION

In 2016, reports of a cancer cluster in Hamilton among teachers and staff emerged at a local
high school, drawing considerable media attention and public concern (Paddon, 2016). The
cluster of 23 cases at Cathedral High School diagnosed over the course of about 20 years led to
air quality testing inside the school, an environmental site assessment and initiated more than a
dozen teacher requests for job transfers to other schools — despite testing revealing an absence of
harmful exposures. Although the concerns expressed seemed like overreactions to some in the
public health community, it wasn’t the first time that high rates of cancer made headlines in the
city (Prokaska, 1996). In fact, residents of Hamilton frequently cite the risk of cancer due to
pollution from local industries as a significant cause of worry (Carter, 2019) and they are not
alone. Numerous cancer cluster investigations are launched in jurisdictions around the world
every year, though specific cluster causes are rarely identified due to the difficulties of
measuring exposures to hazards years after the onset of the disease (Goodman et al., 2012). As a
result, public health officials are often skeptical of the value that a cluster investigation can yield

despite the public’s repeated calls for them (Thun & Sinks, 2004).

Variations in perceived cancer risk between different stakeholders during an investigation —
particularly between experts and non-experts — are largely what inspired this doctoral research.
This dissertation begins by providing a snapshot of the issues pertaining to the communication of
and investigation of cancer clusters in Canada. Then, the results of an experimental survey used
to examine the impact of communications and individual skills and expertise on cancer risk
perceptions and attitudes are presented. Although the focus of much of the research undertaken
for this doctoral thesis is related to cancer clusters, the findings that will be discussed and the

lessons drawn have broader implications for how researchers and health educators ought to



Ph.D. Thesis — C. Slavik; McMaster University - Geography

interpret public perceptions of cancer and how to communicate the risks of cancer more

effectively.

1.1 BACKGROUND

Cancer clusters constitute geographical areas where the frequency of a cancer diagnosis
during a given period of time occurs more frequently than would be expected by chance. Though
most suspected cancer clusters are not considered to be a threat to public health after taking into
account age-specific cancer rates and other factors (Assungéo, 2013), they can create anxiety in
communities and influence perceptions of personal safety and health. Compared to death from
other diseases, the public often ranks cancer death as the worst, suggesting it is among the most
dreaded and feared health outcomes for a large proportion of the population (Sunstein, 2002).
Concerns over industrial pollution and hazardous contaminants in the environment often fuel
worries about cancer because risks that are perceived as involuntarily imposed or highly
uncertain are among the most dreaded by citizens (Slovic, 1997). Cancer is also a complex health
condition consisting of a multitude of different types of diseases linked to numerous
hypothesized causes, and it can sometimes take decades to develop cancer following exposure to
a carcinogen (Neutra et al., 1992). These factors can make it difficult for health officials to craft
messages explaining the risk of cancer and carry out effective risk communication that would
quell citizen fears.

Effective cancer risk communication may also be hindered by stakeholders such as the
media, a common source of health information that many citizens rely on. News agencies
frequently report about cancer and strongly influence the public’s knowledge and perceptions of
cancer risks through their coverage of cancer events and studies. However, the media has been

found to sometimes sensationalize risks from environmental hazards and mischaracterize
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uncertain risk information as overly certain, which can distort the public’s perceptions of cancer
risks (Jensen et al., 2014).

Perceptions of cancer risk also depend on people’s comprehension of risk information, which
is influenced by an individual’s education, skills and expertise. Although numeric formats of risk
communication can lead to more accurate perceptions of risk compared to verbal probability
phrases that are less precise (Gurmankin, Baron & Armstrong, 2004), they require competencies
in numeracy that are not universal. For example, people who have difficulty interpreting
numerical information have been found to overestimate risks when contextual verbal probability
information is omitted (Klein & Stefanek, 2007). Therefore, employing appropriate information
formats (e.g. numeric, verbal, visual) to conduct risk communication is an important step in
improving risk comprehension and forming more accurate perceptions of risk. This is especially
critical during cluster investigations when health officials are expected to convey information
about cancer probabilities to citizens that compare observed versus expected rates of the disease.
If health officials disseminate data on cancer rates that is confusing or seems inconsistent with
the level of disease risk that citizens believe to be present in their community, then the official
response to the suspected cluster may be considered inadequate. Unfortunately, this type of
scenario can also lead to an erosion of public trust in government institutions and expert
knowledge (Fjelland, 2016; Johnson & Waishwell, 2014).

A decline in institutional and expert trust is not only problematic for the impacts it would
have on social, political and scientific stakeholders trying to lead a community out of a crisis, but
also because of the role that trust plays in shaping perceptions of risk. When people trust an
information source, they tend to believe the information that is being shared and frame their

beliefs and risk judgments around that trusted reference point (Weaver et al., 2017). However,
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becoming a trusted source is a complex process. The philosopher Onora O’Neill suggested that
levels of trust fluctuate based on the circumstances in which people gauge a stakeholder’s
trustworthiness (2013). That is, trust can be gained when stakeholders actively demonstrate their
trustworthiness, for example, by being competent, honest and reliable communicators. This
raises important questions for risk educators about how to design communications that influence

perceptions of both trustworthiness and risk when educating citizens about cancer risks.

Although cancer clusters have been studied for decades in the United States (Caldwell, 1990;
Goodman et al., 2012), where a national set of guidelines for investigations exists, it is not
known how many cancer clusters have been reported in Canada because they are not tracked and
no investigation protocols exist at a national level. As a result, there are also no consistent
guidelines in place to direct cancer risk communication activities during cluster investigations.
This research sought to address these knowledge gaps by examining current cancer cluster
investigation procedures and communication practices in Canada and exploring how knowledge
about cancer risk is received and transferred by various expert and non-expert stakeholders. A
major overarching goal of this research project was to gain new insights into the diverse ways
that people interpret and engage with cancer information and perceive cancer risk, and to identify

improved methods of conducting cancer risk communication and risk education.

1.2 CHAPTER OBJECTIVES AND CONTENTS

This dissertation includes four substantive chapters, which each contribute to the overarching
goal of this research project. The first research paper (Chapter 2) set out to establish how cancer
risk was communicated by the media during cancer cluster investigations. The objective of this
chapter was to investigate the media’s risk communication practices during Canadian cancer

cluster investigations and characterize their role as disseminators of information on cancer risk
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between expert and non-expert audiences. To achieve this, 84 news articles on cancer clusters in
the province of Ontario that were published between 1990-2017 were retrieved from news
databases and a media content analysis of the newspaper coverage followed. In this chapter, we
summarized linguistic trends in the media’s reporting of cancer risk after quantifying the
frequency of select words that described risk qualitatively (e.g. serious, concerning),
quantitatively (e.g. rate per 100,000), and discussed cancer risk factors (e.g. tobacco, pollution).
This work revealed key differences in the way that news agencies communicated cancer risk. For
example, it was found that news coverage of cancer clusters in urban areas of Ontario used more
precise quantitative risk language and discussed key cancer risk factors more frequently than
articles reporting on rural clusters. The findings highlighted issues surrounding communication
inequality, whereby not all members of the public have access to effective cancer risk
communication. This unequal access could lead to differences in people’s awareness of and
perceptions of cancer risk as well as varied views about the danger that cancer poses.
Importantly, the absence of certain types of risk information in news articles we identified would
suggest that communication interventions such as collaborative knowledge dissemination tools
between health experts and the media may be required to ensure adequate levels of health risk

literacy across populations.

Chapter 3 builds on many of the themes of Chapter 2 and summarizes the risk
communication practices and cancer cluster investigation procedures undertaken by health
officials from jurisdictions across Canada. The objective of this chapter was to compare and
contrast the risk communication practices and cluster investigation procedures of various
Canadian public health experts and agencies. This paper also utilized content analysis methods to

compare various jurisdictions’ cluster investigation policy documents, as well as a thematic
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analysis of transcripts from 13 telephone interviews conducted with 15 health officials. This
work revealed that a variety of approaches are being used to investigate cancer clusters with
considerable procedural variations across Canadian jurisdictions. It also revealed a clear need for
risk communication activities to be conducted alongside cluster investigations, as health officials
consistently cited the need for more supports, training and face-to-face opportunities to engage in

public outreach and cancer education with community members.

While the objectives of Chapter 2 and Chapter 3 centered around identifying and
summarizing the cancer risk communication practices of the media and public health officials in
Canada, Chapter 4 set out to investigate the impacts of their communications on cancer risk
perceptions. This chapter’s objective was to test whether the portrayal of a cancer cluster event
that differed by information source and information format would influence people’s perceptions
of the information’s trustworthiness and their concerns about cancer. Using a randomized
experiment, participants were assigned to view different types of information about a fictional
community cancer cluster. The information treatments were designed to either look like a news
story or a government report, which either included contextual information about the cluster
and/or personal stories from community members or neither. Participants were then surveyed
about their perceived trust in the information and cancer concerns. This chapter will show that
certain message sources and formats are perceived as more or less trustworthy and may influence
perceptions of cancer risk differently. The work also revealed through stratified analyses that the
impacts of the information treatments on perceptions of cancer risk varied by participants’

education level, suggesting that this could be an important variable to explore further.

In the fifth chapter, the impacts of education and expertise on cancer risk beliefs were

examined. Using the data from the same survey that were analysed for the paper in Chapter 4,
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this study set out to explore whether skills and competencies (e.g. numeracy, literacy) would be
associated with individuals’ beliefs related to cancer risk management. Since this chapter
leveraged the same dataset as the prior chapter (Chapter 4), there is some overlapping content in
both of their methods sections, particularly as it pertains to data collection approaches. However,
as these two chapters focused on analyzing different variables and presenting distinct results,
different conclusions were drawn. The objective of Chapter 5 was to investigate associations
between participant skills/expertise, health information seeking, risk perceptions and beliefs
related to coping with cancer risk. A major research finding discussed in this chapter was that
participants with higher levels of health expertise and health literacy appeared more likely to
report that they believed they had the capabilities to self-manage their risk of cancer. As some
cancer coping beliefs have been linked to increased intentions of adopting cancer-preventive
behaviours, understanding which competencies may be connected to these beliefs has practical
implications for risk educators designing learning tools and health education interventions that

aim to motivate healthier decision-making across populations.

Finally, in the sixth chapter, this dissertation’s research contributions are discussed in the
context of three subjects that were the focus of this work: cancer risk communication, cancer risk
perceptions and cancer risk education. This chapter ends with a discussion of the implications of
this project on policies and procedures related to cluster investigations and risk communication,
as well as possible directions for future research. Thus, Chapter 6 will highlight how this

dissertation has significantly worked to advance our knowledge across multiple disciplines.
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CHAPTER 2

Cancer risk communication in the news coverage of suspected cancer clusters in Ontario:
Contrasting media messaging on cancer by geography

Previously published as: Slavik, C. E., & Yiannakoulias, N. (2021). Cancer risk communication
in the news coverage of suspected cancer clusters in Ontario: Contrasting media messaging on
cancer by geography. The Canadian Geographer/Le Géographe canadien, 65(3), 333-345.

2.1 INTRODUCTION
Risk communication is a valuable tool used to disseminate information that can lead to
more accurate perceptions of health risks in a population and ultimately influence
individual decision making towards adopting certain health-promoting behaviours.
Disseminating information on health risks that is accurate and easy to understand may
therefore foster health literacy in a population, and help ensure individuals are sufficiently
informed about health risks and benefits. Among the numerous communication channels
that people receive information from, the news media can play an important role in shaping
the public’s perception of a health risk, particularly when media coverage of an event is
frequent (Wilson et al. 2004). A recent poll has found that Canadian news readership is
high, with about 9 out of 10 Canadians having reported reading a newspaper (either online,
in-print, or both) at least once a week (Totum Research 2019). This can present either a
unique opportunity to leverage this communication channel to influence and improve
perceptions of health risks among Canadians, or raise the potential for ineffective health
communication transmission or the spread of misinformation.

The social amplification of risk is a framework that helps describe how risk perceptions
and public concern are transmitted from social and institutional actors (e.g., government, news
media, etc.) and augmented by individuals’ interpretations and responses to information

following an adverse event (Kasperson et al. 1988). Key mechanisms that contribute to the
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amplification of risk perceptions include the volume of information about a risk event, and the
dramatization of facts (Kasperson and Kasperson 1996). Therefore, the style in which the media
reports a health risk (e.g., tone, diction, syntax, themes, etc.) and the frequency of reporting may
be instrumental in how media consumers will perceive and interpret that risk. For example,
previous studies have found that media outlets tend to report health hazards and health risks by
presenting risks as either overly certain or highly controversial, even if the risks are unconfirmed
(Tang and Rundblad 2015), or report highly sensationalized content (Dahlstrom et al. 2012),
which can lead to distorted perceptions of a health risk. However, not all media are created
equal. Differences in geographic settings, such as whether a newspaper is based in an urban or
rural community, may determine how a given newspaper or media outlet will report on various
health topics (Young et al. 2015) or the level of resources and expertise that can be expended
when covering specific health issues like cancer (MacDonald and Hoffman-Goetz 2001).
Different geographic contexts can also shape how the same health risk event is covered by
different news outlets. For example, Humphries et al. (2017) found that the content of news
coverage of the 2014 Ebola outbreak varied considerably at a national scale when comparing
news articles published in Canada and Nigeria.

There are many reasons why there could be differences in the frequency and content of
health-related news reports in different geographies. Media organizations serving urban centres
are generally larger and are more likely to have the resources to support journalists with
specialized health or science backgrounds (MacDonald and Hoffman-Goetz 2001). Reporters
may also be tailoring their writing to the characteristics or demographics of the communities
reading their work. For example, the reporting of cancer risks in Indigenous and ethnic

newspapers has been found to focus on particular cancer types and tends to utilize more non-
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numeric descriptions of cancer risk (Hoffman-Goetz et al. 2003; Stryker et al. 2009). In addition,
rural and remote communities often rely on the news media as a primary source of health
information since populations that are geographically dispersed may face barriers accessing
information through other channels (Ramirez et al. 2017). In comparison, individuals in urban
areas are more likely to use the Internet as their primary health information source (Befort et al.
2013), while older individuals, as well as those with fewer Internet skills, are more likely to use
traditional news media as a primary source of health information (Jacobs et al. 2017). Individuals
with a medical history of cancer have also been found to spend more time reading newspapers
compared to people without a diagnosis (Tian and Robinson 2008), which could suggest that in
places with higher incidences of a disease, the local residents may seek out more news related to
that specific disease.

Cancer clusters constitute a unique health risk event that attract considerable interest and
concern from the public, the media, and government officials when they are reported. Disease
clusters are geographically meaningful areas where the frequency of a disease diagnosis, like
cancer, during a given period of time is higher than is expected (Yiannakoulias 2009). Often
some suspected exposure to industrial pollutants or environmental contaminants will trigger a
community’s concern over a perceived cancer cluster (Robinson 2002), which can evoke strong
responses from the public. However, the health risks of many pollutants remain unknown or
poorly understood, and what constitutes a significant environmental risk to health can be difficult
to assess by non-experts.

Despite advances in how disease clusters are statistically detected in populations,
addressing public concerns about perceived cancer clusters and understanding how to effectively

communicate health risk remains a serious challenge for risk communicators (Trumbo et al.
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2008). While most public health officials view cancer clusters as chance occurrences, many
community members become convinced that they are environmentally-caused and pose an
immediate threat to their health (Johnson and Waishwell 2014). Unfortunately, cancer cluster
investigations rarely point to a specific pollution point source nor yield the answers that members
of a community are seeking; in fact, when the press leaves and the investigations end,
many community members are left with increased feelings of uncertainty and concern about their
community, and perceptions of expert incompetence or distrust may arise (Goodman et al. 2014).
However, these investigations may still offer public health departments a useful opportunity to
educate the public on cancer risk (Trumbo 2000). Key to the goal of public education is ensuring
that cancer risk communication is conducted effectively and accurately by news outlets in a way
that eases public concerns by leveraging the media’s coverage of such a salient news event.
Many studies have attempted to answer the question of what constitutes effective health
risk communication in order to produce accurate perceptions of risk in those receiving the
information. Central to that question has been examining the role of various information formats,
such as qualitative verbal and textual expressions of risk compared to quantitative numerical
expressions of risk, and how each format may differently influence an individual’s perception of
the probability of that risk (Hendrickx et al. 1989; Gurmankin et al. 2004). Evidence from some
studies would suggest that the communication of risks related to cancer is most effectively
achieved when presented in formats using both words and numbers in order to accommodate
individuals with all levels of numeracy skills (Janz et al. 2017; Carey et al. 2018). Therefore,
striking the balance between the right amount of quantitative and qualitative risk information is

an important piece in the effective communication of cancer risk and examining the risk
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language used in the media’s coverage of events like cancer clusters can be useful to study how
cancer risk is likely to be perceived by the public.

Our study reports on the findings of a media content analysis of cancer news coverage in
Ontario. Textual analyses of media content rarely draw from one methodological tradition,
though inspiration is taken from other established methodologies common in research rooted in
semiotics, linguistics, and post-structuralism, which stress the importance of language in
understanding social relations, cultural practices, and human decision making (Fursich 2009).
Using cancer clusters as a case study of reporting on cancer risks, the goal of this study was to
examine how cancer risk is communicated by the news media during suspected cancer cluster
investigations in Ontario. Since cancer risk in Ontario varies by geography (Canadian
Partnership Against Cancer 2014), and health-related news reports have been found to vary by
geography, we hypothesized that differences in geographical contexts would reveal differences
in the ways that the media communicate cancer risk in Ontario. Specifically, we sought to
examine these differences by comparing cancer risk language in articles on urban versus rural
cancer clusters, clusters occurring at different geographic scales (e.g., by region, on First nations
reserves, and in neighbourhood settings), and clusters that were either environmental or

occupational in nature.

2.2 METHODS

We used Factiva and LexisNexis to draw our sample of news articles, which constitute
traditional print, online news, and wire services that covered suspected cancer clusters in
Ontario. There were nine instances of an article being published both in a newswire and by a

newspaper; in these cases both articles were retained in our study on the basis that their word
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counts differed (on average newswires were longer) and the location of their readership would
differ. The first search using Factiva was limited to Canada and the years 1990 to 2017, included
the words “cancer” and “cluster,” and yielded 2,029 articles. After both an earlier scoping review
of Canadian reports and government documents on cancer clusters and the search using Factiva
yielded mostly content about clusters in Ontario, a decision was made by the researchers to focus
on news articles reporting on cancer clusters from that province. Articles were screened by their
title and the context around the word “cluster” in the article’s text. Since cancer clusters are
defined as cancer risk events where the observed incidence rate in a population is higher than
would be expected to occur in that population within a defined space and time (Yiannakoulias
2009), this led to the inclusion of articles only covering particular events where it was reported
that multiple people had been diagnosed with cancer both in a defined geographic area and
during a particular period of time, not just one or the other. This search yielded 67 articles that
reported on suspected cancer clusters in Ontario. The process was repeated using LexisNexis,
which yielded an additional 10 articles on cancer clusters in Ontario, after removing duplicates.
An additional 7 articles were retrieved with a general search of “cancer cluster Ontario” using
the Google search engine. There was a total of 84 articles analyzed in this study, reporting on 24
unique cancer cluster events.

We classified each article based on characteristics of the cancer cluster covered in that
article, using two binary cluster type categories. First, we classified a suspected cancer cluster as
occurring in either urban or rural settings based on the population and density of the location of
the cluster. We applied Statistics Canada’s (2016) definition of urban areas as population centres
with a population of at least 1,000 and a population density of 400 persons or more per square

kilometre, with all other areas classified as rural. Second, we examined whether the cluster in the
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article was reported in the context of some hypothesized exposure occurring in the environment
or in the workplace, and clusters were classified as either environmental or occupational based
on the context of the exposure or hazard discussed in the article. For example, if an article
mentioned an exposure to a cancer-causing substance that took place in a workplace or the
cluster of cancer cases involved group of workers, it was coded as occupational.

In addition, we classified each article based on the news outlets that published the
articles, using binary news agency type categories. News agencies were coded as either local or
non-local depending on whether the reporting agency was based in the community where the
cluster took place. The agencies were also coded as having a high or low readership based on
whether the news outlet cited a daily (or weekly for some weekly newspapers) readership of
more than or less than 100,000 readers.

We also included a 6-category variable for geographic scale; articles were coded as
reporting on a cluster that occurred either in a city, neighbourhood, entire region, school,
workplace, or First Nations reserve. The coding for this variable was based on the spatial extent
of cancer cases and the finest level of spatial resolution described in the article. As is common in
geography, scales with a similar spatial extent and granularity (e.g., a neighbourhood, workplace,
or First Nations reserve), can be distinguished from one another by the local population’s
characteristics, social behaviours, and dynamics, and by governmental jurisdiction (Lloyd 2014).
Additionally, as Canada moves towards recognizing the injustices brought about by settler
colonialism, including the disproportionate levels of industrial pollution on and around reserves
(Basu and Lanphear 2019), it was important to consider First Nations reserves as a separate scale
category in support of the resurgence of Indigenous-led governance of lands and their rights to

self-determination.
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All articles were analyzed textually in the open-source statistical software R 3.4.4 using
the Stringr & Quanteda packages (R Core Team 2018). Research utilizing corpus linguistic
procedures, which examine the construction of discourses by analyzing occurrences of linguistic
phenomena (e.g., word frequencies) (Baker 2006), are becoming more commonplace in media
content analyses which have traditionally focused more on thematic analyses and message
framing (Karlsson and Sjgvaag 2016). The authors of this paper, however, came across a limited
number of studies applying corpus linguistic procedures to quantify language on risk. Of the
studies that have explored what language is used to describe risk, most characterize differences
in the level of contextual precision of various words used to describe risk consequence and
probability. For example, when examining articles about the West Nile virus, Roche and
Muskavitch (2003) defined qualitative risk words (e.g., “dangerous”) as non-numerical phrases,
and considered quantitative risk words (e.g., “percent”) as numerator/denominator information
about risk probability. Qualitative and quantitative risk can therefore be thought of as
measurements of risk precision using either qualitative descriptors of risk severity or quantitative
descriptors of risk probability, respectively. We calculated measures of three risk word variables:
qualitative risk, quantitative risk, and cancer risk factors. Measures for these three categories
were calculated using specific word frequencies, a method consistent with other linguistic
analyses of risk communication (Tang and Rundblad 2015). The word frequencies were summed
for each measure by article and divided by the total word count of each article to control for total
number of words.

To select words representative of qualitative risk and quantitative risk, the authors
selected a random sample of 10 articles for manual analysis to examine what terminology was

commonly used in news articles to describe risk; additionally, relevant words identified from
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other media content analyses on risk were included (Musso and Wakefield 2009; Dahlstrom et

al. 2012; Birnbauer et al. 2017). For qualitative risk, the frequency of the following words was

29 ¢

calculated for each article: “serious,” “danger,” “dangerous,” “hazard,” “hazardous,” “toxic,”

99 ¢ 29 ¢

“fear,” “scared,” “worry,” “concerning,” and “concern.” To obtain measures of quantitative risk,

the frequency of the following numerical and statistical words or phrases was calculated for each

99 ¢¢ 99 Cey

prevalent,” “incidence,

29 ¢ 29 ¢c

article: “prevalence, rate,” “more risk,” “greater risk,” “average,”

99 ¢¢ 29 ¢¢ 99 ¢¢ 29 ¢c

“cases,” “percent,” “of every,” “per year,” “proportion,” and “per 100,000.”

