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Abstract

The onset of the COVID-19 global health crisis coincided with an unprecedented rise in health
misinformation and false narratives related to the disease. This simultaneous spread of accurate
and inaccurate information, referred to as an infodemic, has had observable impacts on the
trajectory of the pandemic and the future of public health. While health misinformation has been
a factor in previous outbreaks, the increased prominence of social media as an information
platform allowed misinformation to spread more widely and rapidly than ever before. This
investigation aims to assess the impacts of COVID-19 misinformation in Alaska using a mixed
methods approach. The first study uses a machine learning model to describe themes from
popular public-facing Alaska-based Facebook pages in which posts or comments containing
misinformation proliferated. The second study aims to evaluate the effectiveness of a brief
educational intervention in lowering vaccine hesitancy using an online, randomized controlled
trial survey. The final study uses a One Health framework to explore how the circulation of false,
incomplete, and excessive information affected professionals responding to the COVID-19
pandemic. Findings from these studies offer insight into infodemic dynamics in Alaska,
including trends in online misinformation, the need for highly targeted, coordinated
communication strategies, and the challenges posed by misinformation across response sectors.
First-hand knowledge of the effects of the infodemic revealed a direct impact on the community,
professional practice, mental and physical health. The erosion of trust in science and public
health along with the unprecedented politicization experienced during the pandemic not only
impaired the immediate response but appears to have lasting repercussions on the field of public
health. By leveraging these findings, we can enhance emergency preparedness for future public

health threats with an informed, proactive, and nimble response.
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Chapter 1: General Introduction

1.1 Background

On March 11, 2020, the World Health Organization (WHO) declared the novel
coronavirus (SARS-CoV-2) outbreak a global pandemic (World Health Organization, 2020a). In
the months following, governmental agencies around the world struggled to overcome complex
issues associated with the prevention and control of this novel virus. The emerging threat of
inaccurate or misleading information became evident when various mitigation efforts were
unsuccessful, and public health measures were insufficient to stop the spread of the virus (Pei et
al., 2020). Persistent misinformation and the ubiquity of social media contributed to widespread
confusion about COVID-19 amongst the public (World Health Organization, 2020b).

Addressing health security issues during a global pandemic is a complex and dynamic
undertaking, requiring expertise from many typically divergent domains (Bourbeau et al., 2022).
Veterinary scientists, physicians, epidemiologists, social scientists, and virologists each play a
critical role in understanding risk factors, surveillance, medical countermeasures, and origins of a
pathogen (Bourbeau et al., 2022). Effective risk communication during a public health
emergency requires a multidisciplinary approach to ensure transparent and clear communication,
comprehensive and action-oriented emergency plans, and responsive policymakers (Bourbeau et
al., 2022; Heydari et al., 2021). Health misinformation can undermine the efforts and
recommendations made by these sectors (Reis, 2022). For example, despite the widespread
availability of safe and effective vaccines, as of October 2022, only 67% of Americans were
fully vaccinated (two doses) (Centers for Disease Control and Prevention, 2022c). This number
is even lower in Alaska alone (63%) (Centers for Disease Control and Prevention, 2022c).

The proliferation of misinformation, fear, and uncertainty inhibited the uptake and
efficacy of control measures implemented to protect the public and health workforce throughout
multiple waves of the pandemic (Reis, 2022). Though a growing amount of scientific research on
health misinformation exists, there is a pressing need to better understand how to identify,
monitor, and understand misinformation and its impact on individual, community, and

population health during emergencies (WHO, 2021).



1.2 COVID-19 Disease

The causative agent of the disease COVID-19 is SARS-CoV-2 (severe acute respiratory
syndrome coronavirus 2). SARS-CoV-2 is a positive-sense, single-stranded RNA virus of the
family Coronaviridae (Rabaan et al., 2020). Coronaviruses can infect humans and animals,
causing mild to severe respiratory symptoms. Coronaviruses caused two previous human
outbreaks, SARS-CoV (severe acute respiratory syndrome) in 2002 and MERS-CoV (Middle
East respiratory syndrome) in 2012, both of zoonotic origin and causing serious illness in
humans (Rabaan et al., 2020).

In late 2019, idiopathic viral pneumonia appeared in Wuhan, China, swiftly overtaking
SARS and MERS in terms of transmissibility and geographic spread (Hu et al., 2021).
Symptoms of this illness were similar to SARS and MERS and included fever, cough, sore
throat, dyspnea, and bilateral lung infiltration (Hu et al., 2021). The first cohort of hospitalized
patients were nearly all linked to the Huanan Seafood Wholesale Market in Wuhan, which sold
seafood, poultry, wildlife, and live animals (see Figure 1.1). Subsequent studies have dated the
first case back to December 8, 2019, and on December 31 (more than three weeks later), the

Wuhan Municipal Health Commission alerted the WHO.

Figure 1.1: COVID-19 disease emergence timeline.

| 8 December 2019 28 February 2020
Onset of the first recorded case in WHO risk assessment increased to
Wuhan very high an the glabal level
31 December 2019 11 February 2020 2 October 2020
First report of 27 cases of pneumania WCTV named virus SARS-CoV-2 and >34,000,000 cases and
with unknown cause in Wuhan. China WHO named disease COVID-19 =1.000.000 deaths
December January February March »
9 January 2020 | 11 March 2020
China announced the idemtification of | WHO defined COVID-19
a novel coronavirus as the causative as a pandemic
agent of the pneumenia outbreak 1
29 January 2020
13 January 2020 20 January 2020 " The coronavirus
Case of a traveler from Human-ta-human 23 January 2020 spread to all 34 30 January 2020
Wuhan was confirmed transmission was | Wuhan city was Provinces across | WHO declared a
in Thailand confirmed lpcked down China PHEIC alert

(Hu et al., 2021)

Through genomic sequencing and viral isolation from patient samples, scientists in China
identified the causative agent as a novel beta coronavirus, and the complete genome sequence
was published just days later, on the GISAID database (Hu et al., 2021). Evidenced by the almost

immediate identification of healthcare facilities, it became apparent that human-to-human



transmission was occurring; within one month, every province of China had confirmed cases (Hu

et al. 2021). In response, China implemented unparalleled public health restrictions, curbing all

gatherings and outdoor activities, and shutting down transportation (Hu et al., 2021), but the

international spread of the virus had already begun, with cases confirmed in Europe, North

America, the United Arab Emirates, and Australia by the end of January (World Health

Organization, 2020a). On March 11, 2020, the soaring number of cases and geographic reach of

the virus led the WHO to declare the outbreak a global pandemic.

Figure 1.2: SARS-CoV-2 lineage.
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Phylogenetic analysis reveals that SARS-CoV-2 is most closely clustered with

coronaviruses from horseshoe bats and pangolins, though it is genetically distinct from both (see



Figure 1.2). The closest known relative to SARS-CoV-2, known as 'RATG13', is found in the bat
species Rhinolophus affinis, which shares 96.2% of its genome with SARS-CoV-2 (Zhou et al.,
2020). Despite the abundance of research on the origins of SARS-CoV-2, much remains to be
determined. It is likely that, like previous human coronaviruses, SARS-CoV-2 emerged as a
result of a spillover event, where an animal virus evolves to become capable of infecting
humans. Typically, spillovers involve a reservoir animal, as was the case with both SARS and
MERS (palm civets and dromedary camels, respectively); in these cases, the virus harbored by
the intermediate hosts was more than 99% identical to the human form of the virus (Hu et al.,
2021). As of November 2023, no virus has come close to matching that level of similarity to
SARS-CoV-2. The two closest candidates, viruses from bats and pangolins, register at 96.2%
and 92% similarity, a difference likely resulting from more than 20 years of genetic sequence
evolution (Hu et al., 2021).

The clinical pathogenesis of COVID-19 ranges from mild symptoms to respiratory
failure, the latter more likely in those with advanced age or certain pre-existing conditions such
as obesity, pregnancy, diabetes, or immunocompromising comorbidities (Centers for Disease
Control and Prevention, 2022b). The virus is often transmissible before a person becomes
symptomatic (the mean incubation period is 6.9 days, while the mean latency period is 5.5 days),
further enabling its spread (Xin et al., 2022). Pharyngeal virus shedding is the principal mode of
spread through respiratory droplets and aerosolized particles, though fomite transmission is
possible (Centers for Disease Control and Prevention, 2021). Therapeutics for COVID-19
infection include antivirals (Nirmatrelvir with Ritonavir, Molnupiravir, and Remdesivir) and
convalescent plasma, and Pfizer developed the first vaccination for COVID-19 in December of

2020 (Centers for Disease Control and Prevention, 2021).

1.3 The Challenges of Misinformation
1.3.1 Disputed Definitions
Despite the recent upswing in research centered on COVID-19 misinformation,
consensus around a case definition for the term continues to be defined (Southwell et al., 2022).
The word misinformation carries with it confusion and political weight, and as a result,
numerous studies work towards standardizing a case definition (Southwell et al., 2022; Vraga &

Bode, 2020). Without a solid understanding of what is meant by misinformation, results from



studies investigating the topic can be conflicting, misconstrued, and produce reproducibility
issues. According to the CDC, misinformation is defined as false information shared by people
who do not intend to mislead others (Centers for Disease Control and Prevention, 2022a). There
is a distinction between this definition of misinformation and two similar terms: disinformation,
defined as false information deliberately created and disseminated with malicious intent (Centers
for Disease Control and Prevention, 2022a), and malinformation, defined as genuine information
shared to cause harm (Santos-D’ Amorim & Miranda, 2021). Colloquialisms for misinformation,
such as fake news and rumor, are often used synonymously with misinformation. The definitions
of all three of these terms are debated and can differ slightly depending on the setting.
Importantly, these distinctions are based upon the author's intent, making definition
determination challenging and rendering this classification system problematic, as the author's
intent is not always knowable. Therefore, as in other studies (Bahl et al., 2022; Wu et al., 2019),
misinformation will be defined more broadly in a definition derived from Vraga and Bode;
information considered incorrect based on the best available evidence from relevant experts at
the time. (Vraga & Bode, 2020). This definition avoids the imprecise language often used in
alternative definitions (such as that found in the CDC definition above), which invites discord
around what "false information" is. Though this case definition also has notable limitations and
can provoke additional inquiry (such as who is doing the considering or who the relevant experts
are), it adheres to the scientific norm of favoring simplicity while maintaining accuracy and
being relatively easy to operationalize (Southwell et al., 2022).

Mis-, dis-, and malinformation can be seen in many contexts, going back to antiquity.
When the Roman Republic faced a civil war, Octavian launched a misinformation campaign
against Mark Antony and later became the first Emperor of Rome (BBC, 2023). The introduction
of the printing press facilitated large-scale misinformation campaigns, which could alter the
course of history. Misinformation in the form of propaganda led to the outbreak of war in the
19" and 20™ centuries (Spanish-American War and World War I, respectively) (BBC, 2023).
Political strategists have also used misinformation; during the 2016 United States presidential
election, Russia's Internet Research Agency created fake social media accounts, groups, and
news articles targeting specific racial groups and political ideologies (Grossman & Diresta,
2019). This content discouraged electoral participation by certain groups and sowed further

division within the United States. In Brazil, the office of the presidency has spread



disinformation against political opponents and, more recently, messages aimed at discrediting
COVID-19 precautions and the officials promoting them (Ricard & Medeiros, 2020). Finally, in
the past, India was burdened with torrents of misinformation concerning child abuse, public
health issues, and cyclones, which led to the outbreak of violence in the state's religious and
caste system context (Doshi, 2017).

The complexity of health misinformation is compounded by the wide variety of channels,
topics, sources, and receivers in the system. Researchers have attempted to classify health
misinformation, including exercise and nutrition, cancer information, epidemics/pandemics,
medication adherence, vaccinations, and tobacco use (Krishna & Thompson, 2021).
Misinformation can spread swiftly on social media platforms, but also through blogs, media
outlets, and television. Emerging research suggests interpersonal interaction may also play a

significant role in misinformation proliferation (Melki et al., 2021).

1.3.2 [Info]rmation Pan[demics]: The Introduction of the Infodemic

The CDC states that “misinformation often arises when there are information gaps or
unsettled science, as human nature seeks to reason, better understand, and fill in the gaps”
(Centers for Disease Control and Prevention, 2022a). Throughout the COVID-19 pandemic,
uncertainty and imperfect data set the stage for misinformation to proliferate and create
significant barriers to public health response. The WHO developed resources to combat the
unparalleled abundance of information during the COVID-19 pandemic, including guidelines,
training, and resolutions dedicated to tackling the "infodemic".

The WHO defines an infodemic as an overabundance of information—some accurate and
some not—that occurs during an epidemic (Tangcharoensathien et al., 2020). The term was
coined during the SARS outbreak in 2003 by national security analyst David Rothkopf. In a May
2003 issue of the Washington Post, Rothkopf wrote about two simultaneous pandemics: the
SARS pandemic and the infodemic, which made the public health crisis harder to contain
(Rothkopf, 2003). The term was then picked up and expanded upon by Gunther Eysenbach (a
health researcher at the University of Toronto), who created the field of infodemiology
(information epidemiology) (Eysenbach, 2002). To support this burgeoning field, the WHO

developed research priorities in 2021 to include five major streams, shown in Table 1.1 below.



Table 1.1: Infodemiology research priorities defined in Framework for Managing the COVID-19 Infodemic:
Methods and Results of an Online, Crowdsourced WHO Technical Consultation.

1 Measure and monitor the impact of infodemics during health emergencies.

2 Detect and understand the spread and impact of infodemics.

3 Respond and deploy interventions that protect and mitigate the infodemic and its harmful effects.

4 Evaluate infodemic interventions and strengthen the resilience of individuals and communities to
infodemics.

5 Promote the development, adaptation, and application of tools for managing infodemics.

(Tangcharoensathien et al., 2020)

The field of infodemiology saw renewed interest during the COVID-19 pandemic, and as
a result, the body of credible scientific research on the topic grew, an appreciable portion of
which is dedicated to identifying significant causal factors of an infodemic. As the volume of
information on a topic swells, the noise also increases, making it difficult to determine which
information is factual. This confusion intensifies when the subject is technically challenging,
such as medical treatment or the epidemiological characteristics of a disease. In these cases
where reliance on technical experts is paramount, the influence of celebrity backing on non-
credible theories, products, and treatments is particularly harmful. Furthermore, failure to
disclose financial conflicts of interest (something alarmingly common according to one study
(Niforatos et al., 2019)) and an increased number of pre-print articles further obfuscate the facts.

When a disease is caused by a novel pathogen (such as SARS-CoV-2), and there is
sparse, imperfect data about the disease itself, it is human nature to seek concrete answers, even
when none exist. This phenomenon, known as 'cognitive closure,' leads us to believe in
alternative facts and trust unproven treatments (Webster & Kruglanski, 1994). In addition, as
knowledge about a novel pathogen advances, it will inevitably change and evolve, which can
lead to distrust in the scientific method and institutional authority. This is especially detrimental
in a democratic society, as public health systems primarily depend on the public's trust in

regulatory and recommending authorities.



The role of media (both social and traditional) in the making of an infodemic is apparent.
As discussed, social media and other digital technologies enhance the speed of spread and
volume of misinformation online. As web-based media has overtaken traditional print and
television media, the pressure to publish salacious, provoking, and polarizing clickbait has risen,
and twenty-four-hour cable news networks have grown increasingly ideologically biased (Kim et
al., 2022). At the same time, only 4 in 10 U.S. adults learn to analyze science news stories for
bias and credibility in high school (Lessenki, 2021). The result is a ripple effect, as countries
with lower media literacy have higher levels of distrust in scientists and vice-versa (Lessenki,
2021). Studies have established that medical mistrust is associated with many adverse health
outcomes, including underutilization of healthcare services (LaVeist et al., 2009), lower
adherence to medication amongst patients with HIV (Dale et al., 2016), and lower quality of life

for men with prostate cancer (Kinlock et al., 2017).

1.3.3 Technology-Enabled Misinformation

While mis-, dis-, and malinformation are age-old, novel methods of disseminating
misinformation have arisen in recent decades. Current technologies allow information to flow at
unprecedented speed and volume, enabling misinformation to flourish in the virtual world. In
2017, the term 'deepfake' gained popularity after developers used artificial intelligence to create
synthetic, highly realistic videos. Researchers at the University of Washington generated a
photorealistic video of Barack Obama speaking using audio alone, while other technologies, such
as Face2Face, utilize different inputs to create similar videos (Suwajanakorn et al., 2017). The
product is a video showing a person saying or acting out whatever the creator decides, sparking
concern about its potential to be used maliciously and threaten political security (Pantserev,
2020). Social bots (automated accounts that use artificial intelligence to promote their influence)
(Allem & Ferrara, 2018) have become increasingly common across platforms in recent years,
amplifying misinformation by giving the impression of widespread interest or stoking partisan
division (Akers et al., 2018). Social media algorithms allow bots to significantly influence online
discourse, as they reward hasty emotional responses and encourage confirmation bias (Vosoughi
et al., 2018). A 2022 study of over four billion tweets suggested that conservative-leaning bots
promulgated the conspiracy theory that COVID-19 was developed as a bioweapon 200% more

than conservative-leaning humans (Chang & Ferrara, 2022). A growing body of evidence also



shows that specific user characteristics are associated with trusting and disseminating false
information and may be more prone to social bots' influence (Shu et al., 2018). Though social
bots can effectively influence online discourse and support chosen agendas, their broader impact
on health behavior is poorly understood (Shao et al., 2018). Finally, highly sophisticated tracking
of users' web browsing habits has emerged to enhance the effectiveness of advertisement
targeting. Typically, a company will embed content into websites to track a visiting user's history
between sites (Roesner et al., 2012). Alternatively, browser fingerprinting allows some operating
systems and browser features to identify users across web pages (Nikiforakis et al., 2013). Both
tools target individuals based on private information stored on social media sites, such as health
conditions, zip codes, and other sensitive data points (Cinelli et al., 2020). Gab, a newcomer to
social networking, found that engagement for unreliable messages was 300% more than for
reliable messages. The ubiquity of online misinformation during the COVID-19 pandemic was
quickly recognized, and as a result, fact-checkers increased by over 900% in just three months
(January-March) in 2020 (Brennen et al., 2020).