In addition to how risk is qualitatively or quantitatively communicated in cancer cluster
reporting, we also examined whether cancer risk factors were discussed in the articles since it has
been suggested that inclusion of risk factors can impact health risk perceptions by
contextualizing risk with other causes of morbidity and mortality (Russell 1999). To obtain
measures of cancer risk factors discussed in the study articles, the frequency of the following

words associated with common cancer risk factors (WHO 2020) was calculated for each article:

99 ¢¢ 99 ¢ 9% ¢

“tobacco,” “smoking,” “radon,” “pollution,” “radiation,” “virus,” “alcohol,” “diet,” “obesity,”

9% ¢

“obese,” “genetic,” and “family history.”

We calculated the mean word frequencies for qualitative risk, quantitative risk, and
cancer risk factors for articles reporting on urban versus rural clusters, environmental versus
occupational clusters, published by local versus non-local news agencies and those with high
versus low readership. To test whether the word frequencies from each binary cluster type and
agency type variable significantly differed from one another (i.e., came from different

populations), the non-parametric Mann-Whitney-Wilcoxon Test was applied as our data was not

normally distributed. We used the non-parametric Kruskal Wallis one-way ANOVA to assess
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differences in the mean word frequencies for qualitative risk, quantitative risk, and cancer risk

factors for the geographic scale category.

2.3 RESULTS

The locations of the suspected cancer clusters in Ontario from this study are found in Figure 2-1.
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Figure 2-1. Map of the locations of cancer clusters in Ontario, Canada that were reported by the media
and the number of articles per location, 1990-2017.
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The majority of clusters that were reported by the media were located in southern Ontario. The
most widely reported cancer clusters were located in Hamilton and Windsor, with 17 and 23
news articles, respectively (Figure 2-1). There were 3 news articles each documenting cancer
clusters in Toronto and Ottawa.

Frequencies of news articles by various cluster type and news agency type categories are
summarized in Table 2-1.

Table 2-1. Frequency of news articles (n=84) analyzed by cancer cluster characteristics and news agency
characteristics, across various geographic scales.

Cancer Cluster Characteristics News Agency Characteristics

Geographic Environmental Occupational Urban Rural Local Non- High Low
Scale local Readership Readership
City 6 0 6 0 4 2 2 4
Neighbourhood 31 0 26 5 21 10 25 6
Region 5 0 0 5 4 1 1 4
Reserve 7 0 0 7 2 5 3 4
School 0 5 5 0 5 0 5 0
Workplace 0 30 30 0 20 10 23 7
TOTAL 49 35 67 17 56 28 59 25

Of the 84 articles analyzed, most reported on environmental clusters (n=49) compared to
occupational (n=35), and most articles reported on clusters in urban communities (n=67). When
comparing cluster characteristics across geographic scales, most environmental clusters that were
reported were observed to be at a neighbourhood level (n=31), followed by First Nations
reserves (n=7). All occupational clusters (n=35) occurred either at the workplace (n=30) or
school (n=5) scale. Two-thirds of clusters were reported by articles published by local news
agencies (n=56) compared to non-local (n=28), and 70% were reported by agencies with a high
readership (n=59) compared to low readership (n=25). Approximately twice as many local news
agencies covered rural (n=11) and urban clusters (n=45) compared to non-local agencies (n=6

and n=22, respectively). Articles covering clusters at the neighbourhood scale and workplace
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scale were mostly published by local agencies (68%) and agencies with high readership (81%).
The frequency of articles covering clusters at other geographic scales was more spread out
among non-local agencies and agencies with low readership.

On average, word frequencies for terms describing quantitative risk and cancer risk
factors were higher for cancer clusters located in urban settings compared to rural (Figure 2-2).
For terms describing quantitative risk, the mean word frequency was 7.34 words per 1,000 for
rural clusters, compared to approximately 10.24 words per 1,000 in urban. Articles on urban
cancer clusters also contained on average more than four times as many cancer risk factor terms

compared to articles on rural clusters (Figure 2-2).
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Figure 2-2. Mean frequency of words per 1,000 describing qualitative risk, quantitative risk, and cancer
risk factors in articles reporting on cancer clusters by cluster characteristics.

Among cancer clusters that were environmental or occupational, the frequency of terms
used to describe quantitative risk were very similar with 9.73 words per 1,000 and 9.54 words

per 1,000, respectively (Figure 2-2). More qualitative risk words were associated with articles
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reporting on occupational clusters compared to environmental (p=0.04); however, more words
describing cancer risk factors were present in articles reporting on environmental cancer clusters
compared to occupational (p<0.001).

For the news agency characteristics variables, there was little apparent difference in word
frequencies for all categories of risk terms between local and non-local news agencies covering
cancer clusters (Figure 2-3). However, articles published by news agencies with higher
readership on average used words of every risk category more frequently compared to news
agencies with lower readership. Among cancer risk factor terms, word frequencies were four
times higher in articles published by news agencies with high readership compared to low

readership (p=0.01).
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Figure 2-3. Mean frequency of words per 1,000 describing qualitative risk, quantitative risk, and cancer
risk factors in articles reporting on cancer clusters by news agency characteristics.
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Qualitative risk, quantitative risk, and cancer risk factor word frequencies for the 6-
category geographic scale variable are summarized in Figure 2-4. On average, qualitative risk
word frequencies were highest for articles that reported on cancer clusters that occurred at school
and workplace settings and lowest for articles reporting cancer clusters that took place at the city
scale (Figure 2-4). The differences in mean qualitative risk word frequencies were not
statistically significant (p=0.21). Among quantitative risk terms, the average word frequency was
highest for articles reporting on cancer clusters that took place at the school scale and city scale
and lowest for cancer clusters that occurred within a workplace or on a First Nations Reserve
(Figure 2-4). These differences were statistically significant (p=0.008). Average word
frequencies describing cancer risk factors were largest for articles that reported cancer clusters
that occurred at the neighbourhood scale followed by the city scale, whereas word frequencies of

cancer risk factors were similar and low at the other geographic scales (p<0.001).
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Figure 2-4. Mean frequency of words per 1,000 describing qualitative risk, quantitative risk, and cancer
risk factors in articles reporting on cancer clusters by geographic scale.
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2.4 DISCUSSION

The reporting of health events, such as cancer clusters, has important public health implications
with regard to providing information to the public on leading health issues. How the messaging
in the news report is presented and framed, in context with other key information that may be
highlighted or omitted, plays a role in how the public will interpret that health issue and any risks
associated with it (Gollust et al. 2019). In this study of news articles on cancer clusters, we
observed that newspaper coverage of cancer clusters located in urban areas on average tended to
use more quantitative risk language compared to coverage of cancer clusters in more rural areas.
Qualitative risk word frequencies were slightly higher in articles on rural cancer clusters
compared to urban clusters, but this relationship was not significant. While quantitative risk
information offers the public more precise information about the risk of cancer, it often lacks
comparative context, and differences in individuals’ numeracy skills to interpret this information
can make this approach to risk communication less effective (Rothman and Kiviniemi 1999).

A balanced approach to risk communication, which draws equally on quantitative and
qualitative risk descriptions and contextualizes the risk of cancer from many different risk factors
(Russell 1999), should also present different categories of risk language more equally across
different geographies and populations. Yet our study found differences in the frequency of risk
language used in articles about urban compared to rural clusters, particularly among quantitative
and cancer risk factor terms. Interestingly, there was little difference in the frequency of risk
language among articles reporting on local versus non-local cancer clusters, suggesting the
location of the cluster and the community itself is a more important factor in the news coverage
of clusters than the location of the reporting news agency. What is unclear is whether the

difference in urban-rural language use is a function of editorial decisions or consumer demand,
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but this finding does suggest that more could be done to ensure that there is balanced risk
communication in articles about both urban and rural communities.

When Hinnant et al. (2016) interviewed health journalists, they found that they
experienced challenges balancing readable content with necessary technical health information,
and tended to see the latter as the responsibility of public health agencies. However, as the media
remains a key health information disseminator, especially in rural communities (Friedman et al.
2014), the level of precision they use in their language about health risks has to accommodate a
readership with varied health literacy levels. More research gathering insights from health
journalists about their writing practices and what considerations are made when reporting on
particular populations should be undertaken in the future to address these types of geographic
discrepancies in article content.

The results from this study also suggest an absence of information on cancer risk factors
in the media’s reporting of cancer clusters in rural areas (Figure 2-2), and at most geographic
scales (Figure 2-4). As discussed above, the explanation for this difference in language use is
unclear, and may be caused by or reinforce differences in perceptions of health risk across
geographic areas. Nevertheless, language around cancer risk factors provides useful context for
understanding the complexity of health risks, and helps communicate the combined role of
structure and agency in explaining the emergence of apparent cancer clusters. A previous study
on the media’s coverage of cancer clusters in the United States also found that very little
background information about cancer rates, confounders, and other contextual information was
provided to readers (Greenberg and Wartenberg 1991). In the absence of these important
contextual descriptors, the public is left to form its own opinions about cancer risk (Wahlberg

and Sjoberg 2000). In addition, since other modes of health information communication (e.g.,
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direct physician communication, Internet searches) may be less easily accessible in rural areas
(Spencer and Real 2019) or on First Nations reserves, there may be added value and demand for
access to accurate and effective news coverage of health risks in these geographies.

More qualitative risk words were associated with articles reporting on occupational
clusters; however, more words describing cancer risk factors were present in articles reporting on
environmental cancer clusters. Articles covering occupational cancer clusters were also on
average longer than articles on environmental clusters (915 words compared to 723 words),
suggesting that the media’s coverage of occupational clusters may employ more descriptive
reporting approaches. We also observed low mean word frequencies describing cancer risk
factors in articles reporting on occupational cancer clusters. This is likely due to those articles
focusing their coverage on hazardous occupational exposures relevant to that particular
workplace rather than discussing other potential cancer risk factors.

The higher mean word frequencies describing cancer risk factors among articles reporting
on cancer clusters at the neighbourhood scale were likely driven by the reporting of one
particular cluster event that occurred in the neighbourhood of one city. This single event was
highly reported by 23 articles over the course of two years, compared to the average of 4 articles
per cluster event (range: 1 to 11 articles per cluster). Therefore, it is possible that these reporters
may have had more time to report more in-depth content related to other cancer risk factors
during this cluster event. In comparison, other cancer cluster events that did not prompt as much
news coverage may not have provided as much of an opportunity for reporters to investigate and
report on potential cancer causes. Cancer risk factor terms also appeared significantly more

frequently in articles published by news agencies with higher readership, which could suggest
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that the perceived number of readers of an article is an important factor in journalistic writing
practices that should be explored more in future research.

Articles reporting on cancer clusters on First Nations reserves all constituted
environmental clusters (n=7), which could be partially explained by the ongoing issues with
environmental pollution due to industrial contamination on hundreds of First Nations reserves in
Canada (Indigenous and Northern Affairs Canada 2016). This underscores the need to conduct
effective risk communication in these communities where legitimate concerns and perceptions of
risk related to environmental health issues are likely to arise. In fact, cancer incidence is
increasing more quickly among members of Ontario’s First Nations compared to other Ontarians
(Kewayosh et al. 2015), representing a significant health inequity that will need to be addressed
in part with improved cancer education and communication. Consistent with previous work in
this area (Hoffman-Goetz et al. 2003), we found that cancer risk factors were reported
significantly less frequently in our sample of articles on Indigenous communities, despite the
growing disease burden of cancer in Canadian Indigenous communities. Going forward, the
media and public health officials have a shared responsibility to supply Indigenous communities
with relevant information on health risks, which may allow individuals from these communities
to play a more active role in promoting their health and preventing disease (Rempel et al. 2016).
While improving the health literacy of populations does not necessarily lead to full
empowerment of marginalized community members, it is a necessary step in starting to address
some of these health inequities and ensuring that these communities are given the tools to form
accurate perceptions of risks relevant to their health.

The results of this study can be contextualized by past research examining the role that

communication inequality plays in exacerbating rural health disparities due to differential access
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to health information, as well as characteristics more typical of rural populations who tend to
have difficulty retrieving or understanding health information (Estrada et al. 2018).
Communication infrastructure theory can provide a useful framework for examining how
community communication structures differ by geographic contexts and how to address these
differences to improve health communication. Geographic features such as the built environment
and cultural, social, or political structures influence a community’s communication structure,
which is composed of multiple actors (e.g., government organizations, the media, societal
institutions, social networks, and individuals), by influencing individuals’ exposure to
information (Wilkin 2013). Improving the communication structure between communication
creators and users requires identifying what the information needs of those users are and
recognizing trusted sources of information in the community (Estrada et al. 2018).

This theory has led to research into various health communication interventions based on
participatory community-based and person-centred frameworks. Some examples from the
literature that should be explored further in future research include establishing participatory
news websites with contributions by local residents, community organizations, and traditional
media (Chen et al. 2012), and developing written content that meets the information needs of the
population by involving patients and those impacted as co-designers (Smith et al. 2017), rather
than treating the community as mere study subjects or interviewees for a news segment.
Collaborating with local community organizations in the production and dissemination of health
materials in communities with particular cultural or linguistic needs is also important (Li et al.
2019). Increasingly, researchers are looking at the use of social media forums such as Q&As on
Twitter involving health officials, local news reporters, and community members during health

crises (Young et al. 2018) and how this engagement with the public could be leveraged.
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However, determining the best approach will depend on the geographic and social
context of the local community and their existing communication dynamics (Villanueva et al.
2016). Future improvements in the risk communication of news articles covering health risk
events should be framed by participatory-based communication principles involving
collaboration between public health departments, journalists, and local community leaders. Such
collaboration would help meet the particular community’s information needs, leverage the news
media’s ability to reach a wide audience, and ensure that accurate and balanced health risk
communication is conducted effectively to empower local community members with
information.

The findings from our study are limited by the relatively small sample of articles (n=84)
analyzed. There is some evidence to suggest that environmental and occupational cancer risk
factors, which tend to fuel the public’s fascination with cancer clusters (Robinson 2002), may be
underreported in the media; this could explain why only 84 news articles on cancer clusters in
Ontario were found. The true number of cancer clusters investigated in the province, beyond
those that have been reported by the media, is unknown. Another limitation of this study is the
focus on analyzing content from news in textual format since risk reporting and information
dissemination to the public also occurs through other means, such as televised media. However,
Driedger (2007) found little difference in the content and information presented in media
coverage when comparing televised versus print coverage of a given health risk event, therefore,
it is unlikely that expanding this research to other media forms would have resulted in vastly
different conclusions.

As far as the authors are aware, this is the first study to examine risk communication in

the news coverage of cancer clusters in Canada, and the first to contrast differences in risk
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communication between urban and rural communities and across different geographic scales.
While researchers have suggested that the communication of risk is most effectively conducted
when both quantitative and qualitative risk communication approaches are leveraged (Cheng
2016; Roslyng and Eskjeer 2017), our study suggests that both approaches are not equally
utilized in the media’s coverage of cancer clusters in Ontario.

There is a fundamental need to better understand the language used in news reporting and
whether or not the patterns in communication method reveal patterns that could be improved, or
whether they reveal a systematic problem in the way cancer information is communicated to the
public. A lack of balanced risk reporting can distort readers’ perceptions of cancer risk
(MacDonald and Hoffman-Goetz 2001), which can impact an individual’s ability to make
informed decisions regarding their health. The reporting of cancer information relevant to
distinct geographic areas could be a way to inform the public of local cancer risk factors during a
cancer cluster event. This study has proposed that the news media could be leveraged to serve as
one of those communication channels for information dissemination.

The media’s reporting of accurate and effective information on cancer risk is important
for informing the public about cancer and fostering a level of health literacy in the population.
Consistent with the social amplification of risk framework, the media can be thought of as
message transmitters between public health officials and the public, thereby intensifying or
weakening signals that make up the information that the public receives about health risks from
government officials. The research has implications for the roles that both the media and public
health departments have in communicating health risks when responding to disease events like
cluster investigations and how geography may impact the communication of those risks. Going

forward, increased collaboration between expert risk communicators at public health agencies,

30



Ph.D. Thesis — C. Slavik; McMaster University - Geography

journalists, and local community leaders and members could help address some of the disparities
in access to health information and maximize the reach of this information to a broader audience.
More input from various stakeholders in the creation and development of health-related
messages may also produce journalistic content that informs the readers about health risks in
ways that are more understandable, relevant, and tailored to the local community, while still
providing accurate information to promote healthy behaviours and choices and improve

population health outcomes.
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CHAPTER 3

Cancer cluster investigations in Canada: a qualitative study of public health
communication practices and investigation procedures

Submitted for publication as: Slavik, C. E., & Yiannakoulias, N. (2021). Cancer cluster
investigations in Canada: a qualitative study of public health communication practices and
investigation procedures. Health Promotion and Chronic Disease Prevention in Canada:
Research, Policy and Practice. (Submitted June 2021).

3.1 INTRODUCTION

Public health officials play a vital role investigating and responding to community reports of
space-time disease clustering. Although clusters of various health outcomes including birth
defects?, neurological diseases like multiple sclerosis? and cancers® have been reported in
numerous Canadian communities in recent years, cancer clusters attract an exceptional level of
enduring public concern and extensive media interest for a couple of reasons. First, cancer
clusters occur when a greater-than-expected number of cases of cancer occur in a group of
individuals in a specific geographic area during a particular period of time* and despite cancer
constituting a multitude of diseases with numerous causes, cancer clusters tap into a common
anxiety that toxic industrial exposures or environmental pollutants in a geographic location may
be to blame®. Second, the long latency of cancer makes it particularly challenging to investigate
exposures that may no longer be present and reassure community members that their concerns

will be addressed®.

These challenges present difficulties for public health officials communicating and
engaging with a fearful and distrustful public’, in addition to statistical challenges officials face
when investigating a small number of cases using analyses with low statistical power®.
Consequently, the overwhelming majority of cancer cluster investigations cannot rule out the

role of chance from explaining an increase in observed cases of cancer relative to what would be
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expected, and fewer still will be able to link the cancer cases to a specific cause®. Nonetheless,
cancer cluster investigations remain an important practice for public health officials, who often
consider them to be a way of addressing community concerns about cancer incidence! and
educating citizens on risk factors and known carcinogenic exposures'?; therefore, they are still
viewed as a public service regularly undertaken by public health agencies and officials in Canada

and all over the world*2.

The success of a cancer cluster investigation in achieving these goals and satisfying local
community members may be partly determined by the approaches that public health officials
take in responding to the community’s cancer complaints. For one, incorporating effective risk
communication at all stages of a cancer cluster investigation and supplying concerned citizens
with adequate information is viewed as essential in fostering accurate perceptions of risk*3.
Indeed, Trumbo (2000) noted that although very few of the thousands of cancer cluster
complaints in the US end up leading to significant investigations, the interactions with
community members that take place during the process provide an opportunity for meaningful
public education about cancer. In addition, transparency and communication around cancer
cluster investigation procedures has been shown to be important in promoting beliefs around
procedural fairness, which in turn increases citizen satisfaction with the results of investigations
and trust in authorities'*. Furthermore, confusion around the methodologies used in cluster
investigations and perceived flaws in the investigation procedure can influence beliefs around
expert competency and credibility™®. For these reasons, the United States and other nations have
developed guidelines for investigating cancer clusters to provide public health officials with a

systematic methodology for their analysis and to guide their response to citizen concerns*6-8,
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Researchers have twice studied the state of cancer cluster investigations in the US, once
in the 1990s *° and most recently a decade ago®, and each time recommended changes to
investigation approaches and priorities. In the absence of national guidelines for investigating
cancer clusters in Canada, it is not currently known what cancer cluster investigation procedures
are used by public health officials across Canadian jurisdictions. In this study, we aim to
examine the experiences of public health officials who have investigated cancer clusters,
particularly with respect to their approaches in communicating the results of investigations and
the risk of cancer. Although provincial/territorial jurisdictions are responsible for the provision
of most services related to health, there exist considerable divergences in the administration and
organization of public health policies and practices between the various Canadian provinces and
territories due to their local population and geographic characteristics. Some employ a
regionalized approach for the delivery of public health programs and services, while others have
opted for a top-down centralized approach?’. Therefore, we hypothesized that the primary
agencies and officials responsible for conducting cancer cluster investigations would vary

significantly across Canada.

3.2 METHODS

3.2.1 Interviews

The participants selected for interviews for this research project were public health
officials from various Canadian jurisdictions who either had had experience conducting a cancer
cluster investigation in a community or who would be tasked with investigating one should a
cancer cluster concern arise. Between the fall of 2019 and summer of 2020, a total of 13

telephone interviews were conducted and recorded with 15 public health officials across Canada
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(two interviews had two participants present). The average interview length was 45 minutes
(range: 30-65). Ethics approval for this research was obtained from McMaster University in the
summer of 2019 (MREB#: 1763). Key informants to interview for this project were identified
using two approaches to achieve representation from most Canadian provinces and one territory.
In jurisdictions where the authors had no prior connections or knowledge of cancer cluster
investigations, an email was sent to the province’s primary health ministry (or public health
agency) through their general inquiry webpage to receive the contact information for public
health officials responsible for such investigations. In other jurisdictions where known and/or
well-reported cancer clusters had been investigated, the authors contacted the lead public health
official in charge of the investigation directly according to publicly available reports or news
articles. Interviews were semi-structured and carried out by one researcher, C.S. Interviewees
received the questions prior to the interview. Questions covered four broad topics: the
interviewee’s jurisdiction’s cancer cluster investigation methodologies, the outcomes of the
investigations, the challenges public health officials encountered with risk communication, and
communication approaches and goals. This research followed a constructivist framework
whereby the data gathered from interviews is recognized as personally and socially constructed
knowledge reflective of the participants’ individual contexts, while the researchers’

interpretation of this data merely attempts to elucidate the participants’ particular realities?’.
3.2.2 Analysis
3.2.2.1 Thematic analysis

Interviews were transcribed using Otter, a speech to text transcription software (Otter.al,
Los Altos, California), with occasional corrections to words transcribed manually by one

researcher (C.S.) to remedy errors in the automatic transcription process. Transcripts were read
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several times and a thematic analysis of the interview transcripts was carried out using NVivo 12
(QSR International, Burlington, Massachusetts). Thematic analyses are a common qualitative
analytic method to help identify themes from an extensive set of text-based data and this study
used a semantic approach to analyze participant responses, therefore, responses were analyzed as
they were recorded in the interviews??. One researcher (C.S.) coded text segments in each
interview transcript and categorized codes into common themes that emerged for each question
posed to participants to allow for comparisons across interviews. These codes were discussed
with the secondary researcher to assess how well the identified themes related to the research
questions of this study and their relation to the dataset. The coding process followed an inductive
approach?®, whereby dominant themes in the data were used to summarize general similarities

and differences in investigative practices across Canadian jurisdictions.
3.2.2.2 Content analysis

In addition to the interview data collected, some officials shared documents summarizing
the cancer cluster investigation guidelines or practices used in their jurisdiction. A content
analysis of these documents was undertaken using the same coding framework that was used for
the interview transcripts to supplement the information that was not already captured in the
interviews. The coded themes identified in the thematic analysis of the interview transcripts and
the content analysis of the procedural documents were organized and analyzed in an electronic

spreadsheet.
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3.3 RESULTS

Thirteen interviews were conducted with 15 public health officials whose cancer cluster
investigations spanned seven out of ten Canadian provinces and one out of three Canadian
northern territories. Additionally, one interview was conducted with a public health official who
had investigated a cancer cluster in a northern Canadian territory while employed under the
federal Canadian Public Health Agency’s field epidemiology program, which occasionally
deploys epidemiologists to investigate cancer clusters when a provincial or territorial
government requests assistance. Four interviews were conducted with participants who had
investigated cancer clusters in Ontario, Canada’s most populated province, two in Manitoba, and
one each in Alberta, British Columbia, Saskatchewan, Quebec, New Brunswick, Northwest
Territories and federally. The job titles of the participants interviewed for this research varied;
five were senior epidemiologists at a public health department or agency, five were medical
officers of health or chief medical officers at a municipal/regional/provincial/territorial level,
four held senior management roles in cancer data analytics departments at a public health agency
and one was a specialist in environmental health at a local public health department. The findings
from this study are summarized according to three main themes: cancer cluster investigation

procedures, investigation characteristics and communication approaches.