The impact of these technologies deepens as the role of social media as an information
source escalates. In 2005, only 5% of American adults used any social media platform, a sharp
contrast to the 72% who use social media today (see Figure 1.3) (Pew Research Center, 2021).
Significant variation exists when breaking down users by age, gender, and education level.
Social media use tends to decrease with age; females use social media more than men, and
individuals who attended at least some college showed higher social media use than those with

only a high school education or less. (Pew Research Center, 2021).

Figure 1.3: Percent of U.S. adults who say they use at least one social media site.

(Pew Research Center, 2021)



According to Pew Research Center, eight in ten Americans "often" or "sometimes" get
news from a digital device such as a smartphone, tablet, or laptop (Mitchell & Shearer, 2021), an
increase from the 23% who regularly went online for news in 2000 (Pew Research Center,
2000). See Figure 1.4 below. Further, over half of Americans get news on social media at least

sometimes, with Facebook standing out as a dominant source (Mitchell & Shearer, 2021).

Figure 1.4: Percent of U.S. adults who get news from social media.

% of U.S. adults who get news from social media ...

Often Sometimes Rarely Never

18 21 7

(Mitchell & Liedke, 2021)

Interestingly, only 25% of Americans say social media has improved their understanding
of current events (a number that continues to decline), and most (59%) expect social media news
to be largely inaccurate (Mitchell & Shearer, 2021). Despite this, the situation regarding health
information found online is essentially the same. During the COVID-19 pandemic, almost half of
Americans claimed to be getting some (30%) or a lot (18%) of information about COVID-19
vaccines on social media (Mitchell & Liedke, 2021). This surge in information availability has

complicated the filtering of false information, leading to the term 'infodemic.’

1.3.4 Susceptibility to Health Misinformation

Recent surveys by the Kaiser Family Foundation (KFF) have attempted to gauge belief in
misinformation in the United States. One survey identified eight common misinformation
statements about COVID-19 and surveyed over 1,500 people about their belief in those
statements (see Figures 1.5 and 1.6 below). Of the individuals surveyed, 78% had heard of at
least one of these statements and either believed them to be accurate or were unsure if they were
true (Hamel et al., 2021). There were significant differences between partisanship and

vaccination status and minor differences when broken down by community type and education
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level. Of those surveyed, 46% of Republicans believed or were unsure about four or more of the

statements, compared to 14% of Democrats.

Figure 1.5: Have you heard anyone say or have you read anywhere that...? IF YES: To the best of your knowledge,

is that true or false, or do you not know whether it is true or false?.

Nearly Eight In Ten Believe Or Are Unsure About At Least One
Common Falsehood About COVID-19 Or The Vaccine

Have you heard anyone say or have you read anywhere that..7 IF YES: To the best of your knowledge is that frue or
false, or do you not know whether it is true or false?

B Have heard, believe to be true [lHave heard, don't know if true BINET

The govemnment is exaggerating the number of

ooy
COVID-19 deaths 3% 2%
/D-
Preg_nanl women should not get the COVID-19 17% 2%
vaccine
Deaths due to the COVID-19 vaccine are being o
intentionally hidden by the government 18% 17%
The COVID-19 vaccines have been shown to
cause infertility G —
[vermectin is a safe and effective treatment for a
COVID-19 %
You can get COVID-19 from the vaccine 14% 10%
The COVID-19 vaccines contain a microchip % 1%

The COVID-19 vaccines can change your DNA 8%  13%

(Hamel et al., 2021)

Among unvaccinated adults, 64% believed or were unsure about four or more statements,
while that number was only 19% for those who had received a vaccine. Additionally,
respondents who lived in rural areas were more likely to believe or have doubts about four or
more of the above statements than urban residents.

Studies have also shown that those who believe conspiracies about COVID-19 are almost
four times less likely to receive a vaccine than those who do not (Earnshaw et al., 2020).
Researchers have conducted studies on racial differences in COVID-19 misinformation beliefs,
but unfortunately, they did not include American Indian and Alaska Native (AI/AN) peoples (the

largest minority group in Alaska) as a population group for analysis.
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Figure 1.6: Number of false statements about COVID-19 that individuals believe to be true or are unsure about by

community type, party identification, and COVID-19 vaccination status.

One-Third Believe Or Are Unsure About Four Or
More False Statements About COVID-19

Number of false statements about COVID-19 that individuals believe to be true or are
unsure about:

M None [l 1-3 false statements [ll4 or more false statements

Total

COVID-19 vaccination status

Vaccinated

Unvaccinated

Party ID

Democrats

Independents

Republicans

Community type

Urban

Suburban

Rural

(Hamel et al., 2021)

1.3.5 Effects of Health Misinformation

In 2021, U.S. Surgeon General Vivek Murthy issued a statement urging Americans to
help slow misinformation's spread, emphasizing the threat to public health. (U.S. Department of
Health and Human Services, 2021). Past outbreaks have demonstrated the role of misinformation
and distrust in public health institutions. During the Ebola virus outbreak in West Africa in 2014,
fear and misinformation spread in online social media networks, leading many to believe
inaccurate information about the virus's transmission mode (Oyeyemi et al., 2014). It also led to
the distrust of foreign NGOs responding to the crisis and stigmatizing Ebola survivors and
medical professionals (Allgaier & Svalastog, 2015). One researcher wrote of the widespread
chaos in the region when rumors of false cures circulated, resulting in the death of two
individuals who drank large quantities of saltwater to avoid contracting Ebola (Krishna &

Thompson, 2019).
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In recent decades, measles outbreaks have cropped up around the world, from the United
States to Israel and Italy. In 2018, over 600 measles cases were reported in the United States,
many of which were clustered in areas with suboptimal vaccination rates (Liu et al., 2015).
Similarly, between September 2017 and August 2018, the European Surveillance System
reported over 13,000 measles cases across 30 countries attributed to low vaccination rates
(Gesser-Edelsburg et al., 2018). Despite measles being vaccine-preventable and the link between
health misinformation and vaccine hesitancy being repeatedly demonstrated (Carrieri et al.,
2019), the prevalence of parental concerns over childhood vaccines continues to rise (Kempe et
al., 2011).

Belief in misinformation can cause many other harmful health effects, including delaying
or denying medical treatment and using complementary and alternative medicine (CAM)
(Stoneman et al., 2013). Homeopathic remedies have recently experienced an uptick in the social
media information ecosystem, including claims that essential oils can cure various childhood
illnesses (Armstrong & Naylor, 2019). Further, some have forgone cancer treatment, favoring
herbal supplements, vitamins, or specific diets (Wilner & Holton, 2020). Finally, belief in health
misinformation can negatively impact everyday lifestyle choices, including diet and exercise
habits. In recent years, dieting by blood type has become a trend despite it having little to no
scientific foundation (Cusack et al., 2013), and fad diets made famous by influencers are
consistently linked to health risks and negative psychological impacts (Khawandanah & Tewfik,
2016). Additionally, in 2023, 78% of physicians said misinformation about weight loss was a
problem, 77% said misinformation about dietary supplements was a problem, and 72% said
misinformation about mental health was a problem (De Beaumont, 2023).

New challenges have arisen during the current COVID-19 pandemic, reflecting
technological advancements and the changing political climate. A 2022 poll by de Beaumont
found that 72% of physicians (primary care providers, acute care physicians, urgent care
physicians, hospital physicians, and other types of physician specialists) said misinformation has
made it harder to treat patients for COVID-19, and the same percentage said it has negatively
impacted patient outcomes (De Beaumont, 2023). The same poll also found that 44% of
physicians estimate that more than half of the COVID-19 information they see, read, and hear
from patients is misinformation (De Beaumont, 2023). The sample included 806 U.S. physicians

who spent at least half of their time in direct patient care.

13



1.4 Combating Health Misinformation
1.4.1 Theoretical Context

Communication Theory

Existing preparedness frameworks identify effective risk communication as a critical
component of pandemic preparedness (Dar et al., 2014). Risk communication is the act of
providing the audience with information about the expected type (good or bad) and magnitude
(weak or strong) of an outcome from a behavior or exposure (Centers for Disease Control and
Prevention, 2014). In 2017, the WHO developed a report on risk communication,
Communicating Risk in Public Health Emergencies: a WHO Guideline for Emergency Risk
Communication (ERC) Policy and Practice, which highlights the importance of building trust in
communities, communicating uncertainty and engaging community members (World Health
Organization, 2017). This 79-page report materialized in response to public health emergencies
that highlighted challenges and gaps in current risk communication frameworks, such as the
2014 Ebola virus outbreak in West Africa, yellow fever outbreaks throughout Africa in 2016,
and the Zika virus in 2015. The report provides three primary recommendation themes, each
containing multiple specific recommendations, classified by strength of recommendation and
quality of evidence.

Interestingly, the only one of these statements designated as a ‘conditional
recommendation’ is 3.c (engage the public with social media). The rationale given for the rating
was that though there is moderate evidence to support the use of social media to create
situational awareness, address public concerns, facilitate local response, and monitor and respond
to rumors, the resource requirements, feasibility, and potential harms (such as misuse, cultural
concerns) delegate it as a recommendation only in certain contexts (World Health Organization,
2017).

The CDC produced its own emergency communications guidelines in 2014, the Crisis
and Emergency Risk Communication (CERC) manual, which includes chapters on the
communication lifecycle during a crisis, the psychology of a crisis, matching messages and
audiences, and stakeholder and media engagement (see Figures 1.7 and 1.8). The report
emphasizes the importance of communication at different stages of a crisis. Considering the
appropriate communication at each interval ensures proper application of risk communication

principles.
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Figure 1.7: Recommendations from the 2017 WHO report, Communicating Risk in Public Health Emergencies: a
WHO Guideline for Emergency Risk Communication (ERC) Policy and Practice.