3.3.1 Cancer cluster investigation procedures

Cancer cluster investigation procedures by Canadian jurisdiction are summarized in
Table 3-1. Three out of nine jurisdictions (New Brunswick, Northwest Territories and Canada)
did not strictly adhere to any one protocol and did not design their own guidelines for
investigating cancer clusters. Another three jurisdictions (British Columbia, Alberta and

Manitoba) had produced their own procedural guidelines to use for investigating cancer clusters.
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Table 3-1. Characteristics of cancer cluster investigation procedures and methodologies by Canadian jurisdiction (n=9).

was contacted,

Federal Health

evaluation and

Jurisdiction Lead Other agencies and | Document | Year Procedural | Other Steps defined Risk
investigating | actors that may be | type produced | authoring | guidelines communication
agency involved in the consulted agency referenced included in

investigation in procedure
procedures

Ontario Local public Provincial Public Guideline 2013 USs CDC None 1. Initial contact | Yes - at every
health Health Agency; and response stage
department Provincial Cancer 2. Assessment

Agency; Provincial 3. Determining
Ministry of feasibility of
Environment; conducting an
Provincial Ministry epidemiologic
of Labour study
4. Conducting
an
epidemiologic
investigation

British Cancer Local Medical Guideline 1998 British None 1. Initial contact | No

Columbia Control Health Officer; Columbia and response
Research Unit | Provincial Ministry Cancer 2. Assessment
of Provincial of Health; Regional Agency and case
Cancer First Nations Health evaluation
Agency Authority 3. Determine

feasibility of
epidemiological
study

4. Etiologic
investigation

Alberta Not defined - | Provincial Ministry | Guideline 2011 Alberta US CDC,; 1. Primary Yes - at every
Guidelines of Health Service Healthand | New evaluation and stage
state the lead Delivery; Provincial Wellness; Zealand; collection of
may be Ministry of Health; Alberta Europe data from
whichever Regional Medical Health requestor
initial agency | Officer of Health; Services 2. Secondary
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assessment of

the regional Ministry (for on- assessment of
Medical reserve cases for further
Officer of investigations) action
Health, the 3. Tertiary
Cancer evaluation
Surveillance involving
Department at ongoing
Alberta Health surveillance or
Services or the etiologic
Surveillance investigation
Unit of
Alberta Health
and Wellness
Quebec Regional Provincial Public Guideline | 2005 Institut de | Laval 1. Evaluation of | Yes - at every
Public Health | Health Agency; Veille University; | reported cases stage
Agency Local health or Sanitaire US CDC; 2. Validation of
public health (France), Netherland | cases and
professionals; now part of | s; New environmental
Provincial Cancer the French | Zealand exposure
Registry; Expert National 3. In-depth
advisory committee Public descriptive
consisting of medical Health study
and public health Agency 4. Additional
professionals and epidemiological
toxicologists; work
Provincial Ministry
of Environment;
Provincial Ministry
of Labour
Manitoba Medical Provincial Cancer Guideline 2015 Regional US CDC; 1. Primary Yes - at some
Officer of Agency; Provincial Health Alberta evaluation and stages
Health from Cancer Registry; Authority Guidelines | information
the Regional Provincial Ministry intake
Health of Health; Provincial 2. Primary
Authority Ministry of Labour evaluation and
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information

3. Secondary
evaluation and
analysis of data

other provinces;

4. Determine
feasibility of
epidemiologic
study
5. Conduct
epidemiologic
study
Saskatchewan | Provincial Regional Medical Unknown Early Saskatchew | US CDC NA NA
Cancer Health Officer; 2000s an Cancer
Agency Provincial Health Agency
Authority; Provincial
Ministry of Health;
Provincial Ministry
of Labour
New Cancer Provincial No formal | NA NA US CDC NA NA
Brunswick Department of | Department of protocol or
Provincial Environment; guideline
Ministry of Communications strictly
Health and/or | Branch at the followed
Office of the Provincial
Provincial Department of
Chief Medical | Health; Analytics
Officer of Branch at the
Health Provincial
Department of
Health; Regional
Medical Health
Officer
Northwest Territorial Academic No formal NA NA US CDC; NA NA
Territories Department of | researchers and/or protocol or Alberta
Health and expert scientists from | guideline Guidelines
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province or territory;
Provincial, territorial,
regional and/or local

health authority

Social PHAC Field strictly
Services Epidemiologist; followed
Local Clinician
Canada Public Health | Provincial or No formal | NA NA US CDC NA NA

Agency of Territorial Ministry protocol or

Canada’s Field | of Health; Chief guideline

Epidemiology | Medical Health strictly

Program Officer from followed

Abbreviations: US CDC, United States Centers for Disease Control
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In two jurisdictions, Ontario and Quebec, cluster investigation guidelines from other
nations (US’ Centers for Disease Control and Prevention and France’s National Public Health
Agency) serve as the primary guidance that officials consult in those provinces to conduct an
investigation. In Saskatchewan, a procedural document authored by the lead investigating agency
was not shared with the researchers and could not be analyzed as part of this study, however, the
interviewee there described guidelines that were based largely on those authored by the US
Centers for Disease Control and Prevention (CDC). Of the jurisdictions that shared procedural
documents (n=5), three (Ontario, British Columbia and Quebec) followed a four-step
investigation procedure, while the remaining two (Alberta and Manitoba) followed a three- and
five-step procedure, respectively. Only four jurisdictions followed guidelines that explicitly
referenced risk communication in their procedures and of these four, three included risk

communication at every step of their investigation.

Interviewees from each jurisdiction described a different lead investigating agency or
individual responsible for investigating cancer cluster concerns. Some of these agencies included
local/regional/territorial public health departments/agencies (Ontario, Quebec, Northwest
Territories) and cancer-specific agencies or departments (British Columbia, Saskatchewan &
New Brunswick), while in Manitoba, the medical officer of health from the regional health
authority where the concern originated assumes primary responsibility over the investigation
with support from provincial agencies. In one province’s guidelines, Alberta, a lead investigating
agency or individual is not specified and the procedures suggest that the initial agency contacted
by the citizen may remain involved in either a lead or liaison role during the investigation, which
is in contrast to the procedures followed in the other eight jurisdictions that have identified one

main lead agency or individual in charge.
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3.3.2 Cancer cluster investigation characteristics

Characteristics of the cancer cluster investigations carried out by the public health
officials interviewed for this work are summarized in Table 3-2. Nearly all officials cited local
non-expert citizens as the initiators of cancer cluster investigations due to concerns about local
cancer cases. However, the official interviewed in one province, Quebec, identified clinicians
and employers as the most frequent initiators of cancer cluster reports. In five interviews,
officials cited investigating cancer clusters on an annual basis, whereas in seven interviews,
officials reported that investigations occurred less frequently. Officials interviewed in one
province, New Brunswick, had never launched a large-scale formal investigation but had
frequently responded to more general inquiries about cancer rates from the public and other

stakeholders.

All officials interviewed confirmed that environmental or occupational exposures were
suspected and investigated in at least one of the cancer clusters they had investigated. In five
interviews, officials reported not having had staff trained in risk communication or not having
awareness of any such training, while in eight interviews officials either had direct access to staff
with risk communication training (3 out of 13) or occasional access to this expertise through
other governmental or non-governmental agencies (5 out of 13). Officials in four interviews
perceived an overall positive response from the public after a cancer cluster investigation had
concluded, while in eight others, officials perceived either a mostly negative response or a mix of
positive and negative responses from the public. In five interviews, officials cited the need for
ongoing community outreach after an investigation had concluded because either the community
had requested further monitoring of cancer incidence rates or public health officials were

gathering more data to observe trends.
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Table 3-2. Characteristics of cancer cluster investigation(s) by interview with Canadian public health officials (n=13).

cancer agency;
Employer reported to
provincial cancer
agency; First Nations
community reported to
regional Medical
Officer of Health

Interview | Jurisdiction | How cancer clusters Frequency of | Environmental Involvement of Perceived public | Need for
were reported reports or occupational | officials trained | satisfaction with | ongoing
hazards in risk cluster response | outreach or
suspected communication monitoring
after
investigation
1 Ontario Citizen reported to Less than Yes Yes Generally No
local public health annual positive
department;
2 Ontario Citizen reported to Less than Yes Yes Positive and No
local public health annual negative
department; Employer
reported to local
Medical Officer of
Health
3 Ontario Citizen reported to Less than Yes Yes - through Positive and No
local public health annual other government | negative
department; Employer agencies or
reported to local departments
Medical Officer of
Health
4 Ontario Citizen reported to Less than Yes Yes - through Generally Yes
local public health annual other government | negative
department agencies or
departments
5 Manitoba Healthcare professional | Annual Yes No or not known | Generally No
reported to provincial positive
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Manitoba

Citizen reported to
regional Medical
Officer of Health

Annual

Yes

No or not known

Positive and
negative

No

Alberta

Citizen reported to
provincial Ministry of
Health Services;
Citizen reported to
regional Medical
Officer of Health;
Healthcare professional
reported to provincial
Ministry of Health;
Provincial Ministry of
Health Services
reported to provincial
Ministry of Health;
Employer reported to
provincial Ministry of
Health

Annual

Yes

Yes - through
other government
agencies or
departments

Positive and
negative

Yes

British
Columbia

Citizen reported
through online form to
provincial cancer
agency; Citizen
reported to provincial
Ministry of Health;
Citizen reported to
regional Medical
Officer of Health

Annual

Yes

No or not known

Positive and
negative

No

Saskatchewan

Citizen reported to
regional Medical
Officer of Health;
Citizen reported to
healthcare professional

Annual

Yes

Yes - through
other government
agencies or
departments

Generally
positive

No

10

Quebec

Healthcare professional
reported to regional
public health agency;

Less than
annual

Yes

Yes

Generally
negative

Yes
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Employer reported to
regional public health
agency

investigating agency
reported to PHAC

11 New Citizen requested Never; No No or not known | N/A N/A
Brunswick? information; Respond to
Healthcare general
professionals requested | requests for
information; News information on
media requested cancer on an
information annual basis
12 Northwest Citizen reported to Less than Yes Yes — through Positive and Yes
Territories local health authorities; | annual non-governmental | negative
Local clinician organizations
reported to territorial
Ministry of Health;
Cluster discovered
during routine
surveillance of cancer
data by territorial
Health Ministry
13 Canada Provincial or territorial | Less than Yes No or not known | Generally Yes
or regional lead of annual positive

Abbreviations: PHAC, Public Health Agency of Canada.

aInvestigators noted they had never launched an investigation and had never taken more action beyond responding to a citizen’s concerns about

cancer with public education.
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3.3.3 Communication approaches

The primary themes that emerged from our interviews with Canadian public health

officials regarding communication approaches and challenges encountered during investigations

are summarized in Table 3-3.

Table 3-3. Primary themes from interviews with Canadian public health officials about communication
approaches and challenges during cancer cluster investigations (n=13).

Topic

Themes

Number of interviews with
theme present (%)

Main messages Observed vs. expected incidence 8 (62%)

communicated to rates

community during/after Cancer risk factors 8 (62%)

investigation Why pursuing investigation or why | 3 (23%)
not

Key stakeholders for Citizens/community 13 (100%)

communication Other government agencies or 13 (100%)
ministries
Local elected officials 7 (54%)
Employers 3 (23%)
News media 3 (23%)
Non-governmental organizations 1 (8%)

Challenges communicating | Complexity of information 10 (80%)

risk Addressing public perceptions of 10 (80%)
risk
Crafting messages on risk 9 (70%)
Language and/or cultural 3 (23%)
considerations

Purpose of risk Public education 11 (85%)

communication Health behaviour change 5 (38%)
Address public concerns 5 (38%)
Improve transparency 3 (23%)

Communication formats Printed texts (e.g. reports, 11 (85%)

used to share results or brochures)

investigation conclusions Face-to-face 10 (80%)
Telephone or email 9 (70%)
Presentations 6 (46%)

Role of the media in Positive role 6 (46%)

information sharing Negative role 5 (38%)
Neutral 2 (15%)
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Officials in eight interviews stated that the main messages communicated during and
after a cancer cluster investigation consisted of explanations of the difference between observed
versus expected cancer incidence rates and explaining various risk factors that are associated
with increased rates of cancer (e.g. sun exposure, smoking, etc.). Officials in three interviews
also discussed communicating with citizens why their agency was or was not pursuing further
action investigating the cancer cluster as a primary theme. All officials interviewed identified the
local community members and other government agencies as key stakeholders to communicate
with about the progress of an investigation, however, there was less agreement about the
importance of communicating with other stakeholders. In just over half of the interviews,
officials identified local elected officials (e.g. city councillors, members of parliament, etc.) as
key communication stakeholders, whereas the news media, employers, and non-governmental

organizations were identified less frequently (in 23%, 23% and 8% of interviews, respectively).

In most interviews, officials perceived the biggest challenges with communicating risk to
citizens to be as a result of the complexity of information related to statistics and cancer rates
(80%), due to issues addressing public perceptions of cancer risk (80%) and due to difficulties
with crafting effective messages on risk (70%). Another challenge to communicating risk
effectively identified in three interviews included language barriers and special cultural
considerations when communicating with citizens whose mother tongue was not one of Canada’s
two official languages (i.e. English and French) or with recent immigrants to Canada. In most
interviews, officials saw the main purpose of conducting risk communication during cancer
cluster investigations as a way to educate the public on cancer (85%). Other goals of risk

communication identified less frequently in the interviews included promoting changes to health
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behaviors (38%), addressing public concerns (38%) and improving public perceptions of

government transparency (23%).

When discussing specific approaches to disseminating information and communicating
results with stakeholders from cancer cluster investigations, officials discussed the use of printed
text documents (e.g. reports, brochures) and face-to-face interactions with community members
(e.g. town halls, one on one meetings) as the most common formats of information sharing (85%
and 80%, respectively). In situations where the suspected cancer cluster was addressed at an
early stage of the process without necessarily requiring the launch of a large-scale investigation,
officials in most interviews stated that telephone or email correspondence with the individual(s)
raising the concern was carried out (70%). In six interviews, officials also discussed presenting
results from the cancer cluster investigation using visual tools (e.g. PowerPoint) to stakeholders.
Officials interviewed had mixed experiences when it came to leveraging the news media as
information disseminators during cancer cluster investigations. The media’s role in assisting with
information sharing during the investigation was perceived as positive by officials in six
interviews, some of whom discussed collaborating with local news media report on the results of
investigations. However, in seven interviews, officials discussed that the media played either a

negative or neutral role in sharing information about cancer cluster investigations.

3.4 DISCUSSION

Despite past concerns raised about their overall value in other jurisdictions® this research
has found that cancer cluster investigations are regularly undertaken by Canadian public health

officials for the purposes of educating the public about cancer and exploring whether observed
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incidences of cancer in a community occur at levels that are higher than expected. While these
goals were found to be consistent across Canada, the investigation procedures varied
considerably across the provinces and territory included in this study. In the absence of national
cancer cluster guidelines, each Canadian jurisdiction has taken a different approach to
investigating clusters, whereby some have produced their own guidelines and others have opted
to mostly follow the US CDC’s procedures. This patchwork of approaches has resulted in little
consistency in establishing lead agencies or individuals responsible for cancer cluster
investigations across Canadian jurisdictions and may hinder some citizens’ ability to identify the

appropriate arena for raising concerns about cancer clusters.

In addition to ill-defined roles and responsibilities, the investigation procedures also
appeared to utilize important steps inconsistently across Canadian jurisdictions. For example,
although it is widely known that the public’s interest in cancer clusters is highly influenced by
perceived environmental hazards and harmful exposures®, only one jurisdiction included
environmental exposure validation as a defined action in their investigation protocol. Further,
only three jurisdictions explicitly specified a step for examining the feasibility of an
epidemiologic study of the cancer cluster as a part of their procedural guidelines, which is
surprising given the increasing reluctance of officials to pursue large-scale epidemiological
studies of most cancer clusters — except for those that meet specific criteria to warrant an
investigation due to limited time and resources?*. Interestingly, despite most officials having
identified information on cancer risk factors as a primary message communicated during the
course of investigations, only a third of the Canadian jurisdictions we studied included risk
communication at every step of their investigation protocols. Establishing a national set of cancer

cluster guidelines could provide public health officials as well as local citizens with more clarity
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and uniformity in cluster investigation approaches to ensure citizens receive a consistent

response from investigators regardless of where the cluster concern originates from.

However, the case for a national cancer cluster guideline goes beyond achieving
procedural uniformity and aiding those provinces where guidelines currently do not exist; it
would also benefit those provinces where an assortment of guidelines and procedures already
exist, and the lack of consistency currently makes it difficult to make provincial comparisons and
determine best practices. For example, by establishing a set of national cancer cluster guidelines
with a consistent approach for screening cluster concerns raised, it would be possible to study
whether discrepancies in the number of cancer clusters that get investigated across provinces was
due to a true difference in the number of reports requiring investigation or due to differences in
the way that the guidelines were being adopted. In addition, there are two significant scenarios
where national guidelines for cancer clusters would be beneficial due to federal jurisdiction over
health matters. The first involves clusters arising in Indigenous communities, where provincial
and federal jurisdictional ambiguities remain and the need for national policy frameworks on
health matters has previously been raised beyond cancer clusters®®. The second, involves clusters
where a cross-boundary environmental exposure is suspected either across two provinces or
across the Canadian and US border?®, whereby the federal government would also have

jurisdiction over such matters.

Our study also discovered some experiences of cancer cluster investigators that were
shared across Canadian jurisdictions. There was considerable agreement among the public health
officials interviewed regarding the challenges they faced in communicating risk to stakeholders,
which included communicating complex statistical information and addressing the public’s

perceptions of higher risks to health from environmental hazards. These challenges, coupled with
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the fact that most officials interviewed cited they had no direct access to staff trained in risk
communication in their department, would suggest that public health officials would benefit
greatly from more support from specialized communications staff with this type of training.
Indeed, these findings are consistent with those most recently published in a survey of US state
health departments conducting cancer cluster investigations in which 75% of states stated they
would benefit from more resources in risk communication?’. Fortunately, best practices for risk
communication have been widely published?-%°, however, in the absence of a national cluster
reporting database with investigation resources that are easily accessible to public health officials
alongside procedural guidelines, investigators may be missing out on a useful tool for conducting

risk communication more effectively and cohesively.

A type of national cancer cluster reporting database, the Cancer Cluster Public Inquiry
Triage System, as well as an electronic listserver were established by the US CDC’s National
Center for Environmental Health (NCEH) in 2002 to track the public’s cancer cluster concerns
and improve information sharing between federal, state and local public health agencies by
providing a mechanism to share expertise and scientific methods®.. Development of a Canadian
cluster reporting database could also be used to establish a network for federal, provincial and
local investigators to share knowledge about responding to initial reports of clusters and share
methodological expertise should a formal cluster investigation be warranted after the initial
concerns are validated and other criteria established by the investigators are met. Additionally,
this kind of database would help public health officials study patterns of citizen expressions of
concerns about cancer across provinces and nationally, which may help officials prioritize public

education efforts about cancer in areas where there are demonstrated needs for it. For example,
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the US NCEH used their database to study which types of cancers were most frequently cited by

cluster inquirers to inform their development of additional targeted educational tools 3L,

Another interesting finding from this work was the agreement found among public health
officials interviewed regarding the primary purpose of risk communication as a means to conduct
public education on cancer risk. While this is an important objective of any public health agency
during routine activities, this goal may fall short in addressing the expectations of a citizen
reporting a cancer cluster whose primary objective is to seek answers for an unexplained pattern
of cancer diagnoses. Other research has found that when a cluster investigation does not confirm
the presence of a statistically-significant increase in cancer, concerned citizens often persist in
believing that the cluster of cancer cases cannot be random largely due to a lack of trust in public
health experts?. Therefore, addressing public concerns around the perceived threat from the
cancer cluster and maintaining trust and credibility ought to be a primary goal of risk
communication during an investigation and may require a different communications approach
compared to one that centers around education alone. In fact, one official interviewed observed
that being transparent with citizens about what steps were taken to come to the decision on
whether to investigate their concerns or not contributed to the overall positive response they
received from local community members despite the investigation not progressing to a full

epidemiological study to identify the causes of cancer.

Using face-to-face two-way communication approaches has also been found to be an
effective way to reduce tensions and address concerns during cancer cluster investigations?,
which was echoed by most of the officials interviewed in this work. Therefore, this method for
communicating with public stakeholders should continue to be prioritized over other

communication formats when it is feasible even though it may require some extra training or
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resources targeted towards community engagement. Interestingly, one interviewee reflected on
seeing noticeable improvements in public trust after hiring an external non-governmental
organization to coordinate in-person meetings to share information and lead discussions with
community members during a cancer cluster investigation, such that public health officials were
participants of the discussion with local community members rather than leading the
conversations. This kind of approach is rooted in participatory communication theory
surrounding horizontal models of communication®* and should continue to be explored by public
health officials conducting any work with community stakeholders as a way to foster improved
trust with local community members. Furthermore, the establishment of a cancer cluster
reporting database that is publicly accessible could also be viewed as one way for public health
officials to leverage participatory approaches to information sharing and improve public

engagement.

This study has some important limitations. Firstly, although this research attempted to
obtain a diverse sample of participants with various experiences conducting cancer cluster
investigations across Canada, we did not interview an exhaustive list of public health officials
who have investigated every cluster. Our participant recruitment approach instead centered on
collecting detailed perspectives from a smaller sample of key experts. However, the broad
regional coverage of procedural practices that was achieved using both a thematic analysis of
expert interviews and a content analysis of text documents should be viewed as a major strength
of a study of this kind. Another limitation of this study includes the challenges associated with
comparing jurisdictions within and outside of Canada where public health agencies and
departments vary widely with respect to their organization, administration of duties and

resources. Future research examining the strengths and weaknesses of investigation approaches
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in various jurisdictions globally could provide more context for comparisons. In addition, it is
possible that responses from other investigators in each province/territory could have differed
depending on the scope of knowledge and experience of the public health official interviewed.
However, the experiences of officials interviewed in this study still provide a snapshot of the
common challenges likely encountered by officials investigating cancer clusters in many other

jurisdictions.

3.5 CONCLUSION

In summary, although this work has demonstrated the usability and accessibility of the
CDC’s cancer cluster guidelines as a great resource internationally, it has also highlighted the
benefits of establishing national guidelines for investigating cancer clusters in countries like
Canada where they do not currently exist. National guidelines would not only improve
procedural consistency across local and provincial/territorial agencies and address important
discrepancies in public health practices during cancer cluster investigations in Canada, but they
are also warranted in situations where the federal government already has jurisdiction over

environmental health matters.

In addition, this study has also discussed the benefits of developing a national database
for clusters to serve as a reporting system to track citizen concerns and as a resource sharing
platform for health officials responding to reports of clusters. Such a database would help
local/provincial/federal agencies carry out their mandates around public health education, which
may also address some citizen concerns around cancer without necessitating the launch of cluster
investigations that are unlikely to reveal any definitive answers around the suspected causes of
cancers. However, public education is carried out most effectively when health officials
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responding to community concerns have the necessary skills and training in risk communication,

which appears to be a key challenge area among the officials we interviewed.

Furthermore, for the rare instances where cluster investigators may proceed to move
beyond the initial stages of a cluster response and towards a more formal investigation, we have
proposed the inclusion of face-to-face participatory communication approaches when feasible,
based on the views expressed by the public health officials we spoke to. Leveraging participatory
communication practices may improve engagement with the public during investigations and,
importantly, may help officials manage citizen expectations around the results of investigations

with an open and transparent dialogue.
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CHAPTER 4

Investigating the impacts of communication source and format on perceptions of
information trustworthiness and cancer risk

Submitted for publication as: Slavik, C.E., Yiannakoulias, N., Wilton, R., Scott, F. (2022).
Investigating the impacts of communication source and format on perceptions of information
trustworthiness and cancer risk. Health Communication (Submitted March 2022).

4.1. INTRODUCTION

Cancer is a disease that can invoke feelings of anxiety and concern among people irrespective of
their personal susceptibility or likelihood of receiving a diagnosis. It is frequently cited as among
the most dreaded diseases, which influences individual perceptions around its risk (Robb et al.
2014). This is because cancer risk perceptions depend largely on intuitive affective risk
judgments, which are often based on negative feelings people have about cancer due to personal
experiences, memories or soundbites from popular media (Peters et al. 2006). Nearly 20 million
individuals a year are diagnosed with cancer globally (Sung et al. 2021), therefore, most people
have a personal connection to it. In addition, information about cancer is ubiquitous, some of
which sensationalizes risks (Hesse-Biber, Flynn, and Farrelly 2018) or presents information that
is inaccurate (Gage-Bouchard et al. 2018). As a result, concerns over cancer risk may lead to

overestimations of actual risk (Lipkus et al. 2005).

The social amplification of risk is a theory proposed by Kasperson et al. (1988) about
how perceptions of risks depend on a complex interplay between risk events (i.e. unexpected
occurrences in which societies can incur losses of life, finances, etc.) and psychological, social
and cultural processes. In other words, even an event with a low absolute probability may be
perceived as very risky because numerous processes influence the transfer of information about a

risk that an individual receives and also shape an individual’s response to that information. The
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transfer of information about a risk event is largely dependent on the ways that risks are
portrayed by the sources of information we consult (e.g. people we know, the media, etc.), which
can intensify certain pieces of information and at times result in public overreactions due to
amplified individual responses (Binder et al. 2014). Recently, Bearth and Siegrist (2021) found
that trustworthy sources of information could attenuate individual responses to risk events and
reduce these types of overreactions, underscoring trust as an important factor in the study of the
social amplification of risk. Yet, dreaded risks like cancer appear to be especially susceptible to
this process of amplification as the portrayal of cancer is mostly negative and risk information is
amplified by multiple trusted and non-trusted sources, which shapes people’s understanding of
cancer risk (Jagiello and Hills 2018). Less is known about the influence of specific sources and
types of information about cancer on shaping cancer risk perceptions and whether trust could

modify levels of concern.

In this study, we tested whether the portrayal of a cancer risk event that differed by
information source and format would influence perceptions of the information’s trustworthiness
and concerns about cancer. Prior research has found that trust in certain sources of information
can impact risk perceptions as people anchor their risk judgments around trusted reference points
(Weaver et al. 2017; Takebayashi et al. 2017; Jacobson and Adams 2017). However, little
research has tested whether certain information formats are perceived as more trustworthy
(McQueen et al. 2011) and whether this may influence risk perceptions (Kuhn 2000).
Furthermore, being viewed as a trustworthy source of information is critical in today’s post-truth
world whereby risk judgments appear to be more influenced by personal beliefs and emotional

reactions than objective facts (Spiegelhalter 2019). Identifying which information formats are
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perceived as trustworthy could aid risk educators seeking to gain more public trust and improve

the uptake of risk messaging.

Using an online experiment, we randomly assigned participants to different informational
vignettes that were designed to either look like a news story or a government report, which either
included contextual information about a risk event and/or personal stories from community
members or neither. We then surveyed participants about their perceived trust in the information
and their concerns about cancer with respect to the informational vignette and a separate
hypothetical scenario. This work has significant implications for how we inform the public about
cancer risks in order to garner public trust and avoid overreactions to hazards that pose little risk.
Importantly, we show how some information sources and formats perceived as more or less
trustworthy appear to play an important role in attenuating and amplifying perceptions of cancer

risk at a societal and personal level.

4.2. PREVIOUS RESEARCH

4.2.1 Impact of information on trust

Believing that something or someone is trustworthy depends on our innate impressions of
those objects or individuals, as well as our personal experiences that may update these beliefs
over time (Chang et al. 2010). Numerous studies have examined which sources of cancer
information people tend to find the most trustworthy. Among them, the media (e.g. radio,
newspapers, television) tends to rank the lowest (Shea—Budgell et al. 2014; Somera et al. 2016),
while physicians and government officials tend to rank the highest (Befort et al. 2013; Trivedi et

al. 2020). This may be in large part due to the way that the media sometimes sensationalizes
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cancer (Moorhead, Krakow, and Maggio 2021), which could impact the media’s credibility as a
source for health information. Yet, the media serves as a common source of information on
cancer and attention to health news has been found to be linked to higher levels of knowledge
about cancer risks (Stryker, Moriarty, and Jensen 2008). Notably, trust in cancer news coverage
can vary by news type (e.g. TV versus newspapers) (Mayer et al. 2007), suggesting that there is
significant nuance in the amount of credibility people ascribe to various communicators of risk.

Based on the findings from these previous works, we hypothesize that:

(H1) The likelihood of perceiving the information in the vignette as trustworthy will be higher
among participants viewing the information from a government source, relative to those viewing

the news source.

Less research has explored whether the format of information and/or characteristics about
its content can influence levels of trust in information. An experiment by Jensen (2008) found
that when news coverage of cancer research contained information about study limitations and
scientific uncertainty that both scientists and journalists were perceived as more trustworthy. It
has also been found that the presentation of contextual information about health risks can result
in a greater sense of safety (Murakami et al 2017). The use of narratives and story-telling in
cancer messaging has also been associated with increased trust in information as it may be
perceived as more sincere when coming from someone’s personal experiences (McQueen et al.
2011). On the other hand, Shaffer, Tomek, and Hulsey (2014) found that the use of narratives
could lower perceived trustworthiness among those with higher levels of numeracy, which would
suggest that there is an interaction between competencies like numeracy or education and

perceptions trust. The influence of information format and its perceived trustworthiness has not
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been tested using communications about a cancer risk event, however, based on the above

scholarly literature we hypothesize that:

(H2) The likelihood of perceiving the information in the vignette as trustworthy will be higher
among participants viewing contextual information and/or personal stories, relative to

participants not viewing these formats.

4.2.2 Information effects on cancer perceptions

Exposure to information about cancer can impact attitudes about cancer through different
cognitive mechanisms that individuals use to process information. Dual process theory posits
that people use both intuitive heuristic processing and systematic analytical processing modes to
aid in their interpretation of risk information (Johnson 2005). When it comes to interpreting
information on cancer risks, the affect heuristic, which helps people make decisions quickly
based on current emotions, appears to be especially influential in formulating people’s judgments
of risk. This is because of the many affective cues people encounter about cancer (e.g. stories
about a family member’s diagnosis, sensational news reports, etc.) that can lead to individuals
relying disproportionately on negative feelings about cancer (e.g. dread, fear) in order to interpret
information about its risks (Peters and Meilleur 2016). Interestingly, affect may also enhance
memory of risk information (Tompkins, Bjalkebring, and Peters 2018), which would suggest that
people retain negative emotionally-stimulating information about cancer even after their initial
feelings subside. Indeed, exposure to affective cues like graphic images on cigarette packaging
have been found to induce negative affect to smoking and increase quit intentions several weeks

later (Evans et al. 2015).
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The framing of a risk as either societal or personal also appears to influence perceptions
of risk. Previous research has found that people do not necessarily draw from their general
societal-level risk perceptions in order to formulate their own personal perceptions of risk,
leading to two fairly distinct risk attitudes (Park, Scherer, and Glynn 2001). Personal risk
perceptions appear to be more difficult to influence with new information than societal-level risk
perceptions (Wahlberg and Sjoberg 2000), potentially as a result of an optimistic bias that leads
to an underestimation of risks involving ourselves versus others (Masiero et al. 2018). Due to the
effects of affective recall and differences in risk perceptions generated by societal versus

personal risk framing, we hypothesized that:

(H3): The frequency of participants reporting concern about cancer will be highest directly after
exposure to the societal-level cancer risk presented in the vignettes. The frequency of reporting
cancer concern will subsequently decrease when the risk is framed as a personal risk in a

separate hypothetical scenario.

When information about cancer employs narrative messaging and storytelling, it also
appears to result in stronger cognitive and affective responses, resulting in increased engagement
with the message and higher perceptions of risk (McQueen et al. 2011). This style of narrative
message format is often employed by journalists, sometimes with highly affective fear-arousing
messages, and has been found to increase both personal and societal-level perceptions of risk
(Paek, Oh, and Hove 2016; Dahlstrom, Dudo, and Brossard 2012). In contrast, viewing more
fact-based instructional information formats seems to result in less cancer fear than when

narrative formats are viewed (Kreuter et al. 2010).

Risk perceptions after exposure to information may also depend on the source
communicating risk because people expect different message content from different sources of
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information. For example, Longman et al. (2012) found that participants had higher perceptions
of risk after viewing uncertain risk information from sources they perceived as credible. This
was because participants expected those credible sources to provide information with a higher
degree of certainty and the presence of uncertain information was considered to be evasive.
Indeed, Trumbo and McComas (2003) found that people who considered governments to be
credible sources of information generally reported reduced perceptions of cancer risk when
presented with reassuring information that health departments had found no significant increase
in cancer risk in their communities. Still, few studies have used experiments to test the effects of
both the source of risk information and the information format, though it seems likely that both
are important factors shaping perceptions of cancer risk. Building off these prior works, we

hypothesized that:

(H4) The likelihood of reporting concern about cancer will be higher among participants viewing

the information from a news source, relative to those viewing the government source.

(H5) The likelihood of reporting concern about cancer will be higher among participants viewing

the information containing personal stories, relative to those not viewing personal stories.

4.2.3 Other factors influencing trust and concern

Other factors have also been found to impact perceptions of information trustworthiness such as
gender, income and education, which are known to moderate trust in various sources of health
information. For example, higher income individuals appear to find information from media
sources including the radio, television and social media to be less trustworthy than lower income
individuals (Brown-Johnson et al. 2018). Conversely, women and less educated individuals may

be more likely to trust health information reported by the media compared to men and more
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highly educated individuals (Smith 2011). In addition, an individual’s history of disease was
found to reduce the odds of reporting trust in government-related sources of health information

(Kwon et al. 2015).

Attitudes about cancer are also known to vary by certain sociodemographic
characteristics, which are likely to impact risk information interpretation. Although women
generally report a higher perceived risk of cancer than men, men who seek out cancer
information also tend to report frequent worry about cancer (McQueen et al. 2008). Lower
education and lower income levels have also been found to be associated with higher levels of
cancer dread (Lee et al. 2005). Health status is also an important factor influencing cancer risk
perceptions (Trumbo, McComas, and Kannaovakun 2007), likely because some medical
conditions serve as cancer risk factors and increase one’s cancer anxiety. In addition, being
someone who avoids taking risks with respect to environmental health hazards appears to be
associated with higher levels of cancer dread (Lee et al. 2005). In fact, the potential for harmful
environmental exposures seems to elicit large emotional reactions and overestimations of risk
(Béhm and Tanner 2018). Since this study randomly assigned participants to informational
vignettes that described a suspected cancer cluster, which are often hypothesized to have some
environmental link, we also included a measure related to concern about environmental pollution

in our analysis. We hypothesized that:

(H6) Effects of the information vignettes on the odds of reporting trust and/or concern will vary
across levels of sociodemographic variables (i.e. education, income, gender) and individual

characteristics (i.e. health satisfaction, being health conscious and concerned about pollution).
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4.3 METHOD

4.3.1 Vignettes and survey procedure

To test the hypotheses of this study, eight online surveys each containing different informational
vignettes were developed to conduct a randomized experiment. The experiment was used to
examine the effects of two information sources and four different information formats on
perceptions of trust and cancer concern. The risk event portrayed in all vignettes was described
as a cancer cluster in a fictitious community where public health officials were still investigating
potential causes. Consistent with the ‘Accidents as Signals’ model, wherein risk events that are
unknown and dreaded appear to result in the highest perceptions of risk due to the potential for
harm they signal (Slovic 1987), our focus on cancer clusters as a risk event was deliberate in

order to capture levels of concern that were measurable.

The informational vignettes differed by information source: they either appeared as an
online newspaper article about a cancer cluster investigation in a community, or they appeared as
an online government report about the same topic. The vignettes also differed by information
format: they either contained contextual information and personal stories, no contextual
information and personal stories, contextual information and no personal stories, or no contextual
information and no personal stories. Contextual information in the vignettes contained
information about historical environmental exposures in the community, the demographic
makeup of the community members, cancer latency, cancer incidence rates in the community
and surrounding region, and a risk ladder visual to contextualize cancer risks compared to other
commonly known risks (for an example, see Appendix 7-1). Personal stories in the vignettes
contained quotes from fictional local community members, including those diagnosed with
cancer, and a photograph of a cancer survivor (see Appendix 7-2). All vignettes contained basic
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descriptive information about the cancer cluster such as the number of cases of cancer in the
cluster, the total number of people living in the fictional community and the fact that the rate of
cancer was approximately double the national average. Vignette designs were based on real-life

government reports and news stories of cancer clusters from various jurisdictions.

The surveys developed contained numerous closed-ended questions related to
demographic variables such age, income, sex and education. Participants were also asked a series
of scaled questions related to health such as whether they were currently satisfied with their
health, how frequently they considered their health when making decisions and whether they
usually avoided taking risks for matters related to their health. After viewing the vignettes,
participants were asked scaled questions related to how trustworthy they found the information
in the vignette to be using a single survey item, as well as their level of concern about cancer
using three survey items detailed further in section 4.3.3 below. The whole experiment (vignette

and survey) was designed to take approximately 20-30 minutes to complete.

4.3.2 Participants

We recruited 172 Canadian participants between Fall 2019 and Fall 2020. Recruitment
advertisements were posted in numerous locations on a Canadian university campus and in
public community settings (e.g. libraries, parks) in the Greater Toronto and Hamilton Area in
Ontario, Canada. Recruitment advertisements were also distributed online on social media (e.g.
public Facebook groups) and in newsletters of a listserv for public health professionals in
Canada. We also recruited students from an undergraduate course that the study authors were
teaching in the Fall of 2019, who were offered a 1% bonus mark towards their final grades in
exchange for participation. All study participants could opt to be included in a prize draw to win
1 of 4 gift cards that were valued at $50CAD. All participants included in this study had to
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provide consent to participate. Once consent was collected anonymously, participants were
randomly assigned to view one of eight online surveys through Google Forms, which contained
one of eight embedded vignettes. Ethics approval for the study was obtained from McMaster

University’s Research Ethics Board (MREB# 1763).

Most participants identified as female (n=134, 77.9%) and 34.9% were highly educated
having either obtained a university graduate degree or a certificate/diploma above a bachelor’s
degree level (n=60). A little over half of the participants were aged between 18 to 24 (n=89,
51.7%) and were currently enrolled as students at an academic institution (n=102, 59.3%).
Approximately half of the study participants reported having an individual income below
$40,000 CAD (n=87, 50.6%); for reference, a single-individual Canadian whose after-tax income
was $25,153 CAD in 2019 would be classified as low-income (Statistics Canada 2021). A
summary of participant characteristics related to sociodemographic and individual characteristics

are found in Table 4-1.
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Table 4-1. Characteristics of survey participants (N=172).

Participant characteristics N %
Sex
Male 37 21.5
Female 134 77.9
Non-binary 1 0.6
Age
18-24 89 51.7
25-49 64 37.2
50+ 18 10.5
Did not report 1 0.6
Education above a university bachelor’s degree
Yes 60 34.9
No 112 65.1
Current student
Yes 102 59.3
No 70 40.7
Income
<$40,000 CAD 87 50.6
$40,000-80,000 CAD 44 25.6
>$80,000 CAD 24 14.0
Did not report 17 9.9
Satisfied with health
Yes 108 62.8
No or neutral 64 37.2
Avoids health risks
Yes 122 70.9
No or neutral 50 29.1
Health conscious
Always or frequently 89 51.7
Sometimes or rarely 83 48.3
Concerned about pollution
Yes or sometimes 132 76.7
No or not sure 40 23.3
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4.3.3 Outcome measures

4.3.3.1 Trust

Participants’ trust in the information they viewed was measured using a single survey item:
“When reading the information in the news story/government report, how trustworthy did you
think the information presented on cancer clusters was?”. The question specifically referenced
trust in information, rather than trust in the source of information they were viewing, as most
people hold prior-established beliefs about which information sources they find credible. Rather
than having participants potentially reflect on these prior beliefs, we sought to anchor their

judgments of trust around the information they were viewing.

The question originally appeared as a 5-category response question in the survey,
however, responses skewed towards the positive end and no participant selected the very
untrustworthy response category. As a result, we re-categorized trust as a binary variable by
grouping neutral responses with the somewhat untrustworthy responses and coding these as 0 to
represent an absence of trust, while coding the somewhat trustworthy and very trustworthy
responses as 1 to denote the presence of trust. This pattern of mid-point responses is not
uncommon in survey research and has been found to most likely represent attitudes of no opinion
or a negative opinion masked as neutral among respondents who are refraining from expressing

them (Gilljam and Granberg 1993; Sturgis, Roberts, and Smith 2014).
4.3.3.2 Cancer concern for three information treatments

The second outcome variable explored in this study was cancer concern, which was assessed
using three survey items that measured self-reported levels of concern. Since other studies have

found anxiety and concern about cancer to be strong predictors of cancer risk perceptions
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particularly when environmental hazards are involved (Lee et al. 2005; Trumbo, McComas, and
Kannaovakun 2007), we consider participants’ feelings of concern to indicate perceived cancer

risk either at a societal or personal level.

We first measured concern about cancer directly following exposure to the vignettes.
Concern was measured with the question: “How concerned are you about the cancer cluster
reported in the news story/government report?”. The question originally appeared as a 5-category
response question in the survey, however, responses to this item were categorized as binary
indicating either the presence of concern (=1) or absence of concern (=0). As the vignettes
presented information about a cancer cluster in a fictional community and referenced risks to a
population, this measure of cancer concern was used to indicate societal-level perceptions of

cancer risk.

Responses measuring personal-level perceptions of cancer risk were collected later in the
survey following the presentation of a hypothetical scenario. These responses were collected to
test our study’s third hypothesis and examine whether the levels of concern reported after
viewing the informational vignettes would change following exposure to a hypothetical scenario
about a cancer cluster in the participant’s own neighbourhood. First, we presented participants
with the following scenario: “Let’s say the historical rate of cancer diagnosis in your community
was 1 in 5,000 per year, and you found out that 5 cases of cancer were diagnosed in the
community last year (4 more than usual). Rate your level of concern about the excess cases of
cancer in your neighbourhood.” Responses to this item were categorized as binary indicating

either the presence of concern (=1) or absence of concern (=0).

Next, we provided participants with a more detailed reassuring explanation of cancer
rates relevant to the hypothetical scenario they were presented surrounding a cancer cluster in
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their own community. For this item, we sought to assess whether information in the vignettes as
well as reassuring information provided about the hypothetical scenario would affect
participants’ personal-level cancer risk perceptions. The survey item read: “Let’s say your local
public health agency investigated a suspected cancer cluster in your neighbourhood but found
that the excess in cancer cases could be explained by normal year-to-year variations in cancer
rates. Rate your level of concern about the excess cases of cancer in your neighbourhood.”.
Responses to this item were also categorized as binary indicating either the presence of concern

(=1) or absence of concern (=0).

4.3.4 Analyses

We explored whether there were associations between the vignettes (i.e. information source
and/or format) and perceived trust in the informational vignettes and cancer concern. We
calculated odds ratios for the binary outcome variables trust and three binary concern variables
by comparing participants who had viewed or not viewed vignettes containing news stories,
contextual information and personal stories. The R package epitools was used to calculate odds
ratios by median-unbiased estimation (mid-p) method with confidence intervals at the 95% level

(Aragon et al. 2020).

Chi-square tests for independence were carried out to include only variables that were
independent in stratified analyses. It was found that the variable ‘Avoids health risks’ was not
independent of the variable ‘Satisfied with health’ (X2 = 9.55, p < 0.01) nor ‘Health conscious’
(X?2=12.15, p <0.001). Therefore, ‘ Avoids health risks’ was omitted from further analyses. Age

was found not to be independent of income (X2 = 79.83, p < 0.001) and was also omitted.
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To examine whether the crude odds ratios calculated for the associations between the
vignettes and trust and concern varied across sub-groups of participants, we conducted
exploratory stratified analyses to calculate adjusted odds ratios for each sub-group strata.
Investigating the heterogeneity of treatment effects on various sub-groups in a randomized
experiment is useful for highlighting which sub-populations are most likely to be impacted by
the experimental treatments (Christensen, Bours, and Nielsen 2021). Based on the prior
literature, we selected six sub-groups (each containing two strata) to explore in our stratified
analysis consisting of income (above $40,000 CAD versus below $40,000 CAD, with 17
participants not reporting income being omitted), education (above a university bachelor’s
degree versus a university bachelor’s degree or below), gender (females versus non-females),
satisfied with health (yes versus no), concerned about environmental pollution (yes versus no)

and being health conscious (yes versus no).

In some instances, the stratification of sub-groups resulted in small numbers that required
the Haldane-Anscombe correction to be applied, whereby if one of the four cells of a stratified
2x2 contingency table contained a zero (i.e. zero cases or controls were reported for a given
treatment or no-treatment exposure), 0.5 was added to each of the four cell values. Wherever this
correction was applied, we used the small odds ratio estimation method to calculate adjusted
odds ratios for these sub-groups. This correction has been found to result in an approximately
unbiased odds ratio estimation (Lawson 2004). To summarize the results of the stratified
analyses, we used forest plots using the R package metafor (Viechtbauer 2010). It has been
suggested that when the outcome measure associated to a treatment differs by more than 10%

between sub-group strata, this can indicate effect heterogeneity (VanderWeele and Knol 2011).
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4.4 RESULTS

4.4.1 Trust

We found that the odds of perceiving the information in the vignettes as trustworthy was
significantly lower among participants who viewed the news story vignettes (OR 0.48, 95% ClI

0.26-0.88, p = 0.02) (Table 4-2).

Table 4-2. Crude odds of perceiving information as trustworthy by informational vignette viewed.