Theme Description Recommendations

Build trust with: functioning, Involve people the community trusts in
timely, transparent and decision-making to ensure
Build trust and engage accessible services, address interventions are collaborative,
with affected -affected populations, link to contextually appropriate and that
populations. self-efficacy, and disseminate communication is community-owned.
using multiple platforms,
methods and channels.

Communicate uncertainty.

Emergency risk Tailor information Develop organizational
communication and communication networks across disciplines,
plays key role in systems to the geography and national
global and national needs of users and boundaries.
emergency involve local
preparedness and stakeholders.
response leadership Define sustainable budget

teams. for emergency preparedness
Build capacity. and response.

Engage the public Carefully consider
Engage in with social media. messaging.
strategic

Practice emergency risk communication
communication. planning.

Integrate emergency risk
communication into health
and emergency response
systems.

Develop monitoring
and evaluation
tools.

(Maxwell, 2024)
The CERC draws upon risk communication principles outlined in documentation from
another federal entity, the Environmental Protection Agency (EPA). The EPA’s Seven Cardinal
Rules of Effective Risk Communication identifies the guidelines seen in Table 1.2.

To specifically target misinformation during emergent public health threats, the Johns
Hopkins Center for Health Security developed a report in 2021 titled, National Priorities to
Combat Misinformation and Disinformation for COVID-19 and Future Public Health Threats: A
Call for a National Strategy. This report provides a comprehensive guide to developing a
national strategy aimed at preventing and correcting misinformation using four pillars:

1. Intervene against false and damaging content and the sources propagating it.

2. Promote and ensure the abundant presence and dissemination of factual information.
3. Increase the public’s resilience to misinformation and disinformation.
4. Coordination of a national strategy includes input from social and news media,

government, national security officials, public health officials, scientists, and the public.
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Figure 1.8: Recommendations from the 2017 WHO report, Communicating Risk in Public Health Emergencies: a

WHO Guideline for Emergency Risk Communication (ERC) Policy and Practice.
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(Centers for Disease Control and Prevention, 2014)

Table 1.2: Seven cardinal rules of effective risk communication.

1 Accept and involve the public as a legitimate partner.

2 Listen to the audience.

3 Be honest, frank, and open.

4 Coordinate and collaborate with other credible sources.
5 Meet the needs of the media.

6 Speak clearly and with compassion.

7 Plan carefully and evaluate performance.

(Centers for Disease Control and Prevention, 2014)

This report recommends establishing a national strategy to combat misinformation during
future health threats, allowing for increased capacity, expertise, and capability from federal
security agencies. The report outlines key stakeholder partners in this national strategy, including
social media platform owners, policymakers, scientists, members of the public, and national
security agencies. Approaching health misinformation from a national security standpoint is
gaining momentum, as the federal government already has standing agencies tasked with

combatting similar influence operations (such as the Mis-, Dis-, and Malinformation Team
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housed within the Cybersecurity and Infrastructure Security Agency). Similar reports from the
Johns Hopkins Center for Health Security emphasize the cost of COVID-19 vaccine
misinformation and disinformation, estimated to be from $50 to $300 million daily (Kirk Sell et
al., 2021).

Despite the extensive existing toolkits, guidelines, and recommendations on risk
communication for public health officials (the more recent one aimed directly at tackling
COVID-19 misinformation), integrating this literature into public health practice in real-time

remains a remarkable challenge.

Behavior Change Theory

Another approach to tackling the impacts of misinformation during public health
emergencies is through behavior change models. Theories of behavior change guide the
development of evidence-based strategies aimed at altering or preventing belief in
misinformation (Gimpel et al., 2021; Houlden et al., 2021; Joseph et al., 2023; Kamran & Naeim,
2021) and recently, international organizations such as UNICEF have established behavior
change observatories to inform COVID-19 misinformation interventions (United Nations
International Children’s Emergency Fund, 2021).

Theories of behavior change describe, explain, and predict behavior change. They should
enable us to design an effective intervention that produces exactly those behavior changes
predicted by the relevant theory (Lippke & Ziegelmann, 2008). These models are extensively
utilized when designing health interventions such as nutrition and physical activity changes,
smoking cessation, substance abuse treatment, injury prevention, and various other areas of
public health. All behavior-change theories assume that social and psychological processes
underlie health behavior and must be considered during the development of interventions for
them to be successful. While it is outside of the scope of this research to review each of the
numerous behavior-change theories relevant to public health; Table 1.3 shows a high-level
overview of some of the most common.

In addition to informing behavior change-related interventions, these models have also
been utilized to assess motivating factors for health beliefs. In 2021, (Mahmud et al., 2021)
applied sociodemographic measures derived from the Health Belief Model (perceived

susceptibility, perceived severity, perceived benefits, perceived barriers, cues to action, self-
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efficacy) to examine the predictive factors of intent to receive a COVID-19 vaccine in Saudi

Arabia. The findings of this study identified that perceived susceptibility and severity of COVID-

19 and perceived benefit of the vaccine were positively associated with vaccination intent, but

perceived barriers had a negative association with vaccination intent.

Table 1.3: Selected theories of behavior change.

Theory

Reasoned
Action and
Planned

Behavior

Health
Belief Model

Stages

None

None

Key Components and
Mechanisms of Change

Behavioral intentions are caused by
attitudes toward behavior and subjective
norms. Perceived behavior control also
impacts behavioral intentions.
Behavioral intentions are linked to actual
behavior. Behavior explained by this

theory must be under volitional control.

A perceived threat consists of
susceptibility and severity of
consequences. Susceptibility and
severity must be high in order for the
threat to be high. The perceived benefit
includes the efficacy of the health
behavior. If the efficacy of the health
behavior is seen as high, a person is
more likely to do that behavior. Barriers
can keep a person from taking health
behavior action even when threat and
behavior efficacy are both high.
Emphasis is placed on perceived threat
and perceived efficacy. Cues to action
may initiate health behavior. Self-

efficacy as an independent co ponent

18

Applications to Health
Behavior

Smoking, condom use,
weight loss, diet, giving blood,
testicular self-exam, marijuana
use, drinking low-fat milk,
gambling, gang violence,
breastfeeding, drinking and
driving, sexual behavior, breast
self-exam, Lamaze childbirth,
physician and healthcare worker
behavior, domestic violence.

Mammography screening,
compliance with physician
recommendation, HIV protective

behavior.



Table 1.3 (cont.)

Protection None Fear arousal (from fear of an
Motivation outcome) results from threat appraisal
Theory (including perceived vulnerability and

perceived severity). Coping appraisal
includes response efficacy and self-
efficacy. Personal mastery of a behavior
may relate to increased behavior, too.

Transtheoret- 5 Five stages include 1) pre-

ical Model contemplation, 2) contemplation, 3)
preparation, 4) action, and 5)
maintenance. The “Strong Principle”
states that there is a one standard
deviation increase in the “pros” of
behavior change and a 0.5 standard
deviation decrease in the “cons” of
behavior change that defines the
progress from pre-contemplation to
action. Individuals can progress and

relapse and circularly re-progress

through stages. The maintenance stage is

the only stage at which true change can

be said to have occurred.

Safe sex, health compliance,

exercise.

Smoking cessation, diet,
skin cancer prevention,
mammography screening, meat
consumption during livestock

epidemic.

(Jans et al., 2023)

In 2018, (Gagneur et al., 2018) used a modified Transtheoretical Model as a foundation

for a postpartum vaccination promotion intervention, resulting in a 15% increase in mothers’

intentions to vaccinate their children. These behavior-change theoretical frameworks can be used

in partnership with behavior-change techniques, such as motivational interviewing, to enhance

an intervention’s efficacy, as was done in the previously mentioned study. Still, others have

chosen to segment their audience into categories to take a more personalized approach. Through

survey data, researchers at Surgo Ventures (a U.S.-based public health non-profit) developed

‘The Five Vaccine Personas’: the enthusiasts, the watchful, the cost-anxious, the system

distrusters, and the COVID skeptics (Surgo Ventures, 2023). They argue that addressing these
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subgroups is essential, as it involves acknowledging the specific perceptual and structural

barriers that affect their vaccination intent.

1.4.2 Infodemic Management Approaches

Research devoted to health misinformation (specifically infodemic management) has
been mainly within the digital realm since the onset of the COVID-19 pandemic. In 2020, the
WHO developed guidelines for multilevel, evidence-based interventions to change people’s
behaviors (World Health Organization, 2021). The infodemic management ecosystem model
(Figure 1.9 below) outlines four pillars of intervention: listen to concerns, communicate risk, and
distill science, promote resilience to misinformation, and engage and empower communities.
Within these pillars lie multiple techniques and strategies, many of which are becoming

increasingly popular across industry and academia.

Figure 1.9: Recommendations from the WHO’s Infodemic Management: An Overview of Infodemic Management
During COVID-19.

Scence Interventions Impact

1 Listen to concerns
2 Communicate risk & distil science

Behaviour
4 Engage & empower communities change &
' epidemic risk
Infodemiology mitigation

3 Promote resilience to misinformation

(World Health Organization, 2021)

Listen to Concerns

To enable public health practitioners’ ability to listen to the concerns of the public,
methods of tracking information have advanced since the beginning of the pandemic.