Informational vignette Informational vignette perceived as OR (95% C.1)
trustworthy N (%)

Source Yes No

News 37 (44.6%) 46 (55.4%) 0.48* (0.26-0.88)

Government 56 (62.9%) 33 (37.1%) 1.00 (reference)

Format

Contextual information 54 (62.8%) 32 (37.2%) 2.02% (1.10-3.75)

present

No contextual 39 (45.3%) 47 (54.7%) 1.00 (reference)

information

Personal stories present 43 (50.6%) 42 (49.4%) 0.76 (0.41-1.39)

No personal stories 50 (57.5%) 37 (42.5%) 1.00 (reference)

Note: +p < 0.1, *p < 0.05, **p < 0.01, *** p < 0.001.

Of the 89 participants who had viewed the government source vignettes, most reported the
information as being trustworthy (N=56, 62.9%), whereas of the 83 participants who had viewed
the news source vignettes, most reported the information viewed as not trustworthy (N=46,
55.4%). Our results also showed that there was a significant increase in the odds of participants

reporting the information as trustworthy when they viewed the vignettes containing contextual
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information (OR 2.02, 95%CI 1.10-3.75, p = 0.02). The odds of reporting the information as
trustworthy were not significantly different between participants who had viewed the vignettes

containing personal stories compared to those who had not (OR 0.76, 95%CI 0.41-1.39, p =

0.37).

4.4.2 Concern

Figure 4-1 displays the percentage of participants reporting feeling concerned about cancer in
response to the three information treatments (consisting of the vignette and two hypothetical

scenarios).

50

/
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Percentage reporting concern (%)
N
o

—
o

Informational vignette Hypotheticél scenario Hypothetical scenario and reassuring information
Information treatment

Legend News source == Government source == Contextual information Personal stories
Figure 4-1. Percentage of participants reporting feeling concerned about cancer after exposure to
information treatments consisting of informational vignette, hypothetical scenario, and hypothetical

scenario plus reassuring information, by informational vignette viewed.
Note: vignette information source and format categories are not mutually exclusive.
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After viewing a vignette, 48.3% of participants who had viewed the informational vignette
authored by a government source reported feeling concerned about cancer. Of the participants
who had viewed contextual information in their vignette, 41.9% reported feeling concerned
about cancer, followed by 37.6% of participants who had viewed personal stories and 37.3%
who had viewed the news source. After being presented the first hypothetical scenario and asked
to report their cancer concern when considering the risk to their own community, there was a
decline in the percentage of participants reporting concern among those who had viewed a
government source vignette and/or contextual information (36.0% and 30.2%, respectively). The
frequency of reporting concern about cancer appeared to remain steady or increase slightly
among those who had viewed a vignette containing the news source or personal stories. After
being presented with a hypothetical scenario and reassuring information, participants who had
viewed a government source vignette and/or contextual information again saw large decreases in
the frequency of reporting concern (7.9% and 9.3%, respectively). In comparison, the percentage
of participants reporting cancer concern was higher among those who had viewed the news

source vignettes and personal stories (20.5% and 22.4%, respectively).

Associations between the three concern variables and the vignettes viewed are
summarized in Table 4-3. For the first concern variable, which reflected participants’ concern
about cancer after they viewed the informational vignette where risk was framed at a societal
level, the odds of reporting concern were lower among those who had viewed news stories
compared to those who had viewed the government source (OR 0.64, 95%CI 0.35-1.18).
Participants who reported cancer concern were also less likely to have viewed the vignettes
containing contextual information and personal stories (OR 0.91, 95%CI 0.50-1.67, p = 0.76 and

OR 0.65, 95%CI 0.35-1.19, p = 0.16, respectively).
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Table 4-3. Crude odds of reporting concern about cancer after viewing information treatments, consisting of informational vignette, hypothetical
scenario, and hypothetical scenario plus reassuring information, by informational vignette viewed.

Informational Reported cancer concern OR Reported cancer concern OR Reported cancer concern OR
vignette after informational (95% C.1) after hypothetical (95% C.1.) after hypothetical (95% C.1.)
vignette N (%0) scenario N (%o) scenario with reassuring
information N (%)
Source Yes No Yes No Yes No
News 31 (37.3) 52 (62.7%) 0.64 30 (36.1%) 53 (63.9%) 1.01 17 (20.5%) 66 (79.5%) 2.96*
(0.35-1.18) (0.54-1.89) (1.19-8.17)
Government 43 (48.3%) 46 (51.7%) 1.00 32 (36.0%) 57 (64.0%) 1.00 7 (7.9%) 82 (92.1%) 1.00
(reference) (reference) (reference)
Characteristics
Contextual 36 (41.9%) 50 (58.1%) 0.91 26 (30.2%) 60 (69.8%) 0.60 8 (9.3%) 78 (90.7%) 0.45%
information present (0.50-1.67) (0.32-1.13) (0.17-1.11)
No contextual 38 (44.2%) 48 (55.8%) 1.00 36 (41.9%) 50 (58.1%) 1.00 16 (18.6%) 70 (81.4%) 1.00
information (reference) (reference) (reference)
Personal stories 32 (37.6%) 53 (62.4%) 0.65 33(38.8%) 52 (61.2%) 1.27 19 (22.4%) 66 (77.6%) 4.58**
present (0.35-1.19) (0.68-2.38) (1.72-14.72)
No personal stories 42 (48.3%) 45 (51.7%) 1.00 29 (33.3%) 58 (66.7%) 1.00 5 (5.7%) 82 (94.3%) 1.00
(reference) (reference) (reference)

Note: +p < 0.1, *p < 0.05, **p < 0.01, *** p < 0.00L.
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The second concern variable measured reported cancer concern given a hypothetical
scenario in which a suspected cancer cluster occurred in the participant’s own community
framed as a personal risk. Table 4-3 shows that there was no apparent difference in the odds of
reporting concern between participants who had viewed the news vignettes and government
vignettes (OR 1.01, 95%CI 0.54-1.89, p = 0.98). Participants appeared less likely to report

concern about cancer after they had viewed the vignettes with contextual information and were

more likely to report concern after they had viewed the vignettes containing personal stories (OR

0.60, 95%CI 0.32-1.13, p = 0.12 and OR 1.27, 95%CI 0.68-2.38, p = 0.46).

When participants were provided with a hypothetical scenario and reassuring
information, where cancer risk was again framed as a personal risk, the odds of reporting
concern about cancer differed relative to when they reported concern after viewing the
hypothetical scenario alone. Table 4-3 shows that the odds of reporting cancer concern were
significantly higher among participants who had viewed the news vignettes (OR 2.96, 95%ClI
1.19-8.17, p = 0.02). Participants reporting concern were also less likely to have viewed
vignettes with contextual information (OR 0.45, 95%CI 0.17-1.11, p = 0.08) and significantly
more likely to have viewed vignettes with personal stories (OR 4.58, 95%Cl 1.72-14.72, p <

0.01).

4.4.3 Results from stratified analyses

We observed some effect heterogeneity between the sub-groups when examining the odds of
reporting the information as trustworthy by vignette type summarized in Figure 4-2. Among
participants viewing the news source vignettes, the odds of reporting trust (relative to those
viewing the government source vignettes) was lower among those who had obtained an

education above a bachelor’s degree (OR 0.35, 95%CI 0.12-1.00, p = 0.05).
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N exposed N reference

reporting reporting
Covariates trust Y/N trust Y/N Estimate [95% CI]
News source
Not health conscious 17/21 27/18 - 0.54 [0.22, 1.31
Health conscious ) 20/25 29/15 .- 0.4210.17, 0.98
Not concerned about pollution  12/11 12/05 e 0.47 [0.11, 1.75
Concerned about pollution 25/35 44/28 - 0.46 [0.22, 0.92
Not satisfied with health 10/22 17/15 L 0.410.14, 1.13
Satisfied with health 27/24 39/18 f—-—] 0.52[0.24, 1.15
Lowest income 16/24 27/20 - 0.50[0.21, 1.18
Highest income 15/17 12/24 f—-— 0.45[0.16, 1.19
Lowest education 25/30 34/23 - 0.57 [0.26, 1.20
Highest education 12/16 10/22 - 0.35[0.12, 1.00
Non-female 8/10 12/8 - 0.54 [0.14, 2.00
Female 29/36 44/25 0.46 [0.23, 0.92
Overall combined 37/46 56/33 - 0.48 [0.26, 0.88
Contextual information
Not health conscious 28/15 16/24 i - 2.75[1.14, 6.90
Health conscious . 26/17 23/23 f——= ! 1.52[0.65, 3.59
Not concerned about pollution  6/13 11/10 — - | 1.9210.53, 7.51
Concerned about pollution 41/26 28/37 it = { 2.07 [1.03, 4.20
Not satisfied with health 16/16 11/21 F— L i 1.88 [0.69, 5.32
Satisfied with health 38/16 28/26 ; = i 2.1810.99, 4.92
Lowest income 23/19 20/25 ——= 1 1.50 (0.64, 3.56
Highest income 12/24 15/17 (o = | 2.23[0.84, 6.14
Lowest education 30/23 29/30 [ { 1.34 [0.64, 2.86
Highest education 9/24 10/17 b - B 4.37 [1.49, 13.83
Non-female 10/3 10/15 i - 4.66 [1.08, 26.40
Female ) 44/29 29/32 H = ! 1.67 [0.84, 3.35
Overall combined 54/32 39/47 i} = ! 2.02[1.10, 3.75
Personal stories
Not health conscious 21/24 23/15 f—-——q 0.58 [0.23, 1.38
Health conscious ) 22/18 27/22 f—m { 1.00 [0.43, 2.33
Not concerned about pollution  10/8 8/14 —— 0.7210.19, 2.65
Concerned about pollution 33/34 36/29 —-— 0.78[0.39, 1.56
Not satisfied with health 12/18 15/19 - 0.84 [0.31, 2.32
Satisfied with health 31/24 35/18 f— -] 0.67 [0.30, 1.46
Lowest income 23/20 20/24 f—— i 1.37(0.59, 3.24
Highest income 15/16 24/13 - 0.510.19, 1.37
Lowest education 30/28 29/25 [ S— 0.9210.44, 1.95
Highest education 13/14 12/21 - 0.54 10.18, 1.52
Non-female 8/11 12/7 - 0.44 [0.11, 1.61
Female ) 35/31 38/30 —— 0.89[0.45, 1.77
Overall combined 43/42 50/37 f—-——] 0.76 [0.41, 1.39

T T T T T ]
0 05 1 2 4 6

Odds: Reporting information as trustworthy

Figure 4-2. Forest plot displaying stratified analyses for the odds of reporting information viewed as trustworthy, by covariate strata and exposed
informational vignette treatment group.
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The overall combined crude odds of trust after viewing the news vignettes were 0.48
(95%CI1 0.26-0.88, p = 0.02). There also appeared to be an association between some covariates
and trust when viewing vignettes containing contextual information. We observed increased odds
of reporting trust among non-female participants (OR 4.66, 95%CI 1.08-26.40, p = 0.04),
participants with higher education (OR 4.37, 95%CI 1.49-13.83, p <0.01) and those who
reported not being health conscious (OR 2.75, 95%1.14-6.90, p = 0.02). The overall combined
crude odds ratio for contextual information and trust was 2.02 (95%CI 1.10-3.75, p = 0.02).
There did not appear to be any noteworthy effect heterogeneity among participants viewing

personal stories.

Figure 4-3 displays the results of the stratified analyses examining the odds of reporting
concern about cancer after viewing the vignettes. Only one sub-group was found to have a
significant association with the odds of reporting cancer concern, which was observed for the
personal stories vignettes. We did not observe any significant effect heterogeneity between sub-
groups when examining the associations between the vignette treatment groups and odds of

reporting cancer concern after viewing the hypothetical scenario (Figure 4-4).
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N exposed N reference
reporting reporting

Covariates concern Y/N concern Y/N Estimate [95% CI]
News source ]

Not health conscious 11/27 21/24 - 0.47[0.18,1.17
Health conscious 20/25 22/22 - 0.80[0.34, 1.86
Not concerned about pollution  8/15 5/12 [ — { 1.26 [0.32, 5.31
Concerned about pollution 23/37 38/34 . 0.56 [0.28, 1.12
Not satisfied with health 8/24 14/18 o 0.44[0.14, 1.26
Satisfied with health 23/28 29/28 - 0.80(0.37,1.70
Lowest income 11/29 22/25 - 0.44[0.17,1.07
Highest income 16/16 18/18 I - ! 1.00 [0.38, 2.63
Lowest education 22/33 32/25 - 0.5210.24, 1.11
Highest education 9/19 11/21 f = ! 0.91[0.30, 2.71
Non-female 4/14 4/16 } - { 1.1410.22, 5.95
Female 27/38 39/30 - 0.55[0.27, 1.09
Overall combined 31/52 43/46 —-—] 0.64 [0.35, 1.18
Contextual information

Not health conscious 16/27 16/24 — 0.89[0.36, 2.18
Health conscious 20/23 22/24 - 0.95[0.41, 2.20
Not concerned about pollution  4/15 9/12 —— 0.37 [0.08, 1.48
Concerned about pollution 32/35 29/36 B 1.13[0.57, 2.26
Not satisfied with health 12/20 10/22 } — I 1.31 [0.46, 3.80
Satisfied with health 24/30 28/26 f—-—— 0.75[0.35, 1.59
Lowest income 16/26 17/28 \‘ = I 1.01[0.42, 2.44
Highest income 16/20 18/14 - 0.63[0.23, 1.65
Lowest education 23/30 31/28 - 0.70 [0.33, 1.47
Highest education 13/20 7/20 — = i 1.8310.61, 5.87
Non-female 2/11 6/19 f—a— ! 0.61[0.07, 3.32
Female 34/39 32/29 ] 0.79 [0.40, 1.57
Overall combined 36/50 38/48 - 0.91[0.50, 1.67
Personal stories {

Not health conscious 14/31 18/20 — 0.5110.20, 1.25
Health conscious 18/22 24/25 - 0.85[0.36, 2.00
Not concerned about pollution  6/12 7/15 } = { 1.07 [0.27,4.19
Concerned about pollution 26/41 35/30 - 0.550.27,1.09
Not satisfied with health 10/20 12/22 f = { 0.920.32, 2.62
Satisfied with health 22/33 30/23 —— 0.520.24, 1.1
Lowest income 15/28 18/26 f———— 0.78 [0.32, 1.86
Highest income 12/19 22/15 a— 0.44[0.16,1.16
Lowest education 29/29 25/29 —— 1.16 [0.55, 2.45
Highest education 3/24 17/16 f—] i 0.13[0.02, 0.46
Non-female 4/15 4/15 f = i 1.00 [0.19, 5.21
Female 28/38 38/30 - 0.58 [0.29, 1.16
Overall combined 32/53 42/45 —-—d] 0.65[0.35, 1.19

0 05 1 2 4 6
Odds: Concern after vignette

Figure 4-3. Forest plot displaying stratified analyses for the odds of reporting concern about cancer after viewing the informational vignettes, by
covariate strata and exposed informational vignette treatment group.
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N exposed N reference
reporting reporting

Covariates concern Y/N concern Y/N Estimate [95% CI]
News source

Not health conscious 10/28 19/26 - 0.50[0.19, 1.25
Health conscious 20/25 13/31 = = ! 1.8910.79, 4.65
Not concerned about pollution  8/15 4/13 f : = | 1.69[0.41,7.88
Concerned about pollution 22/38 28/44 . 0.91[0.44, 1.85
Not satisfied with health 8/24 9/23 —= I 0.86 [0.27, 2.66
Satisfied with health 22129 23/34 f—— 1.12[0.52, 2.43
Lowest income 15/25 16/31 —= i 1.16 [0.48, 2.83
Highest income 12/20 15/21 - 0.84 [0.31,2.26
Lowest education 25130 23/34 » 0.59 [0.59, 0.70
Highest education 5/23 9/23 - 0.57 [0.15, 1.94
Non-female 7/11 8/12 f ] i 0.96 [0.25, 3.64
Female 23/42 24/45 — 1.03 [0.50, 2.10
Overall combined 30/53 32/57 f——] 1.01[0.54, 1.89
Contextual information

Not health conscious 12/31 17/23 - 0.53[0.21,1.32
Health conscious 14/29 19/27 f— 0.69[0.28, 1.65
Not concerned about pollution  6/13 6/15 ; . | 1.15]0.28, 4.68
Concerned about pollution 20/47 30/35 ] 0.50[0.24, 1.02
Not satisfied with health 7125 10/22 ] 0.62[0.19, 1.93
Satisfied with health 19/35 26/28 - 0.590.27, 1.28
Lowest income 11/31 20/25 - 0.45(0.18, 1.10
Highest income 14/22 13/19 I = ! 0.9310.35, 2.50
Lowest education 18/35 30/29 [ — 0.50[0.23, 1.07
Highest education 8/25 6/21 f & | 1.11[0.33, 3.96
Non-female 5/8 10/15 | L I 0.94 [0.22, 3.81
Female 21/52 26/35 — 0.550.26, 1.12
Overall combined 26/60 36/50 Ha— 0.60[0.32, 1.13
Personal stories :

Not health conscious 17/28 12/26 f - { 1.31[0.52, 3.34
Health conscious ) 16/24 17132 : - | 1.2510.52, 3.00
Not concerned about pollution  6/12 6/16 f —a | 1.3210.33, 5.42
Concerned about pollution 27/40 23/42 P 1.2310.61, 2.51
Not satisfied with health 11/19 6/28 = = - 2.63[0.84, 9.01
Satisfied with health 22/33 23/30 —-— 0.87 [0.40, 1.88
Lowest income 18/25 13/31 — ] f 1.70 [0.70, 4.23
Highest income 11/20 16/21 —.—] 0.73[0.26, 1.95
Lowest education 29/29 19/35 [ = I 1.83[0.86, 3.97
Highest education 4/23 10/23 . 0.41[0.10, 1.46
Non-female 8/11 7/12 } — 1 1.24[0.33,4.78
Female _ 25/41 22/46 ——= I 1.27 10.62, 2.61
Overall combined 33/52 29/58 b 1.27 [0.68, 2.38

\ T T \ \ 1
0 05 1 2 4 6

Odds: Concern after scenario
Figure 4-4. Forest plot displaying stratified analyses for the odds of reporting concern about cancer after presentation of a hypothetical scenario,
by covariate strata and exposed informational vignette treatment group.
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The stratified analyses for the odds of reporting concern about cancer after viewing the
hypothetical scenario and reassuring information revealed significant effect heterogeneity among
several sub-groups (Figure 4-5). For the news source vignette treatment group, we observed
increased odds of reporting cancer concern among participants who reported being health
conscious (OR 4.90, 95%CI 1.14-37.03, p = 0.03), being concerned about pollution (OR 3.31,
95%CI 1.29-9.36, p = 0.01) and being satisfied with their health (OR 4.20, 95%CI 1.17-20.67, p
=0.03). The overall combined crude odds ratio for news source and concern was 2.96 (95%ClI
1.19-8.17, p = 0.02). Among participants viewing contextual information, the odds of reporting
concern about cancer after viewing the hypothetical scenario and reassuring information were
significantly lower among those who reported not being health conscious (OR 0.24, 95%CI 0.05-
0.87, p = 0.03) relative to the overall combined crude odds of concern (OR 0.45, 95%CI 0.17-
1.11, p = 0.08). For the personal stories vignette treatment group, we observed increased odds of
reporting cancer concern among participants who reported not being health conscious (OR 11.70,
95%CI 2.10-297.35, p <0.01), not being satisfied with their health (OR 6.34, 95%CI 1.42-49.11,
p = 0.01) and those in the lower education stratum (OR 5.63, 95%CI 1.70-26.74, p <0.01). The
overall combined crude odds ratio for personal stories and concern was 4.58 (95%CI 1.72-14.72,

p <0.01).
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N exposed N reference

reporting reporting

Covariates concern Y/N concern Y/N Estimate [95% CI]
News source

Not health conscious 8/30 5/40 — = i 2.09 g0.62, 7.76
Health conscious 9/36 2/42 i = P 4.90(1.14, 37.03
Not concerned about pollution  1/22 017 —a P 0.74[0.13, 18.66
Concerned about pollution 16/44 7/65 it = | 3.31[1.29, 9.36
Not satisfied with health 7125 4/28 — = 1 1.91[0.50, 8.37
Satisfied with health 10/41 3/54 1 = P 4.20[1.17, 20.67
Lowest income 9/31 4/43 f = P 3.02(0.88, 12.44
Highest income 3/29 2/34 f = = 1.71[0.24, 15.52
Lowest education 13/42 5/52 I = i 3.13[1.07, 10.67
Highest education 4/24 2130 f = P 2.39[0.40, 20.61
Non-female 5/13 0/20 b = P 5.18[0.98, 83.06
Female ) 12/53 7/62 [ = ! 1.98 [0-73, 5.75
Overall combined 17/66 7/82 P = | 296 ([1.19, 8.17
Contextual information

Not health conscious 3/40 10/30 H—: 0.24[0.05, 0.87
Health conscious 5/38 6/40 —. 0.88[0.23, 3.26
Not concerned about pollution  0/19 1/20 f : i 0.20[0.04, 6.25
Concerned about pollution 8/59 15/50 - 0.4610.17, 1.16
Not satisfied with health 3/29 8/24 - 0.32[0.06, 1.29
Satisfied with health 5/49 8/46 — 0.60 [0.16, 1.96
Lowest income 5137 8/37 — - 0.63[0.17, 2.13
Highest income 2134 3/29 —a— ! 0.59 [0.06, 4.10
Lowest education 5/48 13/46 H— 0.38 0.1, 1.10
Highest education 3/30 3124 —a ! 0.800.13, 5.05
Non-female 0/13 5/20 ] 0.11[0.03, 2.31
Female 8/65 11/50 - 0.56[0.20, 1.52
Overall combined 8/78 16/70 FH— 0.45[0.17, 1.11
Personal stories

Not health conscious 12/33 1/37 1 P 11.70 [2.10, 297.35
Health conscious . 7133 4/45 f— - | 2.33[0.63, 9.89
Not concerned about pollution  1/17 0/22 } i P 1.22[0.21, 30.47
Concerned about pollution 18/49 5/60 . = P 4.28[1.56, 14.00
Not satisfied with health 9/21 2/32 ; = P 6.34[1.42, 49.11
Satisfied with health 10/45 3/50 ; = P 3.55[0.99, 17.46
Lowest income 9/34 4/40 } = I 2.57 [0.75, 10.56
Highest income 4/27 1/36 } = P 4.76 [0.62, 135.28
Lowest education 15/43 3/51 f L P 5.63[1.70, 26.74
Highest education 4/23 2/31 f = P 257043, 22.21
Non-female 4/15 1/18 I = P 4.23[0.52, 124.78
Female 15/51 4/64 1 = P 453[1.52, 17.20
Overall combined 19/66 5/82 [ = P 4.58[1.72, 14.72

T T T T T 1
0 1 2 4 6 12

Odds: Concern after scenario and reassuring information

Figure 4-5. Forest plot displaying stratified analyses for the odds of reporting concern about cancer after presentation of a hypothetical scenario
and reassuring information, by covariate strata and exposed informational vignette treatment group
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4.5 DISCUSSION

The findings of this study show that information about cancer from some sources and formats is
perceived as more trustworthy and may amplify concerns about cancer at a societal level in
response to a risk event. Our findings also suggest that viewing information initially
characterized as less trustworthy could lead to higher perceptions of cancer risk at a personal
level when compared to viewing information considered more trustworthy. Effects of the
treatments on trust and concern varied among some of the sub-groups we examined. This work
has important implications for how we inform the public about cancer risks — particularly risks
related to environmental hazards — in order to garner public trust and avoid overreactions to
hazards that may pose little risk. Below we address these implications and discuss our findings in

more detail.

This study found that information from a government source and information containing
contextual information were associated with a doubling in the odds of perceiving the information
to be trustworthy. This suggests that governments’ cancer risk communications are likely to be
trusted. It also suggests that any communicators of cancer risk information should consider
crafting messages that contain contextual information about risk to increase perceptions of
information trustworthiness. These findings were consistent with prior work that identified
governments as generally trusted sources of cancer information (Trivedi et al. 2020) and the
media as less trustworthy (Somera et al. 2016). The positive association we observed between
contextual information and trust was also consistent with other experimental research that found
that sources of cancer information were considered trustworthy when they included contextual

information (Jensen 2008).
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Unlike some previous research (McQueen et al. 2011), we did not find the use of
personal stories in our informational vignettes to be associated with an increase in the likelihood
of perceiving the information to be trustworthy. This may be due to the fact that the narratives
used in our informational vignettes consisted mostly of first-hand accounts from fictional
community members, who may not be perceived as the most credible sources of information.
Indeed, Winterbottom et al. (2008) suggested that the expertise of the speaker is an important
factor influencing the perceived credibility of narrative information. Therefore, it’s possible that
our vignettes containing personal stories may have been perceived as more trustworthy had they
contained narratives from trusted experts rather than citizens. Future work exploring the
trustworthiness of narrative information could build on this work by testing responses to various

types of speakers.

Our results confirmed our third hypothesis that the frequency of participants reporting
concern about cancer would differ in response to different information treatments framing the
risk as either societal or personal. We found that concern about cancer was reported more
frequently directly after viewing the informational vignettes, which framed the risk of cancer at a
societal level. The frequency of concern subsequently decreased after participants were presented
the hypothetical scenarios where risk was framed at a personal level. This finding is consistent
with prior work that found perceptions of personal cancer risks tend to be lower than people’s

perceptions of risks to others (Masiero et al. 2018).

Still, the decline in concern observed across the three information treatments were not
equal across vignette groups, suggesting differences in risk framing between the vignettes and
hypothetical scenarios did not solely account for these differences in reported concern. The

percentage of participants reporting cancer concern was initially higher among those who had
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viewed the government source and contextual information vignettes. This result can be
contextualized by our finding that participants viewing the government source and contextual
information vignettes were more likely to perceive the information as trustworthy and
perceptions of risk tend to be higher after viewing information from sources perceived as more

credible (Longman et al. 2012).

In contrast, participants who had viewed the news source and/or personal stories
vignettes reported cancer concern less frequently initially (directly after viewing the vignettes)
compared to government and contextual information vignette groups; however, larger
percentages of these participants reported feeling concerned after reading the hypothetical
scenario and reassuring information. This result could suggest that affective recall may have
played a role in amplifying concerns about cancer in the news source and personal stories
vignette groups. Although our experiment did not measure affect, a more detailed study linking
information characteristics to heuristic or systematic ways of information processing could offer
insights into the role that information plays in shaping affective responses such as cancer dread.
This result was also consistent with previous work that has found that narrative information and
affective cues in news information may produce concerns even after people’s initial reactions
subside (Tompkins, Bjélkebring, and Peters 2018). Therefore, these findings suggest that
personal stories could be leveraged as a way to elicit concerns about cancer that are modifiable
based on personal risks. The implications of this finding on health behaviour change and cancer

prevention warrant closer attention going forward.

The results from our stratified analyses suggest that the effects of the vignette treatments
on trust varied among some sub-populations in our study. For example, we observed an

association between higher education and lower odds of trust in information when viewing the
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news source vignettes that was consistent with findings from other researchers (Smith 2011).
However, we did not observe any significant effect heterogeneity among sub-groups and concern
after viewing the vignettes that have been found in other studies. Unlike some previous research,
we did not find females, lower income individuals nor participants citing concerns over
environmental pollution to be at a higher odds of reporting concern about cancer among any of
the vignette treatment groups. However, it should be noted that due to the large proportion of
students in our sample, it is difficult to evaluate the effects of income on the outcome variables
given some students reporting low individual incomes may have belonged to higher household

and/or family income categories.

Still, our stratified analyses revealed that the influence of the vignette treatments on
cancer concern after the hypothetical scenario and reassuring information varied between some
sub-groups. For example, the odds of concern were higher after viewing the news source
vignettes among participants who reported feeling satisfied with their health and being health
conscious. This may be because participants who felt satisfied with their health felt more
threatened by the prospect of a negative health consequence like cancer and personal perceptions
of risk became amplified after reading or recalling the information from the news source. On the
other hand, individuals who reported not being satisfied with their health appeared to have a
higher likelihood of reporting cancer concern after viewing the hypothetical scenario and
reassuring information if they had previously viewed the personal stories vignettes. It’s possible
that participants experiencing ill-health experienced more affective responses to the personal
stories about cancer because they were able to relate to the narratives. These observations
warrant further study into the psychology of health and well-being and how feelings of health or

ill-health could impact perceptions of personal risk of disease.
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The findings of this work have demonstrated the importance of considering information
source and format as key variables when studying the influence of cancer information on
perceived trust and concern. The random assignment of participants to the experimental
treatments was a major strength of this work and provided high internal validity for this study.
Nonetheless, this study has important limitations to consider. First, our study relied on the
recruitment of participants that mostly took place on a university campus in Canada, which led to
an oversampling of university-educated younger-aged participants impacting external validity. A
gender bias was also observed in our sample, which may simply reflect a difference in the
willingness of female-identifying participants to volunteer for research about health risks
particularly during a global pandemic. It is also worth noting that the stories presented to
participants about a fictional community may not have elicited the same levels of concern that an
actual cancer cluster in someone’s community would, which may further impact this work’s

external validity.

Second, despite our exploratory stratified analyses identifying effect heterogeneity
between some sub-groups, our study did not carry out interaction tests to confirm the presence of
effect modifiers. Our stratified analyses were limited by small numbers. Therefore, due to issues
related to inadequate power and multiple comparisons, results from these analyses serve as more
of a starting point for generating hypotheses and exploring these potential interactions in future
research. Still, our use of stratified analyses to explore how the odds of trust and concern may

vary by sub-groups improves this study’s external validity.

Third, our outcome variables trust and concern were assessed using single-item scales,
which may have reduced the reliability and validity of these measures. Future work measuring

these outcomes should consider the use of multiple-item scales to consistently and accurately
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measure perceptions of trust and concern. Further, given that we did not ask participants about
trusted sources of cancer information before the experiment, we can’t say definitively whether
participants’ trust in the information that we measured was based more on prior judgments of
trustworthy sources or the informational vignettes viewed. However, it has been suggested that
people tend to base perceptions of trust on both initial judgments and update their perceptions

over time after receiving new information (Chang et al. 2010).

4.6 CONCLUSION

In conclusion, our study provides insights into the complex relationship between information,
trust and concerns about cancer. Building off the theory of the social amplification of risk
(Kasperson et al. 1988), we have shown that trust in information source and/or format appear to
be important in shaping the way that risks around cancer are amplified and perceived. While
participants in our study considered government sources and contextual information as
trustworthy when considering a societal-level risk, viewing these types of information also
coincided with a higher frequency of feeling concerned about cancer. Information from news
sources and personal stories were considered to be less trustworthy, yet they were associated
with a much higher frequency of feeling concerned about personal cancer risks. Our findings
also suggest that the news media and narrative message formats may play an important role in
increasing the affective recall of cancer risk information and may amplify perceptions of

personal cancer risk, which could encourage more health protective changes to behaviour.
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CHAPTER 5

Impacts of numeracy, health literacy and health information-seeking on cancer risk
management beliefs: A cross-sectional study

Submitted for publication as: Slavik, C.E., Yiannakoulias, N., Wilton, R., Scott, F. (2022).
Impacts of numeracy, health literacy and health information-seeking on cancer risk management
beliefs: A cross-sectional study. Health Education & Behavior (Submitted April 2022).

5.1 INTRODUCTION

Many cancers have been linked to potentially modifiable risk factors representing opportunities
to reduce cancer morbidity and mortality through changes of behavior. Nearly half of cancer
deaths in the United States were recently attributed to modifiable risk factors such as smoking,
excess body weight and the consumption of alcohol (Islami et al., 2018). Thus, understanding
how and why healthy decisions are made and whether they can be motivated by educational

interventions has become a key goal of health promotion.

Numerous theories have been developed and applied to understand how information may
influence taking health protective actions. Among these theories, protection motivation theory is
thought to be particularly useful for predicting cancer-preventive behaviors such as the uptake of
cancer screening (Seyde et al., 1990). The theory originally stemmed from research around fear
appeals — communications using fear-based messaging to stimulate individuals’ concerns about
the negative consequences of their behaviors — and how they could stimulate health protective
actions by generating a desire to avoid negative consequences (Milne et al., 2000). As cancer is a
highly feared and dreaded disease (Lee et al., 2005), fear is thought to be an important motivator
influencing the adoption of behaviors related to cancer. Protection motivation theory describes

two cognitive processes that individuals carry out to reduce or eliminate negative health
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consequences and protect themselves. The first process, threat appraisal, occurs when assessing

the severity of a threat like cancer and one’s vulnerability to itS consequences.

The second process, coping appraisal, includes an assessment of one’s own capabilities to
cope with the threat by taking some recommended action like scheduling a colonoscopy (i.e.
self-efficacy belief) as well as an assessment of whether the recommended action taken would be
effective at reducing the threat (i.e. response efficacy belief) (Prentice-Dunn & Rogers, 1986).
The two coping appraisals differ primarily on the basis of perceptions of control over the threat.
Self-efficacy beliefs are subject to individual attitudes about internal (self) regulation and control
in managing risks (e.g. I can quit smoking to avoid developing lung cancer) (Bandura, 1982). In
comparison, response efficacy beliefs depend more on individual attitudes around external
control such as policy or institutional effectiveness (e.g. this smoking cessation program can help
me avoid developing lung cancer) (Rogers, 1983). Understanding these differences is important
as they may require different cognitive interventions and/or message framing to motivate actions

(Keller, 2006).

The threat appraisal process is often the target of cancer education campaigns that aim to
inform the public about the risk of cancer. However, measures of coping appraisal like self-
efficacy appear to serve as better predictors of adopting cancer-preventive behavior changes
(Bashirian et al., 2019; Wong, 2009). This could be because when people believe they have some
level of control over their cancer risk, they apply that confidence to carry out actions to cope
with the risk. Indeed, when people believe that cancer poses a large threat and there isn’t much
they can do to manage the risk, they seem to take less action (Kobayashi & Smith, 2016).

However, the mechanisms behind developing self-efficacy and response efficacy beliefs that
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precede action are not well understood, which makes it difficult to design interventions that

target coping appraisals to increase the uptake of cancer-preventive behaviors.

Prior research has identified individual knowledge, information seeking behaviors and
some sociodemographic characteristics as key factors impacting efficacy beliefs. For example,
individual competencies such as high numeracy skills have been associated with higher self-
efficacy beliefs related to managing health (Chen & Feeley, 2014; Osborn et al., 2010). This may
be due to highly numerate individuals possessing the skills to understand and interpret numeric
health risk information, resulting in self-confidence to apply statistical information to assess
one’s own personal risk circumstances. In addition, low levels of health literacy have been linked
to decreased self-efficacy, particularly with respect to participating in cancer screening (von
Wagpner et al., 2009). This is likely because having limited health literacy is indicative of having
less awareness about cancer and therefore less knowledge of cancer prevention services (Waters
et al., 2018). Associations have also been found between health literacy scores and self-efficacy

for diabetes care (Ishikawa et al., 2008).

When it comes to response efficacy beliefs, lower cognitive abilities have been found to
influence perceptions of expert competence and views of science (Dieckmann et al., 2017),
which are known to impact risk management responses such as people’s perceived effectiveness
of proposed solutions. For example, perceptions of expert competence appear to decline in the
presence of uncertain information, which is often presented using numerical range estimates that
require numeric skills to interpret (Dieckmann et al., 2015; Johnson & Slovic, 1995). Therefore,
it may be that higher numeracy results in a greater ability to interpret statistical findings,
recognize gaps in scientific research and acknowledge the limits of expert knowledge. Whether

or not high levels of health literacy can also shape perceptions of expert efficacy has not been
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studied. Still, the relationship between literacy and numeracy appears to be complex. Although
one might expect these variables to be somewhat correlated and produce similar outcomes, there
is evidence to suggest that they may interact and influence judgments and health behaviors

differently (Nouri et al., 2019; Portnoy et al., 2010).

Health information seeking (i.e. the volume of health information accessed or the time
spent interacting with health information) has also been found to be an important factor
predicting self-efficacy due to its mediating relationship with health literacy. Information seeking
can impact people’s knowledge of cancer risk factors in a way that shapes their perceptions of
personal susceptibility to cancer (von Wagner et al., 2009). Different sources of health
information also appear to influence people’s beliefs towards response efficacy. For example,
Nisbet et al. (2002) found that the consumption of news media was associated with the
acquisition of scientific knowledge and developing positive perceptions of science and scientific
institutions. Access to information from expert and authoritative sources is also seen as an
important factor influencing perceptions of how disease risks are managed (Garforth et al.,
2013). In fact, access to experts who are perceived as competent and/or trusted has been linked to
the uptake of some healthier behavior changes such as exercise and diet (Bleich et al., 2007;

Hellem et al., 2012).

Cancer risk perceptions are also important to consider in the context of cancer efficacy
due to the ways that people’s anxieties over cancer and their perceived risk of a diagnosis can
shape the extent to whether they feel in control of their risk of cancer. For example, cancer worry
can empower people to seek out medical help and available screening programs to cope with
uncertainty (Whitaker et al., 2016). Conversely, very high perceptions of individual cancer risk

can fuel fatalistic attitudes leading to less uptake of cancer preventive actions (Werk et al., 2017).

104



Ph.D. Thesis — C. Slavik; McMaster University - Geography

Gender also appears to be a key predictor of efficacy beliefs, with men generally reporting higher
self-efficacy and women reporting higher response efficacy (Gecas, 1989; Seyde et al., 1990).
This may be explained by gender differences in perceived disease fatalism as well as differences
in internal and external control beliefs that can facilitate or hinder self-confidence and
confidence in others to manage disease risks (Finucane et al., 2000; Welch & Ellis, 2018). Self-
efficacy has also been found to increase with increasing educational status due to the higher
levels of knowledge and health literacy present among higher educated individuals (Tiraki &
Yilmaz, 2018). Still, very little research has taken a broader approach to investigate the role these
various factors play in shaping efficacy beliefs and whether they impact self-efficacy and

response efficacy differently.

The first goal of this study was to investigate associations between participant
skills/expertise, health information seeking, health risk perceptions and three beliefs related to
cancer risk management: self-efficacy, expert efficacy and science efficacy. Second, we sought
to build on the literature exploring interactions between numeracy and literacy by examining
whether numeracy could moderate associations between health literacy and the efficacy beliefs,
while adjusting for sociodemographic factors. We focused on numeracy and health literacy as
two modifiable factors that could be the target of future educational interventions informed by
this research. We hypothesized that skills/expertise, information seeking, and health risk
perceptions would influence the likelihood of reporting each efficacy outcome and that numeracy

would moderate the relationship between health literacy and each efficacy belief.
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5.2 METHODS

5.2.1 Data source

The data analyzed in this study were collected using Google Forms in an anonymous survey that
was administered separately to participants who had been recruited to participate in an online
randomized experiment. The experiment tested responses to different sources of cancer
information. Between Fall 2019 and Fall 2020, 172 Canadian adults were recruited using
advertisements posted on message boards at a Canadian university campus and in public
community settings in the Greater Toronto and Hamilton areas in Ontario, Canada, as well as
online on social media. Additionally, as this study sought to compare responses from participants
with both higher and lower health literacy, targeted recruitment of participants likely to have
high health expertise was carried out using study advertisements shared with attendees of a
Canadian public health conference in the Fall of 2019 as well as using a listserv for public health
professionals in Canada. Lastly, the study authors recruited students from an undergraduate
course they were teaching in exchange for a 1% bonus participation mark. All recruited
participants were eligible to win 1 of 4 gift cards (valued at $50CAD) if they opted into a prize
draw. Ethics approval was obtained from McMaster University’s Research Ethics Board

(MREB# 1763).

5.2.2 Participants

The majority of this study’s participants identified as female (n = 134), with smaller subsets
identifying as male (n = 37) and non-binary (n = 1). Most participants were students currently
enrolled at an academic institution (n = 102); therefore, our sample consisted of mostly younger-

aged adults with lower incomes. Slightly over half were aged 18-24 (n = 89), 37% were aged 25-

106



Ph.D. Thesis — C. Slavik; McMaster University - Geography

49 (n = 64), 10% were aged 50 and over (n = 18) and 1 participant did not report their age. About
half of participants reported (CAD) an individual income below $40,000 (n = 87), about a
quarter had an income between $40,000 to $80,000 (n = 44), 24 participants reported an income
above $80,000 and 17 participants did not report any income. Twelve percent had obtained a
high school diploma (n = 20), 53% had obtained a college-level diploma/certificate or university
Bachelor’s degree (n = 92) and 35% had obtained a graduate degree or certificate above a
Bachelor’s level (n = 60). Approximately 14% of participants had a graduate degree in a health-

related field (n = 24).

5.2.3 Measures

5.2.3.1 Skills and health expertise

Three survey questions measured participants’ skills and health expertise. First, we assessed
participants’ objective numeracy (i.e. their ability to understand probabilistic concepts) with the
following survey item: “If you flipped a fair coin 4 times and you got heads each time, what is
the probability you’ll get heads the 5th time you flip the coin?”. Correct responses were
categorized as having higher numeracy. We measured objective numeracy rather than subjective
numeracy (i.e. one’s self-reported ability to perform math tasks) as it has been found to be a

more accurate measure of numeric competencies (Peters, 2012).

Second, we assessed participants’ subjective health literacy (i.e. self-reported ability to
read and understand health information) with the following survey item: “After reading a news
article about a health issue, how confident do you usually feel that you understood all of the
written information in the article?”. The question originally appeared as a 5-category response
question in the survey; however, it was re-categorized as a binary variable during analysis by

grouping “Not at all confident”, ““A little bit confident”, “Somewhat confident” responses

107



Ph.D. Thesis — C. Slavik; McMaster University - Geography

together (coded as 0) to indicate lower health literacy, while grouping “Extremely confident” and
“Quite a bit confident” responses (coded as 1) to indicate higher health literacy. Although
subjective measures have been considered more optimistic than objective measures, a review by
Kiechle et al. (2015) comparing performance-based versus self-reported measures of health

literacy reported that most studies found little to no difference between results of the two.

Lastly, participants indicating they had obtained a graduate degree were asked to provide
the name and subject of their degree in an open-ended response to assess health expertise. If the
subject of their graduate degree was related to public health or health care (e.g. epidemiology,
nursing, global health) then they were categorized as having obtained a graduate degree in a

health-related field.

5.2.3.2 Health information seeking

We assessed participants’ health information seeking habits using self-reported responses about
the amount of health information they obtained from four sources: news media, government,
friends and relatives, and researchers and scientists. The following survey item was used: “Rate
the amount of information you receive about health issues from each source in an average year.
(1=no information and 5=a lot of information)”. We grouped responses numbered 1 to 3 together
to indicate less information seeking from each source and grouped 4 to 5 to indicate more

information seeking.

5.2.3.3 Health risk perceptions
Health risk perceptions were measured using three survey questions to assess various aspects of
risk control. The first question asked: “Do you agree with the following statement: If it concerns

my health, I am someone who avoids taking risks.” This survey item measured risk avoidance,
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which is a key risk judgment related to people’s perception of their ability to control their risk of
cancer (Leventhal et al., 1999). The next item measured perception of adequate regulation of
health risks to assess their perception of external risk control: “Do you believe that most health
risks are adequately regulated by governmental agencies?”. Lastly, participants self-reported
their concern about cancer with the following survey item: “Are you concerned about your risk
of getting cancer?”. Responses to all three questions were re-categorized such that “Yes” and
“Sometimes” responses (coded as 1) indicated the presence of the risk perception item and “No”

and “Not sure” (coded as 0) indicated the absence of the risk perception item.

5.2.3.4 Attitudes about cancer risk management

We measured participants’ self-efficacy, which we define here as the belief that someone can do
something to reduce their risk of cancer, using the following survey item: “Do you believe that
you can take individual actions to control your risk of cancer?”. As Bandura (2006) suggested,
any self-efficacy scale should be phrased using can do language to capture people’s perceived
capability to personally execute some performance. The question originally appeared as a 4-
category response question in the survey and was re-categorized as a binary variable during
analysis by coding all “Yes” responses as 1 and grouping all other responses (“No”, “Not sure”,
“Sometimes”) together (coded as 0) to indicate an absence of self-efficacy. As it has been found
that people tend to overestimate their capabilities in their appraisal of self-efficacy measures
(Bandura, 1994), we only considered “Yes” responses to this question to minimize optimistic

bias.

We used two variables, expert efficacy and science efficacy, to explore participants’
beliefs of response efficacy (i.e. their beliefs related to the effectiveness of current methods to

estimate cancer risks). We measured expert efficacy, which we define as the belief that health
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experts are capable of managing cancer risks, with the following survey item: “Do you believe
that health experts (e.g. medical researchers, health scientists) have all of the facts and
knowledge they need to correctly estimate people’s cancer risk?””. We measured science efficacy,
which we define as the belief that science and research institutions are capable of managing
cancer risks, with the following survey item: “Do you believe that the science on estimating
people’s cancer risk is correct most of the time?”. Responses to both questions were re-
categorized such that “Yes” and “Sometimes” responses (coded as 1) indicated the presence of
the efficacy belief and “No” and “Not sure” (coded as 0) indicated the absence of the efficacy

belief.

5.2.3.5 Sociodemographic variables
Measures of gender, age, education (re-categorized as a binary variable during analysis as either
having achieved a Bachelor’s degree or lower versus having achieved above a Bachelor’s

degree) and income were also obtained.

5.2.4 Analysis

We calculated odds ratios to investigate associations between participant skills/expertise, health
information seeking, health risk perceptions and the binary outcome variables self-efficacy,
expert efficacy and science efficacy. We used the R package epitools to calculate odds ratios by
small sample-adjusted method and confidence intervals at the 95% level using a normal

approximation (Wald) (Aragon et al., 2020).

We conducted chi-square tests for independence to examine associations between the
various sociodemographic variables used in this study. We found that age was not independent

of income (X? = 79.83, p < 0.001) nor education (X? = 78.66, p < 0.001), therefore it was omitted
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from further analyses. Income was also not independent of education (X2 = 18.90, p < 0.001).
However, as educational attainment has been found to be an important mediating variable for
self-efficacy, numeracy and health literacy (Apter et al., 2006; Curtin et al., 2008; McCleary-
Jones, 2011; Tiraki & Yilmaz, 2018) it was retained in our analyses and income was omitted.
Additionally, given the focus of this study on skills and learned knowledge, education was

retained as variable of interest that could be the target of public health interventions.