Communicators can yield valuable results by understanding what information is shared, how that
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information is discussed, and identifying information gaps. They can use this information to
develop custom messages and inform efforts to combat particularly virulent misinformation.
While this pillar applies to online and offline forums, novel methods of listening to online
concerns have arisen. One technique, social listening, uses new open-sourced tools across social
media platforms to gauge specific metrics around a chosen topic. Social listening involves
tracking and analyzing public conversations on social media, blogs, and news commentaries and
disaggregating data by categories, such as the complaints people are making, or questions people
are asking. It must also discern the population's sentiments, perspectives, practices, and attitudes
(World Health Organization, 2021). Social listening often utilizes natural language processing
and machine learning technology to provide policymakers and public health authorities with
timely data, such as topics of concern and evaluation of messages, and the opportunity to get
ahead of emerging misinformation. Social listening has been widely used on digital platforms
during the COVID-19 pandemic as a form of information surveillance, particularly in the context
of vaccine sentiment and hesitance (Hou et al., 2021), but also as a method to inform the design
of qualitative and interdisciplinary research methodologies (Myneni et al., 2023). There were
several high-level social listening platforms launched during the pandemic, including the WHO’s
Early Al-Supported Response with Social Listening (EARS) tool, the Vaccine Demand
Observatory (VDO) Dashboard (a partnership between the Public Good Projects, UNICEF, and
the Yale Institute for Global Health) and Project VCTR: Vaccination communication Tracking
and Response (a collaboration between the Public Good Projects and New York State Health
Foundation) (Sundelson et al., 2023).

Communicate Risk and Distil Science

Building upon the behavior change theories and emergency risk communication
principles discussed above, the prevalence of other techniques used to communicate critical
health information has grown. Though fact-checking websites like Snopes.com and
FactCheck.org have existed for years, efforts to debunk inaccurate information have ballooned
since 2020. Scientific institutions and federal agencies have published web pages dedicated
solely to fact-checking rumors and myths. Both the CDC and the WHO established pages urging
the public to better understand the facts about COVID-19 (Krause et al., 2020) and English-
language fact-checkers multiplied by 900% from January to March 2020 (Brennen et al., 2020).
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Though this strategy can be of some utility, there is significant evidence from prior research in
the social psychology and political science fields that its impact is limited and can, in some
cases, encourage motivated reasoning on behalf of the viewer (Krause et al., 2020). Even when a
piece of information is proven false, a phenomenon known as the continued influence effect
leads individuals’ reasoning to remain impacted by the misinformation (Lewandowsky et al.,
2012). Additionally, fact-checking may contradict the risk communication principle of
conveying uncertainty, further eroding trust between the audience and the fact-checking entity.
Many social media companies have taken on similar challenges to combat
misinformation. Historically, many of these platforms have forgone intervention to remain a
neutral channel for public discourse (Baker et al., 2020). However, mounting pressure has led
many social media giants to implement some form of content moderation mechanism to
minimize harm (Twitter, Facebook, Spotify, and YouTube each have their own approach to
addressing information deemed harmful) (Baker et al., 2020). These approaches differ
significantly across platforms, ranging from placing interstitials (or ‘flags’) on potentially
harmful content to removing it entirely, and each involves varying levels of automated versus
human determination. Concerns around free speech limitations have arisen due to perceived
censorship of information deemed false by fact-checkers at many social media companies. This
is especially prevalent in the United States, where the first amendment protects freedom of
speech, though not all speech is protected. If speech incites violence, illegal activity, or otherwise
threatens the liberty of others, the government may place regulations on it (The Conversation,
2023). If, and how, this applies to health misinformation is unclear; some medical professionals
have faced repercussions for spreading misinformation, but many have not (Sun & Weber,

2023).

Promote Resilience to Misinformation

The incomplete solutions offered by content moderation and debunking have led
communications researchers to investigate methods of developing resilience to misinformation in
populations. One popular approach called inoculation theory, developed by McGuire in the
1960s, builds resistance to persuasion.

Inoculation theory is a metaphor for the biological immunization process against a

disease. The theory proposes that, much like how an individual can be vaccinated against a

22



pathogen, they can be preventatively inoculated against misinformation through exposure to a
weaker or smaller dose of the contrary argument (McGuire, 1964). In this theory, the exercise of
misinformation inoculation contains two messages: threat and refutational preemption. The
threat component involves individuals being made aware that a persuasive attack is imminent,
such as by forewarning them that political actors may want to mislead audiences’ attitudes on
issues, while refutational preemption (also called pre-bunking) refers to providing individuals
with tools or arguments to refute future persuasion attempts (Traberg et al., 2022). Recent studies
have shown the effectiveness of interventions based on inoculation theory in enhancing
individuals’ ability to recognize misinformation, identifying one of the underlying mechanisms
as the promotion of persuasion knowledge (Ma et al., 2023). The University of Cambridge Social
Decision-Making Lab and a joint effort between the University of Cambridge, the U.K. Cabinet
Office, and the WHO have produced gamified versions of the inoculation theory, allowing
players to create their own false rumors and manipulate their spread (Sundelson et al., 2023). The
promise of this method is growing, backed by an increasing number of empirical studies showing
that it leads individuals to identify misinformation better and makes them less likely to share it or
be persuaded when they encounter it (Basol et al., 2021; Roozenbeek et al., 2020; van der Linden
et al., 2017). However, there are potential drawbacks to this method as well, as it would require
individuals to agree to be inoculated prior to being exposed to misinformation, and any
inoculation effect may wane over time, eventually making ‘booster’ doses necessary (Kozyreva
et al., 2020).

The infodemic management model developed by the WHO also outlines various social
inoculation strategies, such as improving health, media, and digital literacy to promote resilience
to misinformation. Several observational studies have shown a negative relationship between
digital health literacy and belief in COVID-19 misinformation and a positive relationship
between digital health literacy and adoption of COVID-19 prevention practices (An et al., 2021;
Patil et al., 2021; Pickles et al., 2021). However, a lack of research in this field leaves several
questions about the future of health and media literacy improvement as an approach to
combatting misinformation, including its efficacy on older adults and the long-term impacts of

school-based interventions (Nordheim et al., 2016; Watkins & Xie, 2014).
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Engage and Empower Communities

The fourth and final pillar of the WHO infodemic management model centers around
communities. The model identifies community engagement (“involving, consulting, informing,
as well as engaging and collaborating with diverse communities across different cultures and
geographies”) and community empowerment (“enabling communities to develop and implement
their own solutions”) as best practices in any communications designed to increase health
behavior uptake (World Health Organization, 2021). To work with communities, it is necessary
to build partnerships with key decision-makers and influential actors within communities, such
as employers, faith-based organizations, youth, healthcare providers, and local leadership (World
Health Organization, 2021). In one case study, the Rumour Tracker Programme in Puerto Rico
was implemented to address information gaps during the COVID-19 crisis. The program took a
community-based approach, using well-established networks to circulate verified information
tailored to the community’s specific needs (as determined through online and offline social
listening and social media monitoring techniques) (Mercy Corps, 2021). The health information
intervention reached over 118,000 people through training, educational materials, local
newspaper articles, and community sensitizations led by health promotors (Mercy Corps, 2021).
Community engagement approaches can be a valuable tool to promote accurate health
information and clarify points of confusion during an infodemic (Gonah, 2020; Korin et al.,
2022; Sommariva et al., 2021), but these efforts must not be short-lived or activated only during

a crisis as this can lead to further distrust (Ojikutu et al., 2021).

1.5 COVID-19 and Misinformation in Alaska

The epidemiology of COVID-19 in Alaska is similar to trends across the United States.
As of March 2023, there have been approximately 103 million cases of COVID-19 in the United
States, 294,000 of which occurred in residents of the state of Alaska; this case count calculates to
31% of the U.S. population and 40% of the state of Alaska population (New York Times, 2022;
State of Alaska Department of Health and Social Services, 2022). As shown in the visual below,
cases are disproportionate in Hispanic/Latino and American Indian/Alaska Native populations in
the U.S. and Alaska alone and in those who identify as two or more races or whose race is not

represented (see Table 1.4 below).
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Table 1.4: Race and Percent of COVID-19 cases compared to race as percent population.