To explore interactions between numeracy and health literacy, while adjusting for gender
and education, binary logistic regression analyses were conducted for the outcomes self-efficacy,
expert efficacy and science efficacy. The log odds were then converted into odds ratios to obtain
the odds of the efficacy variables occurring based on the combination of values taken by the
independent variables included in the models. In the appendices, we provide summaries of model
parameter estimates and regression results. Mathematically, the binary logistic regression model

followed:

pi
1-p;

log(odds) = logit (pp) = log (70— ) = B, + fyxis + -+ Fuin

where p; represents the probability of the efficacy outcome for the i-th person, g, represents the
intercept, S, represents the model coefficients for a given explanatory variable x;,, for the i-th
person. The independent variables used in all three efficacy models were health literacy (H),
numeracy (N), as well as their interaction term health literacy*numeracy (HN), education above
a Bachelor’s degree (E) and female gender (F). The model for each of the three models can each

be summarized by:

logit (p) = By + P1xy + Boxn + P3xun + Paxp + Psxr
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To visualize interactions between health literacy and numeracy, probabilities of each
efficacy outcome were obtained by dividing the odds obtained from each model by one plus the
odds. The R package ggplot2 (Wickham et al., 2021) was used to create graphs summarizing the
probabilities of each efficacy outcome by health literacy, moderated by numeracy, gender and

education.

5.3 RESULTS

5.3.1 Participant skills and health expertise

The results summarized in Table 5-1 show that just over half of the participants in this study
reported self-efficacy and believed they can take actions to individually manage their risk of
cancer (n =90, 52.3%). Among participants who had obtained a graduate degree in a health-
related field, 70.8% reported self-efficacy (n = 17) corresponding to odds of 2.15 that were
marginally significant (0.96-5.98; p = 0.05) relative to participants without a graduate degree in a
health-related field. Odds of reporting self-efficacy appeared higher among participants with
higher objective numeracy and health literacy (OR =1.11; 0.52-2.90 and OR = 1.78; 0.97-3.63,
respectively), however only odds for health literacy were marginally significant (p = 0.06). Both
health literacy and having a graduate degree in a health-related field also appeared to increase the
odds of reporting expert efficacy (OR = 1.14; 0.63-2.32 and OR = 1.29; 0.61-3.32, respectively)
and increase the odds of reporting science efficacy (OR = 1.44; 0.78-2.99 and OR = 1.80; 0.75-
5.58, respectively). Participants with higher objective numeracy appeared less likely to report

expert efficacy (OR =0.58; 0.27-1.52) and science efficacy (OR = 0.45; 0.19-1.43).
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Table 5-1. Associations between participant expertise and skills and cancer risk management beliefs, n =

172.
Skills Self efficacy OR Expert efficacy OR Science efficacy OR
n (%) (95% n (%) (95% n (%) (95%
Cl) Cl) CI)
Graduate Yes No Yes No Yes No
degree in
health-
related
field
Yes 17 7 2.154 13 11 1.29 19 5 1.80
(70.8%) (29.2%) (0.96- (54.2%) (45.8%) (0.61- (79.2%) (20.8%) (0.75-
5.98) 3.32) 5.58)
No 73 75 1.00 67 81 1.00 94 54 1.00
(49.3%) (50.7%) (45.3%) (54.7%) (63.5%) (36.5%)
Objective
numeracy
Higher 79 70 1.11 67 82 0.58 95 54 0.45
(53.0%) (47.0%) (0.52- (45.0%) (55.0%) (0.27- (63.8%) (36.2%) (0.19-
2.90) 1.52) 1.43)
Lower 11 12 1.00 13 10 1.00 18 5 1.00
(47.8%) (52.8%) (56.5%) (43.5%) (78.3%) (21.7%)
Health
literacy
Higher 69 52 1.78¢ 58 63 1.14 83 38 1.44
(57.0%) (43.0%) (0.97- (47.9%) (52.1%) (0.63- (68.6%) (31.4%) (0.78-
3.63) 2.32) 2.99)
Lower 21 30 1.00 22 29 1.00 30 21 1.00
(41.2%) (58.8%) (43.1%) (56.9%) (58.8%) (41.2%)

Note: CI = confidence interval; OR = odds ratio; + denotes marginally significant p-value between 0.05-

0.09.

5.3.2 Health information-seeking

Of the four information sources we studied, the odds of reporting self-efficacy were highest

among participants who reported receiving a lot of health information from government sources

(OR = 1.22; 0.61-2.85) (Table 5-2).
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Table 5-2. Associations between participant health information-seeking habits and cancer risk
management beliefs, n = 172,

Amount of Self efficacy OR Expert efficacy OR  Science efficacy OR
health n (%) (95% n (%) (95% n (%) (95%
information Cl) Cl) CI)
from each
source
News Yes No Yes No Yes No
More 46 44 0.86 49 41 1.86* 57 33 0.76
(51.1%) (48.9%) (0.50- (54.4%) (45.6%) (1.06- (63.3%) (36.7%) (0.43-
1.64) 3.57) 1.51)
Less 44 38 1.00 31 51 1.00 56 26 1.00
(53.7%) (46.3%) (37.8%) (62.2%) (68.3%) (31.7%)
Government
More 18 13 1.22 18 13 1.16 24 7 1.73
(58.1%) (41.9%) (0.61- (58.1%) (41.9%) (0.80- (77.4%) (22.6%) (0.79-
2.85) 3.79) 4.65)
Less 72 69 1.00 62 79 1.00 89 52 1.00
(51.1%) (48.9%) (44.0%) (56.0%) (63.1%) (36.9%)
Friends and
relatives
More 25 33 0.55¢ 27 31 0.95 39 19 1.04
(43.1%) (56.9%) (0.31- (46.6%) (53.4%) (0.53- (67.2%) (32.8%) (0.57-
1.08) 1.88) 2.14)
Less 65 49 1.00 53 61 1.00 74 40 1.00
(57.0%) (43.0%) (46.5%) (53.5%) (64.9%) (35.1%)
Researchers
and scientists
More 43 38 1.01 40 41 1.18 58 23 1.55
(53.1%) (46.9%) (0.58- (49.4%) (50.6%) (0.68- (71.6%) (28.4%) (0.87-
1.92) 2.26) 3.09)
Less 47 44 1.00 40 51 1.00 55 36 1.00
(51.6%) (48.4%) (44.0%) (56.0%) (60.4%) (39.6%)

Note: Cl = confidence interval; OR = odds ratio; * denotes significant p-value <.05; + denotes marginally

significant p-value between 0.05-0.09.
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The odds of reporting self-efficacy were lower among those who reported receiving a lot of
health information from friends and relatives (OR = 0.55; 0.31-1.08; p = 0.08). A significant
increase in the odds of reporting the expert efficacy belief was observed among news health
information-seekers (OR = 1.86; 1.06-3.57; p < .05). For the science efficacy belief, those
receiving a lot of health information from governments sources and researchers and scientists
appeared to have higher odds of reporting this belief (OR = 1.73; 0.79-4.65 and OR = 1.55; 0.87-

3.09, respectively).

5.3.3 Health risk perceptions

Among the health risk perception variables studied, belief that there was adequate regulation of
health risks was associated with an increase in the odds of reporting the expert efficacy belief
(OR =3.11; 1.76-6.10; p < .001) (Table 5-3). Participants who reported being concerned about
cancer appeared to have a decreased odds of reporting the expert efficacy belief (OR = 0.50;
0.26-1.08; p = 0.08). Participants who reported generally avoiding taking risks with their health

appeared to have increased odds of reporting all three efficacy beliefs.
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Table 5-3. Associations between participant health risk perceptions and cancer risk management
beliefs, n = 172.

Health risk Self efficacy OR Expert efficacy OR Science efficacy OR
perceptions n (%) (95% n (%) (95% n (%) (95%
Cl) Cl) Cl)
Avoids Yes No Yes No Yes No
risks to
health
Yes 67 55 1.35 59 63 1.22 84 38 1.51
(54.9%) (45.1%) (0.74- (48.4%) (51.6%) (0.67- (68.9%) (31.1%) (0.82-
2.74) 2.48) 3.14)
No 23 27 1.00 21 29 1.00 29 21 1.00
(46.0%) (54.0%) (42.0%) (58.0%) (58.0%) (42.0%)
Adequate
regulation
of health
risks
Yes 44 41 0.91 52 33 3.11%** 61 24 1.61
(51.8%) (48.2%) (0.53- (61.2%) (38.8%) (1.76- (71.8%) (28.2%) (0.90-
1.74) 6.10) 3.20)
No 46 41 1.00 28 59 1.00 52 35 1.00
(52.9%) (47.1%) (32.2%) (67.8%) (59.8%) (40.2%)
Concerned
about
cancer
Yes 68 63 0.88 56 75 0.50¢ 84 47 0.70
(51.9%) (48.1%) (0.47- (42.7%) (57.3%) (0.26- (64.1%) (35.9%) (0.36-
1.88) 1.08) 1.60)
No 22 19 1.00 24 17 1.00 29 12 1.00
(53.7%) (46.3%) (58.5%) (41.5%) (70.7%) (29.3%)

Note: CI = confidence interval; OR = odds ratio; *** denotes significant p-value < .001; #
denotes marginally significant p-value between 0.05-0.09.

5.3.4 Regression analysis

Figures 5-1 to 5-3 show the results of the logistic regression analyses used to investigate whether
numeracy would moderate associations between health literacy on the three efficacy beliefs,

while adjusting for gender and education. We did not observe any significant individual effects
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between numeracy, health literacy, gender, education and the odds of reporting self-efficacy
(Appendix 7-3), suggesting that these variables did not independently predict variation in cancer
risk management belief. Still, numeracy was found to have a possible mediating effect between

health literacy and self-efficacy in the sub-groups we explored (Figure 5-1).
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Figure 5-1. Results from logistic regression analysis summarizing probabilities of reporting self-efficacy
belief by health literacy, moderated by numeracy, gender and education.
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For each dichotomous gender and education category, the probability of reporting self-efficacy
increased in the presence of health literacy for both higher and lower numeracy groups.
However, the increase in predicted self-efficacy in the presence of higher health literacy was
largest among individuals with lower numeracy. Non-females with an education above a
Bachelor’s degree and with higher health literacy had the largest probability of reporting self-
efficacy of any sub-group (0.68) for both higher and lower numeracy groups. Females holding a
Bachelor’s degree or lower with lower health literacy and lower numeracy had the smallest

probability of reporting self-efficacy (0.26).

We also did not observe any significant individual effects between numeracy, health
literacy, gender, education and the odds of reporting expert efficacy (Appendix 7-4), suggesting
that these variables did not independently predict variation in this efficacy belief. However, the
results from our regression analysis summarized in Figure 5-2 suggest that numeracy may
modify the relationship between health literacy and the expert efficacy belief. We found that the
probability of reporting expert efficacy decreased among lower numerate individuals in the
presence of higher health literacy in each sub-group. Among individuals with higher numeracy,
the presence of higher health literacy only marginally increased the probability of reporting the
expert efficacy belief. We observed very little difference between the sub-groups in our

predictions of expert efficacy.

118



Ph.D. Thesis — C. Slavik; McMaster University - Geography

1.0

o o o
ES ) (s

1

Probability of expert efficacy belief
o
)

o
o

1.0

Probability of expert efficacy belief
o o o o
[p%] B [e2] [o2]

o
o

Figure 5-2. Results from logistic regression analysis summarizing probabilities of reporting expert

Predictions for females with a Bachelor's degree or lower

0
Health literacy

Predictions for females with a graduate degree

Health literacy

Legend ® Higher Numeracy ® Lower Numeracy

Probability of expert efficacy belief

Probability of expert efficacy belief

1.0

bt
®

o
)

o
S

o
o

o
(=)

Predictions for non-females with a Bachelor's degree or lower

0
Health literacy

Predictions for non-females with a graduate degree

1.0

bt
™

o
o

o
S

o
[N

o
o

Health literacy

Legend ® Higher Numeracy ® Lower Numeracy

efficacy belief by health literacy, moderated by numeracy, gender and education.

Our regression results for the science efficacy belief model (Appendix 7-5) showed that

obtaining an education above a Bachelor’s degree was significantly associated with an increased

likelihood of reporting science efficacy (OR = 2.13; 1.04-4.36; p < .05). Figure 5-3 displays

predictions of the science efficacy belief and shows that the effect of health literacy on the
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probability of reporting this belief were not moderated by numeracy. For each gender and
education combination, the likelihood of reporting the science efficacy belief increased

marginally with higher health literacy for both numerate and less numerate individuals.
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Figure 5-3. Results from logistic regression analysis summarizing probabilities of reporting science
efficacy belief by health literacy, moderated by numeracy, gender and education.
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5.4 DISCUSSION

This work aimed to investigate the impact of expertise and skills, information seeking and health
risk perceptions on beliefs related to how cancer risks are managed. The associations between
these variables and the three efficacy beliefs we studied have practical implications on the ways
in which health educators choose to approach designing future interventions. Whether the goal is
to influence people’s self-appraised capabilities of reducing their own risk of cancer, or whether
the primary aim is to influence people’s perceptions of the capabilities of experts and institutions

in charge of cancer management, different approaches may be required.

Our results suggest that health expertise, as indicated by a graduate degree in a health-
related field, and higher levels of health literacy could be two factors influencing people’s self-
appraisal of their capability at managing cancer risks. This would mean that knowledge about
health acquired from formal educational settings or elsewhere may give people the confidence to
cope with the threat that cancer poses, which could lead to the adoption of more cancer-
preventive behavior changes (Wong, 2009). On the other hand, health information acquired from
friends and relatives appears to reduce people’s self-efficacy related to cancer risk. This may
point to the type of health information that is being received from family and friends and the
extent to which modifiable factors are emphasized or not. For example, if family members tend
to discuss genetic risk factors of cancer in one’s family, then this may lead to a reduction in self-
efficacy. Therefore, acquiring knowledge specifically about cancer risk factors that one can self-

manage may be a key factor influencing self-efficacy.

Our finding that higher levels of health information seeking from news sources was
associated with the belief that health experts had the capabilities to manage cancer risks was

consistent with prior work that has linked the consumption of news media with positive
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perceptions of scientists (Nisbet et al., 2002). This would suggest that continued promotion of
scientific studies and experts’ research by news outlets could be part of a strategy to promote
beliefs around response efficacy, which can shape people’s perceptions around whether or not
healthy actions (often based on the advice of experts) are effective methods of managing disease
risks. Future research could build on these findings by exploring the effects of scientific news
reporting, through op-eds for example, on measures of response efficacy and individual

intentions of health behavior change.

The results from our regression analyses also have implications for future research in
health education and behavior change and echo findings from previous studies that suggest
numeracy and literacy could be key factors influencing individual abilities and efficacy (Brown
etal., 2011; Nouri et al., 2019; Portnoy et al., 2010). First, our study highlights the need to
consider interactions between health literacy and numeracy since mastering both competencies
may only benefit some efficacy beliefs and not others. Second, our results have shown the
importance of considering the influence of sociodemographic factors like gender and education
particularly on the self-efficacy belief, as developing future educational interventions that
improve individual numeracy or health literacy (or both) may be especially beneficial for certain

segments of the population.

For example, our study found that increasing the health literacy of individuals with lower
numeracy may be associated with an increased likelihood of reporting self-efficacy to a greater
extent than among those with higher numeracy. This finding would suggest that people’s
confidence in their ability to cope with cancer appears to depend more on their perceived
capabilities of understanding health information rather than their numeric abilities. Other studies

have also identified health literacy as one of the biggest barriers to self-efficacy related to
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chronic disease management (Farley, 2019). Our results also point to females with low
educational attainment and lower numeracy skills as a sub-population that may benefit the most
from educational interventions to improve health literacy, as this group appeared to have the
lowest likelihood of reporting of self-efficacy. This result was consistent with prior research that
has linked women to lower self-efficacy outcomes related to managing cancer risks (Foster et al.,
2015). Fortunately, improvements to health literacy can be achieved by designing simple patient
education tools and by making minor adjustments to the way that health information is
communicated to individuals (Kountz, 2009). In contrast, fewer educational interventions have

been tested to measure improvements to numeracy (Garcia-Retamero et al., 2019).

Contrary to the self-efficacy outcome, our regression results indicated that increasing the
health literacy of individuals with lower numeracy may reduce the likelihood of reporting expert
efficacy. This would suggest that while educational interventions aiming to improve the health
literacy of individuals with lower numeracy may be effective at increasing self-efficacy, they
may reduce levels of expert efficacy beliefs. One explanation for this finding is that increased
knowledge and understanding about health risks could increase awareness around scientific
uncertainty, which has been found to increase perceptions of expert incompetence (Johnson &
Slovic, 1995). As a result, if a health educator’s goal is to increase the frequency of beliefs
around expert efficacy, our study’s findings would indicate that any interventions designed to
improve the health literacy of a population may also require strategies to simultaneously improve
skills in numeracy. Future work should further explore potential interactions between health

literacy and numeracy and their differential impact on different types of efficacy beliefs.

This study has numerous limitations. First, due to the cross-sectional nature of this study,

causality cannot be established between any independent and dependent variables investigated.
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Second, we used single-item survey measures to measure each independent and dependent
variable, which can impact the reliability and validity of results obtained. Future research should
include validated scales of many of the constructs explored in this work (e.g. health literacy,
numeracy, self-efficacy) wherever possible. Our findings are also limited by a small number of
study participants, which skewed towards younger-aged females and are not representative of the
general population. Although our regression analyses were adjusted for gender and education,
other unmeasured confounders may have affected the associations identified in this work.
Overall, the effect sizes reported in this study were weak and associations observed may have
been a result of Type | error as a result of testing multiple hypotheses. The use of statistical
procedures adjusting for multiple comparisons (e.g. Bonferroni correction) should be considered
in future studies to reduce the likelihood of this error. Still, in a given study with small sample
sizes such as this one, the costs and benefits associated with more conservative adjustments must
be carefully weighed as these corrections can exacerbate the issues of low power and increase

the likelihood of Type Il error (Moran, 2003).

Despite the limitations, this exploratory study has generated numerous starting points for
further research into the ways that skills, expertise and information acquisition may influence
individuals’ coping appraisals of cancer and could motivate cancer-preventive actions. First and
foremost, our research indicates that the complex interplay between health literacy and numeracy
on beliefs related to cancer coping appraisals warrants further study. In addition, our work has
important implications on research into the design and implementation of cancer education
materials targeting self-efficacy and response efficacy beliefs, which appear to be associated
with different skills and individual characteristics based on our findings. Self-efficacy and

response efficacy beliefs are known to influence the adoption of different types of health-related
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behaviors, for example behaviors that are health-promoting versus those that are preventive
against negative health outcomes (Keller, 2006); therefore, more empirical evidence linking
different individual factors to either self-efficacy or response efficacy beliefs is needed to inform

the approaches that health educators should use to achieve a particular set of desired behaviors.

5.5 CONCLUSION

Motivating the adoption of actions that reduce an individual’s risk of cancer can significantly
reduce the burden of cancer on society. Fortunately, the uptake of cancer-preventive behavior
changes can be influenced by health education interventions that target individuals’ beliefs in
their ability to execute actions that reduce the risk of cancer, as well as their beliefs around the
effectiveness of those actions. This study explored the role of expertise, skills, information
seeking and health risk perceptions on these efficacy beliefs. Our findings advance the current
literature related to cancer efficacy by identifying factors influencing perceptions of self-
management of cancer risk and the management of cancer risk by experts and institutions. We
also highlight a number of opportunities for researchers and health educators to build off this
work and further explore how factors such as health literacy and numeracy can shape

individuals’ beliefs around cancer risk management.
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6 CONCLUSIONS

Many of the issues with the current methodologies of cancer risk communication discussed in
this dissertation will be familiar to readers having experienced two years of the global COVID-
19 pandemic. During this time, the field of health risk communication has gained both admirers
and critics among health experts and non-expert citizens alike, with challenges present for those
both on the giving and the receiving end of risk communication. Problems with inconsistent
public health messaging, communicating uncertainties associated with disease modelling,
interpreting risk probabilities and maintaining public trust are common during any health-related
crisis. Thus, this final chapter will also touch on the implications of this work and future research

directions beyond the scope of cancer clusters and cancer risk perceptions.

Over the course of the four substantive chapters of this dissertation, the objectives were
first to summarize current issues with cancer risk communication that the major players face
during cluster investigations, then, to investigate whether changes to communication formats
could change perceptions of cancer risk using experiments, and finally, to explore potential
interventions that influence people’s attitudes around managing the risk of cancer. The first
substantive chapter (Chapter 2) began with a study of the media’s risk communication practices
during cluster investigations and presented findings pertaining to the news coverage of cancer
clusters in Ontario. Building off this work, Chapter 3 explored the risk communication practices
and cancer cluster investigation procedures undertaken by health officials from jurisdictions
across Canada. Following this, Chapter 4 aimed to investigate and test the impacts of media and
government communications related to cancer clusters on cancer risk perceptions. Finally, in

Chapter 5, associations between different skills and competencies and cancer risk attitudes were
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studied to explore whether educational interventions could be used to impact beliefs about cancer

risk management and motivate healthier changes to behaviour.

In the following section of this chapter, the contributions of these works to diverse
research fields are discussed in more detail. Subsequently, the implications of these works on
policies and procedures related to risk communication are presented and future research

directions are examined.

6.1 RESEARCH CONTRIBUTIONS

The primary goals of this dissertation were to explore how various expert and non-expert
stakeholders interpret and engage with cancer information and perceive risk as it pertains to
cancer clusters, and to identify improved methods of conducting cancer risk communication and
risk education. Thus, the work carried out as a part of this dissertation draws on and significantly
contributes to three research fields that will be discussed further: cancer risk communication,
cancer risk perceptions and cancer risk education.

6.1.1 Cancer risk communication

The research discussed in this dissertation substantially contributes to our understanding of how
to improve the cancer communication approaches and practices of diverse risk communicators,
and particularly those of the media and government agencies and/or health officials. In 1987,
Peter Sandman, a leading risk communication expert, famously coined the formula “risk =
hazard + outrage” to describe how the perception of a risk is a result of the hazard it poses as
well as the outrage it causes. According to the formula, the type of risk communication required

to respond to the public’s perceptions of a risk is based on whether the risk constitutes a high or
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low hazard and produces a high or low amount of outrage. Cancer clusters, which constitute a
low hazard-high outrage scenario according to most public health experts would therefore
require an outrage management risk communication response that works to reassure outraged

citizens about a mostly low risk to their health.

However, it is estimated that about 2 in 5 Canadians will develop cancer at some point during
their lifetime (Canadian Cancer Society, 2021). Therefore, a cancer diagnosis poses a very real
threat to many people. As a result, Sandman’s original outrage management approach to risk
communication may require a bit of tweaking to deliver effective risk communication for cancer
— we still want to reassure citizens about the cancer risk factors that pose a generally lower risk
to their health, but we also want citizens to care more about the risk factors they can control and

to take actions that would meaningfully reduce the burden of cancer (e.g. quitting smoking).

A growing body of literature on cancer risk communication has recognized the importance of
providing contextual information when communicating about cancer to help people compare
their risks to other risks and to gain a richer understanding of the disease (Schwartz et al., 1999;
Trevena et al., 2013; Hamilton et al., 2020). The research findings from Chapter 4 appear to
confirm that providing contextual information about the risk of cancer can go a long way in
reassuring people and reducing their concerns about cancer. It may also address low levels of
health literacy, which was found to be an important factor promoting beliefs related to people’s
abilities to cope with the risk of cancer in Chapter 5. However, in Chapter 2, it was found that the
media’s reporting about cancer risk often lacks key contextual information about cancer risk
factors. These results from Chapter 2 highlight the fact that any improvements to cancer risk

communication approaches adopted by official government communicators or health experts
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may require more knowledge translation in order to become a dominant practice adopted by

other non-expert communicators of health information such as news agencies.