United States Alaska
Race/Ethnicity % of % of % of % of

population Cases population Cases
Black or African American alone 12 12 3 3
Hispanic or Latino 19 25 7 10
Asian alone 5 4 6 5
Native Hawaiian and Pacific Islander alone 2 2 1 3
American Indian or Alaska Native alone 7 9 15 26
White alone 54 60 65 38
Two or more races and unrepresented races 3 4 10 24

alone

(Satcher Health Leadership Institute, 2023; The Atlantic Monthly Group, 2023)

This is consistent with a plethora of other data exemplifying the social vulnerability of
many minority groups in the United States, who are often more exposed to factors contributing to
a weakened ability to combat the impacts of the pandemic, such as poverty, lack of
transportation, ruralness, and inadequate housing. In addition to the incidence of COVID-19
cases being disproportionately higher in AI/AN populations, the severity of the disease is also
higher. The age-adjusted COVID-19-associated hospitalization rate among AI/AN individuals
was nearly three times the rate among White persons, while the mortality rate among AI/AN
persons was also approximately three times that among White persons (Ward et al., 2022). This
is due, in part, to the unique health challenges many Alaskans face, including access to care due
to its remote geography; 86% of the state’s communities are located off the road system (State of
Alaska Department of Commerce & United States Department of Homeland Security Federal
Emergency Management Agency, 2022). Many remote communities (here, approximately 20%
of the population lives and 42% of which is AI/AN) also lack water and adequate sanitation
facilities, limiting the effectiveness of non-pharmaceutical countermeasures (Eichelberger et al.,
2021). One recent study of over 18,000 adults hospitalized with COVID-19 showed that despite
having a lower comorbidity risk score, AI/AN patients were more likely than patients of all other
races to die in the hospital (Musshafen et al., 2022). This is especially vexing considering that,
according to data from the U.S. Centers for Disease Control and Prevention, AI/AN populations

have consistently had the best vaccination records since COVID-19 vaccination began in early

25



2021 (Silberner, 2021). The early successes of the COVID-19 vaccine rollout in Alaska likely
contributed significantly to the high COVID-19 vaccine rates in rural communities. Many of
these successes were due to a partnership between the state of Alaska and the tribal health
system. Tribal leadership decided to allocate vaccines through the state rather than the Indian
Health Service and tribes in Alaska were able to make their own decisions about vaccine
allocation, priority populations, and outreach strategies (Chhean et al., 2021).

Historically, infectious diseases have been a topic of particular significance in the Arctic
region and particularly within Indigenous populations during past and present pandemics. The
1918 Spanish Flu devastated Indigenous populations so much that some small village
communities were destroyed (Mamelund, 2011). Generational trauma from the pandemic still
exists today in American Indian and Alaska Native (AI/AN) populations, and some may be
experiencing renewed trauma due to the present pandemic (Connolly et al., 2021). In a 2009
study, Native Americans had higher levels of medical mistrust (often rooted in historical context
(Freimuth & Quinn, 2004)) and lower levels of satisfaction with their healthcare (Guadagnolo et
al., 2008). Misunderstanding within the health system (often communication-related), perceived
discrimination, and awareness of adverse health statistics may contribute to this mistrust,
exacerbating health disparities among minority populations (Bazargan & Bazargan-Hejazi,
2021).

Recent studies have illuminated the epidemiology of COVID-19 in Alaska, but we know
much less about the impact of COVID-19 misinformation across the state. The demographic
makeup of Alaska includes significant populations of those identified as most at risk during
infodemics. Alaska leans conservative (approximately 24% of the registered voters are
Republican compared to 13% Democrat, though most, 57%, are unaffiliated), and political
leaders elected by the state tend to be Republican (Alaska has voted Republican for the last six
presidential elections (Pew Research Center, 2022). According to U.S. Census data, as of 2010,
Alaska was the second most rural state, with approximately 34% of the population living in rural
areas (though this number has been steadily decreasing for decades) (Iowa State University,
2022).

With 63% of its population fully vaccinated, Alaska is in the middle of the pack at
number 29 of 50 states (Centers for Disease Control and Prevention, 2022c). As seen in Figure

1.10, within Alaska, geographic vaccination rates in Alaska range from 36% (Southeast
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Fairbanks) to more than double that in Aleutian East (86%) (State of Alaska Department of
Health and Social Services, 2022). Vaccination rate also varied along racial lines, from over 68%
of the AI/AN population being fully vaccinated to 34% of the Latino population (State of Alaska
Department of Health and Social Services, 2022).

Vaccine attitudes and trusted media sources amongst Alaskans were evaluated by the
Alaska Department of Health and Social Services (now Department of Health) in the summer of
2021 (Aho et al., 2022). The state conducted an online survey in two waves during June and July
of 2021. The first wave sampled both vaccinated and unvaccinated individuals, while the second
wave sampled primarily unvaccinated individuals (>75%) (Aho et al., 2022). In these surveys,
42% of unvaccinated individuals definitely did not plan to get vaccinated (classified as more
hesitant) and while 58% either planned to get vaccinated, were unsure, or probably did not plan

to (classified as less hesitant) (Aho et al., 2022).

Figure 1.10: COVID-19 vaccination rates in Alaska as of April 2023.

70%

30%

0%
(State of Alaska Department of Health and Social Services, 2022)
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Figure 1.11: Survey responses when asked about motivating factors to get vaccinated.
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(Aho et al., 2022)

More than 80% of respondents classified as more hesitant believed they were at low or no
risk for contracting severe COVID-19, compared to two-thirds of those classified as less hesitant
(Aho et al., 2022). When asked about why they chose to not vaccinate, the most cited reasons
were concerns about side effects and safety (18%), rushed development (17%), having already
had COVID or feeling at low risk from COVID (14%), personal choice of disliking shots (13%),
and other reasons (37%) (see Figure 1.11) (Aho et al., 2022). When researchers asked about
motivating reasons to get vaccinated amongst the less hesitant group, the majority (55%) felt that
getting the vaccine would help their family and friends (Aho et al., 2022).

The same surveys asked respondents classified as less hesitant to rate how much they
trusted various media sources to provide accurate information about vaccines. Healthcare
providers and friends and family were identified as the most trusted sources, while health
officials such as the state’s health department, the CDC and Dr. Fauci were not as trusted (see
Figure 1.12) (Aho et al., 2022). This audience-specific information may inform educational
interventions aimed at reaching the “movable middle”, especially considering that only (51%)
unvaccinated respondents who had seen a health care provider had had a conversation with them

about vaccination (Aho et al., 2022).
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Other recent survey studies centered around vaccine hesitancy in Alaska have focused on
trusted sources in a local context and potential pathways to behavior change (Cameron et al.,
2024), factors associated with receiving an initial dose of COVID-19 vaccine (Garcia et al.,
2023), vaccine safety beliefs (Parker & Meyer, 2024), factors associated with vaccine hesitancy
(Parker & Meyer, 2023), and COVID-19 vaccine perceptions in remote communities (Hahn et
al., 2022).

Figure 1.12: Survey responses when asked about trusted sources
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(Aho et al., 2022)

Other recent survey studies centered around vaccine hesitancy in Alaska have focused on
trusted sources in a local context and potential pathways to behavior change (Cameron et al.,
2024), factors associated with receiving an initial dose of COVID-19 vaccine (Garcia et al.,
2023), vaccine safety beliefs (Parker & Meyer, 2024), factors associated with vaccine hesitancy
(Parker & Meyer, 2023), and COVID-19 vaccine perceptions in remote communities (Hahn et
al., 2022).

1.6 Closing Introductory Statement

In an editorial for The Washington Post, the Chief Medical Officer of Alaska stated,
“Hesitancy and misinformation made many people underestimate the risk of COVID-19
infections and overestimate the risk from the coronavirus vaccines” (Zink, 2021). This statement

echoes the experience of many medical providers and public health practitioners from around the
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United States and the world. This research utilizes a mixed methods approach to gain insight into
the composition and impact of misinformation on the effectiveness of response efforts in Alaska

during the COVID-19 pandemic.
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Chapter 2: Classifying COVID-19 Misinformation on Alaska-Based Social Media Using
Latent Dirichlet Allocation

2.1 Abstract
Background: The COVID-19 pandemic created an influx of misinformation and false narratives,
triggering an infodemic of unparalleled magnitude. Natural language processing is a machine
learning method used to gain insight into infodemics, particularly with large datasets. Objectives:
In this study, we conducted a secondary analysis of existing data to assess the feasibility of
utilizing a social media listening tool and natural language processing methods to produce a
model of misinformation topics. We sought to identify and understand the prevalent themes in
COVID-19 misinformation. Design: Primary data were collected from select Facebook pages
from 2021 to 2022. We utilized LDA (latent Dirichlet allocation), a natural language processing
technique, for topic modeling. Methods: Data were preprocessed into a suitable format for input
into an LDA model. LDA then identified latent topics by using qualitative interpretation of the
most salient words. A temporal trend analysis identified patterns in misinformation over the
monitoring period. Results: A total of 4,265 unique posts were collected from 30 websites, out of

29 ¢¢

which four main topics emerged: “treatment,” “vaccine safety,” “false reporting,” and “COVID
spread.” Each had a specific peak period coinciding with key events in the pandemic, illustrating
the potential benefit of using LDA for identification and classification of COVID-19
misinformation. This approach provides a foundation for addressing misinformation as well as
informing evidence-based strategies to combat the misinformation and enhance public health

communication.

2.2 Introduction
The emergence of the COVID-19 global health crisis coincided with an unprecedented
surge in misinformation and false narratives surrounding the disease. This parallel information
pandemic (or infodemic) has had demonstrable effects on the course of the pandemic, including
altering transmission patterns (Kim et al., 2019). Though false information has played a role in
past outbreaks (Oyeyemi et al., 2014; Pluviano et al., 2022), the amplified role of social media as
an information source today enables misinformation to circulate farther and faster than it has

previously. According to the Pew Research Center, over half of Americans get news on social
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media at least sometimes, with Facebook standing out as a dominant source (Mitchell & Shearer,
2021).

The growing threat of misinformation has compelled public health officials to seek out
strategies to combat the confusion, fear, and potentially harmful effects of misinformation among
the public. To gain a better understanding of digital misinformation, scholars and public health
entities adopted the use of social listening, defined as “tracking and analyzing public
conversations on social media, blogs and news commentaries...” (World Health Organization,
2021). Typically conducted with the help of artificial intelligence tools (often natural language
processing), social listening aims to identify the presence and dissemination of information,
analyze how it is being discussed, and recognize any existing gaps in public knowledge. Gaining
an understanding of the information landscape in a population enables public health
communicators to customize messages for a particular audience based on their information
needs. Further, understanding what misinformation is prevalent in a community can guide efforts
to debunk misinformation.

Alaska faces challenges distinct from any other state in the U.S. due to its unique
geography and population. According to a recent study, the Arctic is warming nearly four times
faster than the rest of the globe (Rantanen et al., 2022), which intensifies the frequency and
prevalence of infectious diseases in Arctic communities (Parkinson et al., 2014). Additionally,
according to the 2020 U.S. Census, 21.9% of Alaska’s population identified as American
Indian/Alaska Native (AI/AN) (alone or in combination) (America Counts Staff, 2021). AI/AN
populations face increased vulnerability to infectious diseases for multiple reasons, including
disparities in healthcare access (Herz, 2020; Hollander, 2020), socioeconomic status (LaVeist,
2005) and sanitation (Eichelberger et al., 2021). The heightened susceptibility of Alaska to
emerging health threats like COVID-19 highlights the increased importance of addressing
infodemics in this region.

Multiple social listening tools have been developed in response to the COVID-19
infodemic. In January 2021, the WHO launched the pilot platform, Early AI-Supported Response
with Social Listening (EARS), which provided a real-time synopsis of the digital COVID-19
information landscape across 30 countries and nine languages (WHO, 2021). Although these
types of social listening platforms have been acknowledged as one of the key pillars of

infodemic management (Eysenbach, 2002), the integration of this information into public health
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practice is not well documented (Purnat et al., 2021). There is little empirical evidence regarding
the practical application of social listening tools due in part to the lack of collaboration between
researchers and public health practitioners.

Though manual coding methods (such as thematic analysis) can be used to conduct
similar research, it is often time and cost intensive in addition to being difficult to replicate.
Integrating natural language processing into qualitative research can significantly reduce these
costs and enable future data analysis (Abram et al., 2020). Topic modeling is a type of natural
language processing that uses an algorithm to analyze a corpus of textual data to generate latent
themes within the data (Hannigan et al., 2019). Topic modeling techniques have been applied as
a text mining technique extensively to study various aspects of COVID-19 for several reasons
(Calli1 & Call1, 2023; Cheng et al., 2022; Danesh et al., 2021; Xie et al., 2021; Xue et al., 2020);
they are unsupervised machine learning methods that does not require researchers to develop and
apply codebooks on data (which may decrease researcher bias over time) (Abram et al., 2020)
and they can identify hidden themes that humans may not be able to interpret (DiMaggio, 2015)

In this study, we conducted a secondary analysis of Facebook comments pertaining to
COVID-19 misinformation and analyzed them using latent Dirichlet allocation (LDA) to extract
prevailing themes. We aim to establish the feasibility of a social listening tool in Alaska with the
goal of providing a foundation for future collaboration with public health entities in Alaska to

improve future infodemic response.

2.3 Methods

2.3.1 Data Collection

This research was a secondary analysis of data collected by an organized team of
university and community members to combat COVID-19 misinformation across the state. The
multidisciplinary team of students, strategic communications experts and public health
professionals monitored select Facebook pages for COVID-19 misinformation (Meyer et al.,
2022). Facebook was selected based on the results of a university survey indicating over 70% of
Alaskans access Facebook daily (Weiss, 2022). These pre-selected pages were monitored with
comments identified as misinformation selected by trained student and professional staff. The
flagged post was sent to response team members via a communication platform application

(Remind) (see Figure 2.1 below). Volunteer response team members were directed to the post via
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direct link, where they were designed to counter the statement with evidence-based

science utilizing the Triple E approach, a term developed by (Meyer et al, 2022) to describe how
APHIRT volunteer responders where trained to engage when prebunking or debunking COVID-
19 misinformation. The original comments and responses were entered into an application built

by computer science students to allow for analysis.

Figure 2.1: Methodological framework of the study.
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(Maxwell, 2024)

The project’s preexisting database used for text mining resulted in a corpus (of
documents) from 30 publicly available pages in the state from January 1, 2021, to July 3, 2022.
Of the pages monitored, 37% (n=11) were news pages, 23% (n=7) were school-based pages,
17% (n=5) were government pages, 13% (n=4) were radio pages, and 10% (n=3) were pages of
healthcare centers. The geographic spread of pages included five regions across the state
(Northern (n=3), Interior (n=5), Southwestern (n=2), Southeastern (n=4), Southcentral (n=13),

and three state-wide sites. Table 2.1 provides a description of each page.
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Table 2.1: Text mining sources by Facebook page, sector, geographic region, and number of followers.

Page Name Sector Region # of Followers
Alaska’s News Source News State-wide 312,907
Anchorage Daily News News Southcentral 274,046
Alaska Department of Health Government State-wide 61,000
Fairbanks Daily News Miner News Interior 56,631
Alaska Public Media News State-wide 38,426
Anchorage School District School district Southcentral 36,000
KTVF Fairbanks Radio Interior 28,077
KSRM 90 AM Radio Southcentral 27,019
Mat-Su Valley Frontiersman News Southcentral 24,625
Juneau Empire News Southeast 24,210
Mat-Su Borough Government Southcentral 24,000
KYUK Radio Southwestern 21,803
Bethel School District School district Southwestern 16754
Mat-Su School District School district Southcentral 14,907
Fairbanks Memorial Hospital Healthcare Interior 12,622
Fairbanks North Star Borough School district Interior

School District 11,000
City and Borough of Juneau Government Southeast 11,000
Daily Sitka Sentinel News Southeast 9,562
Anchorage Health Department Government Southcentral 9,500
Kenai Peninsula Clarion News Southcentral 9,300
Homer News News Southcentral 8,964
The Arctic Sounder News North 8,621
KRBD FM Rainbird Community Radio Radio Southeast 8,008
Kenai Peninsula Borough School School district Southcentral

District 8,000
The Nome Nugget News North 7,908
Kenai Peninsula Borough Government Southcentral 6,100
Fairbanks Borough Government Interior 5,900
City of Utqiagvik Government North 3,807
Central Peninsula Hospital Healthcare Southcentral 3,090
Mat-Su Regional Medical Center Healthcare Southcentral 2,422
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The institutional review board approved this study (#2025127) as exempt due to its

minimal risk nature and the collection of minimal potentially identifiable data.

2.3.2 Data Preprocessing

Data preprocessing was completed by L.R.S. using Python version 3.12.0 (Python
Software Foundation, 2023) and included the removal of metadata, resulting in three attributes
common across all documents: “comment”, “processed comment” and “date”. Further
preprocessing included link removal, lower casing, removing noise (punctuation, emojis,
symbols,), removal of any other non-English characters, and removing stop words. Stop words
are extremely common words that add little or no value to the document such as “the”, “or”, and
“this”. Preprocessing is done to convert unstructured text to structured text and keep only the

meaningful text in the corpus. For example, the raw, unstructured document, “Keep the panic

and fear going &) @ was altered to “keep panic fear go” through preprocessing.
Finally, the corpus was transformed to a document term matrix. All preprocessing steps were
completed using gensim (topic modeling and preprocessing), NLTK (natural language

processing), and SciPy (document comparison) and pandas libraries in Python.

2.3.3 Data Analysis

Due to the sample size and brevity of the comments, LDA was selected as the method of
analysis. LDA analysis creates a probabilistic generative model, where each document (or in this
case, Facebook comment) is represented as a mixture of topics and each topic is a probability
distribution over words (Canini et al., 2009). The objective of LDA analysis is to discover topics,
or themes, that provide insight into the data corpus (see Figure 2.2).

Topics were rendered based on coherence score (measuring the similarity of each topic in the
model) a dendrogram mapping the coherence scores, which we used to determine whether any
topics should be combined. We contextualized findings from the unsupervised learning process
by interpreting meaning identifying patterns within the topics, and inductively developing
themes for the latent topics generated by machine algorithms. Finally, we created data

visualizations of the results, including an intertopic distance map and trend analysis.
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Figure 2.2: Latent Dirichlet allocation model.
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2.4 Results

A total of 4,265 individual Facebook comments resulted in a corpus of 7,621 unique
terms. The most common word throughout the corpus was “people” (appearing 2,858 times
across 983 documents), followed by “COVID” (appearing 2,658 times across 811 documents),
and “dont” (appearing 1,936 times across 570 documents). Multiple LDA models were executed
and assessed based on topic size and coherence measures. Figure 2.3 shows the coherence
scores of models trained under different numbers of topics and figure 2.4 shows the topics in
relation to one another using Hellinger distance. The highest coherence score was k=7,
however, manual inspection of the top 20 words in each topic revealed similarities between

several topics.

Figure 2.3: Coherence scores of 1-20 topics.
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Visualization using a dendrogram of the top 7 topics revealed similar findings (see Figure
2.4); based on Hellinger distance between topics, we combined topics one and two.

Figure 2.4: Dendrogram using Hellinger distance to show similarities between top seven topics.
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Figure 2.5: Intertopic-distance map of six-topic model.
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Finally, we calculated the topic distance and produced a two-dimensional representation
of the topics called an intertopic distance map (see Figure 2.5). In this topic mapping tool, the
circles represent each of the topics and the distance represents the distance between topics based
on the words in common between the topics. This method revealed a close similarity between
topics one, two, and three (visualized by overlapping circles), therefore we combined these
topics as well, resulting in four final topics.