The results of this dissertation would also indicate that where current best practices for
cancer risk communication fall particularly short is the lack of attention given to participatory
communication approaches and face-to-face opportunities for cancer risk education. For
example, after contrasting the experiences of cancer cluster investigators across Canada in
Chapter 3, it is clear that health officials often recognize the benefits of participatory
collaborative communication approaches. These approaches strive to include citizens as active
participants in a dialogue about cancer clusters versus vertical top-down approaches to sharing
information. Still, these participatory community-centered approaches were not regularly

adopted by health officials based on our findings.

Such strategies aim to improve public engagement by using face-to-face connections
wherever possible, addressing concerns and by building trust, and mirror the efforts of public
health researchers seeking to engage in more community-based participatory research. Beyond
these benefits, face-to-face communications about cancer risk also appear to generate
improvements to risk information comprehension especially among individuals with lower
numeracy (Gaglio et al., 2012). This would be consistent with the results summarized in Chapter
5, which identified less numerate individuals as potentially benefiting the most from risk
education interventions that target beliefs around people’s ability to cope with cancer. Thus, this
dissertation adds another voice to the growing calls from researchers to incorporate more
horizontal modes of communication into public health practices that emphasize citizen

empowerment (Jones & Wells, 2007; Dasgupta, 2019).
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6.1.2 Cancer risk perceptions

This research has also made important contributions to the research field around cancer risk
perception. Although the study of the affective heuristic (i.e. making judgments based on
intuitive emotions) as it pertains to cancer risk judgments is not a new field of research (Klein &
Stefanek, 2007); Peters et al., 2006; Slovic et al., 2005), this dissertation contributes some key
knowledge to recent developments in risk perception research — particularly research examining
the role that affect plays in the recall of risk information that informs people’s perceptions of
cancer risk. It is already known that people tend to disproportionately rely on negative feelings
about cancer (e.g. dread, fear) when interpreting cancer risk information thanks to the frequent
negative cues they encounter about cancer (e.g. family members’ death, sensational news stories)
(Peters and Meilleur 2016). Indeed, the research in this dissertation confirmed a large presence of
such cues based on the prevalence of Canadian news reports using qualitative descriptors of risk
in their coverage of cancer clusters (Chapter 2), which are more likely to induce affective
cognitive responses than probabilistic numeric risk information. It was also found that risk
information containing affective cues (i.e. information authored by news agencies and/or
employing personal stories about cancer) seemed to elicit higher levels of concern about cancer
even after other reassuring information was presented (Chapter 4). What this last finding
suggests is that people may retain affective risk information in their memory more easily, which
is consistent with the direction of recent literature exploring the use of graphic imagery and
affective illustrations to enhance the recall of cancer information (Ma 2021; Shoots-Reinhard et

al., 2020).

This dissertation’s focus on information trustworthiness as a key factor shaping people’s

perceptions of risk from various sources of information about cancer has also yielded important
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contribution to this field of research. When Kasperson et al. (1988) first proposed the social
amplification of risk framework to describe how risk perceptions and public concern are
transmitted — beginning with social and institutional actors who communicate a piece of
information, which is received by another set of actors who re-transmit the message based on
their own interpretations of that piece of information, until it is received by an individual who
filters this information according to their own interpretations of the risk — it helped to explain
why some improbable events are still perceived as very risky and how these risks become
amplified. According to the framework, some characteristics of the information itself may
contribute to the amplification of citizen risk perceptions, for example, large volumes of
information about the risk or negative facts about the risk that dramatize it (Kasperson and
Kasperson, 1996). However, the findings from this dissertation would suggest that the
information’s trustworthiness is also an important factor to consider in this process of risk

interpretation and the amplification of cancer risks in particular.

In Chapter 4, it was found that when a source of cancer risk information (i.e. authored by
government) or the format of information (i.e. containing contextual information) was perceived
as trustworthy, then the percentage of individuals reporting that they were concerned about
cancer was higher than when other less trustworthy information sources/formats were viewed.
This may be because cancer is known to trigger a lot of dread through cognitive mechanisms
such as affective heuristic processing, therefore, any trusted piece of information found to be
discussing cancer risks could reaffirm individual beliefs that cancer is something to be concerned
about unless otherwise instructed (Jagielle & Hills, 2018). Indeed, providing reassuring
information after viewing the risk information from trusted sources/formats resulted in a large

decline in reported levels of cancer concern, pointing to trustworthiness as a key factor capable
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of amplifying or attenuating individual perceptions of risk depending on how the risk is framed
in the piece of trusted information. In Chapter 3, trust was also a theme that emerged from the
interviews conducted with Canadian cancer cluster investigators and one interviewee indicated
that demonstrating trustworthiness by being transparent about the progress of the investigation
appeared to diminish perceptions of cancer risk. Therefore, these findings would suggest that

trust is a key dimension to add to the social amplification of risk framework.

6.1.3 Cancer risk education

This dissertation has also contributed key findings to the growing body of literature around
cancer risk education. Much of the available research into which educational interventions can
lead to the increased comprehension of cancer risk information has centered around studying the
effectiveness of tools used for cancer treatment decision-making (McAlpine et al. 2018; Stacey
et al., 2008) or for the adoption of cancer-preventive actions (Hernandez et al., 2014; Hinyard et
al., 2007). However, few studies have focused on exploring the potential mechanisms behind
people’s beliefs and characteristics that inform individual decision-making and/or the willingness
to take certain cancer-preventive actions. In Chapter 5, numeracy and health literacy were
identified as important competencies that may impact individual beliefs around one’s ability to
take actions to reduce their risk of cancer. Importantly, it was revealed that numeracy appeared
to have a mediating effect between health literacy and two cancer coping beliefs, underscoring
the need to consider interactions between health literacy and numeracy when investigating the

influence of competencies on cancer-related beliefs in future works.
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6.2 IMPLICATIONS FOR POLICIES AND PROCEDURES

The implications of this work extend beyond cancer cluster investigations and improved risk
communication practices. Following the discussion above, in which this dissertation’s most
significant contributions to several research fields were discussed, some practical implications on
policies and procedures will be outlined to consider how the knowledge generated from this

dissertation can be mobilized for changes to practice.

6.2.1 Media risk reporting

The findings from this dissertation as well as other works (Paek et al., 2016; Stryker et al., 2008;
Wahlberg & Sjoberg, 2000) point to the news media as an important source of health information
with significant potential influence over individual and societal perceptions of risk.
Unfortunately, the media is sometimes known for sensationalizing risks and reporting risks
inaccurately (Dahlstrom et al. 2012; Tang and Rundblad 2015) and as discussed in Chapter 2,
news coverage of cancer may not be reporting risk using language that can help people to form
accurate perceptions of risk. Still, in Chapter 3, interviews with Canadian public health officials
revealed that having a positive relationship with local members of the news media can be highly
beneficial for health officials who leverage reporters as key players involved in the dissemination
of information to citizens. As a result, some health officials considered the media to be partners
in the knowledge translation process capable of transferring scientific expertise to non-expert

audiences and even discussed working together on press releases and other communications.

In addition, it may be beneficial for news agencies to make use of the higher levels of
trust people appear to afford government health communications compared to media
communications (Chapter 4). Therefore, this dissertation provides a case for public health

officials and news agencies to consider fostering a more collaborative relationship to carry out
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public education about cancer risks and other health topics. For example, health departments
could use communications toolkits that supply sample written materials as well as tip sheets on
reporting health risks to media partners in order to conduct risk education campaigns. Such
collaborations would capitalize on the media’s audience reach and health officials’ ability to

produce high-quality trustworthy health information.

This dissertation has also drawn attention to the discrepancies in risk reporting by news
agencies that may exist across different geographies. In particular, the absence of information on
key contextual information such as cancer risk factors in the media’s reporting of cancer clusters
in rural areas (Chapter 2) should give pause to public health educators working to address health
disparities across geographic regions. As populations concentrated in rural areas already face
issues of lower access to high quality health information from mainstream news sources, primary
care providers and less reliable Internet connections, differences in media risk reporting can
exacerbate existing disparities in health literacy between rural and urban populations (Chen et al.

2019).

Given that lower levels of health literacy appear to be associated with a lower likelihood
of developing successful cancer coping beliefs — which are believed to be important in
motivating the adoption of cancer-preventive behaviors (Chapter 5) — implementing policies and
practices that would address discrepancies in health literacy should be a public health priority.
Here again, public health educators should consider harnessing the reach of local media and
other community forums to disseminate health information in an effort to improve health literacy
alongside enhancing knowledge around cancer risks. In addition, this dissertation has shown that
news stories may be particularly useful at drawing public attention to health information using

affective cues that could aid in the recall of cancer risk information especially with respect to
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personal cancer risks (Chapter 4). Still, any use of affective information (e.g. personal stories) in
cancer news reporting may require some adaptations in journalistic practices to simultaneously
increase the amount of contextual information used. As contextual information appeared to
reduce the likelihood of reporting the highest levels of concern about cancer (Chapter 4) and a
shortage of this type of information appears to exist in the news coverage of cancer (Chapter 2),
this may represent a key opportunity to improve the media’s reporting of health risks.

6.2.2 Participatory cancer communication

The benefits of promoting collaborations among different disseminators of risk information (e.g.
between health officials and the media) have already been discussed above. However,
incorporating community-centered participatory approaches to cancer risk communication
activities between these stakeholders and the target audience (i.e. individual citizens) also
represents a key opportunity for improving current cancer risk communication practices based on

the findings of this dissertation.

Communication infrastructure theory is a particularly useful framework to consider here,
which encompasses an ecological approach to carrying out multi-level health communications
involving three key players: community organizations, local media and citizens (Wilkin et al.,
2010). The theory provides a practical roadmap to fostering collaborations between these players
using settings such as workshops and storytelling networks, which can lead to increased social
connections, civic engagement and opportunities for knowledge exchange between various
stakeholders. The framework’s focus around storytelling is particularly relevant to this
dissertation’s findings, which found that cancer risk information using personal stories may
influence perceptions of personal cancer risk as these stories appeared to be better retained by

individuals due to affective recall (Chapter 4). Therefore, this dissertation expands our current
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understanding of communication infrastructure theory through the discovery of memory as a
potential mechanism behind why storytelling appears to be an effective method of participatory

risk communication.

From a health promotion standpoint, these collaborations between communicators and
citizens are also desirable because they can allow hard to reach individuals to interact directly
with community leaders and health experts in a space where open dialogues and communicating
face-to-face are encouraged. In fact, this dissertation revealed that public health officials appear
to desire more training and opportunities to conduct participatory cancer risk communication
because they view these interactions as particularly effective at building trust with community
members (Chapter 3) and supplying trustworthy information is a key factor influencing

perceptions of cancer risk (Chapter 4).

Furthermore, these strengthened connections between experts and non-experts can help
address issues such as low health literacy in a community where citizens feel they can share what
health information needs they have and health officials can readily identify community
knowledge gaps (Wilkin et al., 2010). The implementation of participatory communication
processes in public health practice would fundamentally change the way that many governments
currently approach health risk education, for example by adopting more of a co-designer role
when planning health education materials. Thus, this dissertation’s research findings add weight
to the theory of communication infrastructure as a potential framework for carrying out some

cancer risk communication activities in a way that emphasizes more active citizen participation.
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6.3 FUTURE RESEARCH DIRECTIONS

This dissertation has explored how the interpretation of cancer risk information by diverse
stakeholders can impact perceptions of risk and has contributed some key insights into potential
ways to improve methods of risk communication and risk education. Following a discussion of
this work’s contributions to various research fields and its advancements to communications
theories and practices, some directions for future research will be discussed in the subsequent

section.

6.3.1. Future methodological needs

One of the biggest limitations of research studying risk perceptions and human behaviours is the
reliance on survey tools to indirectly measure human thoughts and judgments, which require
participants to understand questions and provide accurate and honest responses. This dissertation
faced many of the common methodological challenges that tend to complicate survey-based
research, including response bias and the oversimplification of social reality. However, some
methodological advancements in the psychology and communications research fields could
provide exciting new opportunities for carrying out similar research with more rigour going

forward.

One of these advancements includes the use of eye tracking technology in experimental
studies to record participants’ eye motions and gaze locations as they carry out certain visual-
based tasks. Until fairly recently, there were barriers to adopting eye tracking tools among
researchers such as high cost and complex programming; however, the development of improved
methods of eye tracking have greatly increased access to this technology (Carter & Luke, 2020).
Although their use in the communications research field is not yet widespread, eye tracking

holds enormous potential for researchers seeking to examine participants’ visual attention to
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certain cues and cognitive processing. For example, researchers have started to explore the
application of eye tracking for studying affective processing by measuring pupil dilation and
gaze measurements (Rahal & Fiedler, 2019), which could provide exciting new avenues for risk
communication research that currently still relies largely on self-reported measures of affect.
Since eye tracking can be carried out simultaneously during a decision task without interrupting
a study participant’s thought process, it can provide researchers an opportunity to measure
people’s interpretations of visual information in the same moment that the information is being

viewed.

Recent advancements in immersive virtual reality technology have also provided
researchers incredible opportunities to measure participant responses to risk events in scenarios
that closely resemble the real world. Compared to prior two-dimensional virtual reality set-ups
that utilized desktop or mobile displays, currently available three-dimensional immersive
simulations that utilize head-mounted displays may trigger more realistic affective responses to
risk stimuli (Simpson et al., 2022). For obvious ethical reasons, a common issue in research
investigating perceptions of risk related to environmental phenomena is the inability to actually
expose participants to hazards that may be harmful to health and measure their real-life
responses. Therefore, these virtual environments could have major implications on the way risk

research is carried out in the future.

Finally, another methodological development that has the potential to significantly
improve the validity of research in this field is the development of recent survey scales, which
have been tested to accurately measure some of the variables studied in this dissertation. Survey
scales are assessment instruments used to measure a variable using multiple survey questions

that have been validated by researchers. The use of well-established survey scales to improve the
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validity of survey-based research is not new, however, recent updates to some common
instruments used in health decision-making research have provided opportunities to generate
more accurate research findings. For example, although a variety of scales exist to measure the
numeric skills of research participants (Lipkus et al., 2001; Weller et al., 2012), Hill et al.’s
recently developed numeracy scale appears to offer numerous benefits that may aid future
research studies investigating numeracy (2019). Chou et al.’s development of a health literacy
scale focusing on cancer literacy is another new survey scale that is likely to advance future

research examining people’s knowledge about cancer risks (2020).

6.3.2 Social media risk communication landscape

As societies increasingly rely on online communication platforms (e.g. WhatsApp) and social
media (e.g. Facebook, TikTok) to connect, risk educators aiming to communicate to the masses
will also inevitably need to shift their focus towards disseminating information using these
networks. Although this dissertation did not examine cancer risk communications on these
platforms, future work in risk communication design and development will increasingly need to
consider this new media landscape. Some recent works have begun to characterize current
communications about cancer that exist on these platforms (Cho et al., 2018; Parker et al. 2021).
Still, many public health departments have been slow to adopt and implement cancer risk
education campaigns on social media platforms (Han et al., 2019), leaving mostly user-generated
content to fill the void of information. The development and evaluation of online health risk
communication tools and programs will likely become an increasingly important part of carrying

out public health research and practice going forward.
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7 APPENDICES

APPENDIX 7-1. Example vignette authored by government agency containing contextual
information

Home About Us Careers Reports & Health Line: 1-800-278-3055 ext 200

reenville  — b o
Health Unit e &y

Home > Health Topics > Cancer > Bell Park Cancer Cluster investigation

Press Release - Bell Park Cancer Cluster Investigation

Page Last Updated: September 28, 2018 Related

OverviEw ) _ : T T e Information:
Inearly 2018, the Greenville Health Unit started 3 s

investigating a suspected cancer cluster located in

the Bell Park neighbourhood of Greenville after a C ' are Screening for

concerned citizen from the community reported ‘ - health.unit@greenville.com Cancer
11 cases of cancer inthe neighbourhood. Bell :
Park, located in Greenville’s west end, is home to High Risk Cancer Prevention
approximately 900 residents. Between 2013 and
2016, the rate of cancer inthe neighbourhood A 2017 Annual
was 1,222 per 100,000 residents, or about 2.1 : 4 o, Greenville Public
times higher than the national rate. - » : Health Report
n

Ongoing Investigation 2 52 :
The Greenville Health Unit is continuingto look Batting in aceraccident| 2 in SO

for individualsdiagnosed with cancer between

Cancer rak in

2013 and 2016, that lived in Bell Park for at least ; 1in .
‘ Smokers getting cancer - Defl Poek:
five years prior to 2013, or their next of kin, to m 100 oo

National

find common exposures that could explainthe Getting diagnosed with

cluster of cancer cases. Many industries and heartdisease after the 1 Phchiep bl
factories have been located in Beli Park o0l 1000 for 371 20000
historically, including Willamit Industries, a

manufacturing plantspecializing in soft plastics - 1in

that operates inthe North end of Bell Parkand Deathfrominfluenza 10000 10,000

employs many of the neighbourhood’s residents. i =

Based on air quality testing conducted in Bell Park

last month, officials fromthe Greenville Health Being struckby lightning 1000

Unit have concluded that the cancer cases are Low Risk
unlikelyto be attributed to air pollutionand are

still examining other potential causes. Risk ladder depicting the risks of cc

a person couia encounter

Cancer Facts
*One intwo individualsare expected to develop cancer duringtheir lifetime.
*Most cancers take atleast S years to develop after firstexposure. Some take longer.
*Family history is a risk factor for many types of cancer.
*Exposure to first-hand or second-hand tobacco smoke can greatly increase an individual's risk of cancer.

Information for Current and Former Residents of Bell Park

The Greenville Health Unit continues to meet with people who were diagnosed with cancer between 2013
and 2016 while livinginthe neighbourhood. The Healith Unit will continue to monitor cancer rates in Bell
Park and informthe community on how to lessen their risk of developing cancer in the future. Residents
are encouraged to attend the next community meeting for updates on the investigation scheduled on
Wednesday, October 17", 2018 at the Lawrence Bradley Community Centre in Bell Park.

Site Map | Terms of Use | Privacy | Accessibility | Staff
© Greenville Health Unit
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APPENDIX 7-2. Example vignette authored by news agency containing personal stories

GREENVILLE DAILYAS

o~ 13°C view full forecast>>
LOCAL 3 OPINIOH 3

Cluster of cancer cases discoveredinBell Park yO®<

JERRYWALSH &2

SPORTS

> HEALTH >  BUSINESS

Updated: September 28. 2018

When John Houtten was diagnosed with stage two lung cancer nearly two years ago his focus was squarely on
getting healthy and working out a treatment plan with his doctor that would give him the best chances of
survival. But a few weeks after his diagnosis, his wife, Cheryl, happened to strike up a conversation with
another neighbour at the local dog park and found out John was the third resident diagnosed with lung cancer
intheir neighbourhood that year.

‘There's got to be something here.’

‘It was a terrible coincidence. Soon we
started to hear about neighbours with other
cancers like breast and colon that had been
diagnosed in the last few yearsuntilwe had a
list of 11 of us. I thought. wow. there's got to be
something here.” said Houtten, seated at his
home's back porch in Bell Park a quiet
residential neighbourhood of about 900
people in Greenville's west end. Houtten
contacted the Greenville Public Health Unit,
which sparked an investigation into the
cases of cancer earlier thisyear. "People are
scared theres something in this
neighbourhood that's making us sick” said
Houtten.

Ca/ncm'ence not clusler resrdenfs told’

The health unit is still investigating whether the cluster of cases in
Bell Park constitutes a cancer cluster. ‘It could just be coincidence
and bad luck that these cases clustered together. We are still
investigating.” said Dr. Farrah Kent, Greenville's Medical Officer of
Health, at last night's community meeting in Bell Park. The Greenville
Public Health Unit hosted its first community meeting about the
cancer cluster investigation with Bell Park residents on Thursday,
where residents learned that the cancer rate in Bell Park may be
more than double the national rate based on their preliminary
analysis. Residents of Bell Park who have lived there for at least five
years and have had a cancer diagnosis are being asked to contact
Greenville's Public Health Unit as they continue to gather information
for their investigation. John Houtten remains hopeful he will get
answers from the Health Unit soon. “It's been tough not knowing why
thishappened. How many more people aregoing toget sick?”

©Copyright 201 Greenville Metro Media Group Ltd. All Rights Reserved
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APPENDIX 7-3. Findings from logistic regression analyses for health literacy, numeracy,
gender and education on self-efficacy belief outcome.

Parameter B SE  Wald p Exp(B) 95% Cl- 95% CI +
estimates

Intercept -0.67 0.90 -0.75 0.46 0.51 0.09 2.98
Health literacy 1.13 0.98 1.16 0.25 3.10 0.45 21.19
Numeracy 0.65 0.89 0.73 0.47 191 0.33 11.02
Health -0.64 1.05 -0.61 0.54 0.53 0.07 4.09
literacy*Numeracy

Female gender -0.39 0.38 -1.03 0.30 0.68 0.32 1.42
Education above 0.30 0.33 0.92 0.36 1.35 0.71 2.59

Bachelor’s degree

Note: B = regression coefficient; SE = standard error of the regression coefficient; Exp(B) = exponential
coefficient or odds ratio; CI = confidence interval of Exp(f3).

APPENDIX 7-4. Findings from logistic regression analyses for health literacy, numeracy,
gender and education on expert efficacy belief outcome.

Parameter B SE Wald p  Exp(B) %% Cl- 95%ClI +
estimates

Intercept 0.84 0.90 0.94 0.35 2.32 0.40 13.55
Health literacy -0.91 0.98 -0.93 0.35 0.40 0.06 2.72
Numeracy -1.38 0.89 -1.54 0.12 0.25 0.04 1.45
Health 1.29 1.04 1.24 0.22 3.63 0.47 27.96
literacy*Numeracy

Female gender 0.10 0.37 0.26 0.80 1.10 0.53 2.29
Education above -0.03 0.33 -0.10 0.92 0.97 0.51 1.84

Bachelor’s degree

Note: B = regression coefficient; SE = standard error of the regression coefficient; Exp(B) = exponential
coefficient or odds ratio; CI = confidence interval of Exp(p).
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APPENDIX 7-5. Findings from logistic regression analyses for health literacy, numeracy,
gender and education on science efficacy belief outcome.

Parameter B SE Wald p  Exp(B) 95% Cl - 95% CI +
estimates

Intercept 0.60 0.91 0.66 0.51 1.82 0.31 10.87
Health literacy 0.50 1.06 0.47 0.64 1.65 0.21 13.34
Numeracy -0.61 0.90 -0.68 0.50 0.54 0.09 3.17
Health -0.19 1.13 -0.17 0.87 0.83 0.09 7.56
literacy*Numeracy

Female gender 0.15 0.39 0.38 0.70 1.16 0.54 251
Education above 0.75 0.37 2.06* 0.04 2.13 1.04 4.36

Bachelor’s degree

Note: B = regression coefficient; SE = standard error of the regression coefticient; Exp(B) = exponential
coefficient or odds ratio; CI = confidence interval of Exp(p); * denotes significant p-value < .05.
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