Topic modeling was completed by manually labeling the topics based on qualitative
interpretation of the most salient words in each topic (see Figure 2.6). The four final topics were

“COVID_Spread”, “Vaccine Safety”, “Treatment”, and “Conspiracy”.

Figure 2.6: The top 20 most salient words across the final four topics.

Conspiracy Treatment Vaccine_Safety COVID_Spread
pandemic ivermectin death people
fake people covid covid
people drug effect virus
number work person flu
news use report wear
vaccinate hospital term work
covid treatment people spread
propaganda virus experimental test
false take vaccinate vaccinate
time doctor use dont
real know cause fear
vaccination experimental know die
money dont test take
state think side stop

big anyone long know
report research die live

die save cell immune
doctor approve virus need
positive kill shoot protect
death effect trial doesnt
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Figure 2.7 provides a visualization of this in a word cloud format. The word cloud was
created using the TF-IDF technique, which assigns a weight to each term based on the
importance of the term both within and across documents, rather than by frequency alone

(Bafna & Saini, 2020).

Figure 2.7: TF-IDF word clouds of the most salient words in the four final topics.
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The most common topic throughout the corpus was “COVID_spread” (38%, n=1641),
followed by “Vaccine Safety” (22%, n=944), “Treatment” (21%, n=878), and “Conspiracy”
(19%, n=802). Figure 2.8 illustrates a temporal trend analysis (Rae, 2014) of topics over the 19
months pages were monitored. Gaps in posts represent periods where data was unavailable or
pages were not monitored, not a lack of posts. The week with the highest number of identified
misinformation posts was February 22, 2021 (n=219), followed by March 15, 2021 (n=162),
January 18, 2021 (n=160), and March 8, 2021 (n=149). Posts classified as “Conspiracy” and
“COVID_Spread” peaked the week of February 22, 2021 (“Conspiracy” [n=45],
“COVID_Spread” [n=89]). Posts classified as “Treatment” peaked the week of January 18,
2021 (n=37), and “Vaccine Safety peaked the week of March 15, 2021 (n=60). In addition to
the week of February 22, 2022, posts labeled as “Conspiracy” peaked during the weeks of
January18, 2021, and February 1, 2021; posts labeled “Treatment” peaked during the weeks of
February 22, 2021, and October 11, 2021, and posts labeled “Vaccine Safety” peaked during
the weeks of February 22, 2021 and March 8, 2021. In addition to February 22, 2021, posts
labeled “COVID_Spread” peaked during the weeks of January 18, 2021, and September 27,
2021.

54



Figure 2.8: Topic distribution by week.
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2.5 Discussion

This study examines Facebook users’ comments identified as COVID-19 misinformation
during a 19-month period from 2021 to 2022. Using the LDA topic modelling technique, we
developed four topics from the corpus: treatment, vaccine safety, conspiracy, and COVID
spread.

“Conspiracy” represented 802 documents (19% of the corpus). This topic was a
combination of words relating to various conspiracy theories surrounding COVID-19, including

99 e 9 ¢¢ 99 ¢

“fake”, “propaganda”, “money”, “state”, “agenda”, and “control”. Posts labeled under this topic

included “Yeah no way they would lie to the public when they making Billions of dollars” and
“Gotta keep the masses in a constant state of fear.()”. “Treatment” represented 878 documents

(21% of the corpus). This topic was comprised of words relating to COVID-19 treatments,
including “ivermectin”, “vitamin”, “pharma” “hospital”, and “fda”. Posts labeled under this topic
include: “There have to treatments all along, you kept them from the public Media.. Now more
poison from CDC you pushing?!” and “And guess what-BOTH pills ingredients-mirror
IVERMECTIN....LOL LGB”. “Vaccine_Safety” represented 944 documents (22% of the
corpus). This topic contained terms related to concerns and opinions about the safety and

EE 1Y

efficacy of COVID-19 vaccines such as “death”, “experimental”, “vaccinate”, “guinea”, and
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“clot”. Posts labeled under this topic include: “I had inflammation of my lymph nodes so did my
nephew could be be of the stupid shot!” and “How many injections are you all going for? This is
unreal. This is not a vaccine. When we had vaccines as children we had 1. Not one every other
month”. “COVID_Spread” represented 1641 documents (38% of the corpus), and included terms
such as: “wear”, “spread”, “protect”, “flu”, and “immunity”. Examples of posts labeled under
this topic include, “Let them be normal adults & choose to wear the ineffective masks or not.
The mask party is over. People are taking their freedom back. Why can’t people get used to
getting back to normal?” and “Wait a minute I thought we were wearing mask to protect others
not ourselves so which is it do we wear a mask to protect others or is it protecting us?”

All topics peaked in late winter 2021, at the same time as several significant points during
the pandemic. For example, this coincided with the emergence of the “Beta” variant (discovered
first in South Africa), the 100 millionth COVID-19 case worldwide and the implementation of a
face mask requirement in all public transportation in the United States (Centers for Disease
Control and Prevention, 2023). Additionally, this was shortly following the emergency use
authorization of the first two mRNA vaccines for COVID-19 on December 11
(Pfizer/BioNTech) and December 18 (Moderna) (Gladstone Institutes, 2022). Finally, a peak in
January 2022 occurred at the same time the FDA limited the use of one type of COVID-19
antibody treatment during this month (Shibu & Khandekar, 2022) and the Biden administration
announced they would double the amount of Paxlovid (a pill shown to decrease hospitalization
from COVID-19) that would be available in the United States (Weiland & Robbins, 2022). In
addition, COVID-19 cases were surging in the United States this month; with both Delta and
Omicron circulating, the number of hospitalized patients increased by 50% in just one week
(Centers for Disease Control and Prevention, 2023).

There are multiple limitations to this study. The data collection process included posts
from only 30 public Alaska-based Facebook pages and do not represent offline discourse, posts
outside of those pages, or in private user discussions. In addition, there were gaps in data
collection, resulting in no available data for some weeks during the 19 months reported. Another
limitation of the study is the inherent subjective nature of the text mining method and topic
labelling of the LDA analysis. During data collection, users were trained to identify posts
containing misinformation, however, this project was still subject to the interpretation of the

individual. Additionally, once topics were developed by the machine learning algorithm, they
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were assigned labels through a qualitative process completed by an individual. Finally, any posts
containing non-English languages were removed from the corpus.

This retrospective study demonstrates the viability of harnessing natural language
processing as an alternative to traditional qualitative methods, particularly when analyzing large
data sets. Topic modeling can be leveraged to reveal underlying themes within the data with
minimal manpower and time availability; further, this method can be used in near real-time,
facilitating timely response by public health officials and other personnel addressing the
infodemic. The results of this study illustrate the potential of this approach to identify and
classify misinformation and facilitate the development of evidence-based interventions to
counteract the spread of false information. Topic modeling could be implemented in public
health programs and utilized to conduct real-time monitoring of public discourse around relevant
health topics, leading to a more insightful and timely response. Similar methods may also
provide insights into other issues relevant to health agencies including audience characterization
or campaign performance (Golos et al., 2023). Future studies may strengthen the evidence base
for using natural language processing in infodemic response by applying alternative models,
such as sentiment analysis, social network analysis, or cluster analysis. Additionally, further
analysis of sub-populations (including those most at risk) is needed to identify trends in

misinformation within those cohorts.
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Chapter 3: Combatting Vaccine Hesitancy with a Brief Educational Intervention: A
Randomized Controlled Trial

3.1 Abstract
Background: Vaccine hesitancy is one of the principal causes behind decreasing vaccination
rates in the United States. Many factors can contribute to vaccine hesitancy, including
misinformation, lack of trust in institutions, cultural or religious beliefs, personal experience, and
social pressures. Public health practitioners have proposed educational campaigns, healthcare
provider communications training, motivational interviewing, and other interventions to increase
vaccine uptake, with varying degrees of success. Objectives: We aim to conduct a secondary
analysis to evaluate the effectiveness of a brief educational intervention in lowering vaccine
hesitancy. Design: This manuscript represents a secondary analysis of existing data, which was
collected through an online, randomized controlled trial survey with 1,015 respondents.
Methods: The survey included a control and three experimental arms; the baseline survey was
administered as the control. The experimental arms included the baseline survey plus one of
three brief educational interventions. Results: Descriptive analysis revealed that each of the
interventions resulted in lower VHCS (vaccine hesitancy composite score) amongst respondents
with lower educational attainment (“technical training certificate” and “high school diploma or
GED”). Conversely, the VHCS of liberal respondents with higher educational attainment
increased with all three interventions. Further analysis showed the annotated list of vaccine years
of approval resulted in lower vaccine hesitancy scores when accounting for political orientation
and educational level. This study illustrates that interventions may be effective in specific
subpopulations and have the opposite effect in others and supports highly targeted audience

segmentation method as a best practice when developing protocols to lower vaccine hesitancy.

3.2 Introduction
Vaccines are widely considered one of the most remarkable achievements in public
health, with their profound impact demonstrated throughout history. Since the 20th century,
vaccines have led to a 90% reduction in the prevalence of ten devastating diseases, including
paralytic Poliomyelitis, Diphtheria, and Smallpox (Orenstein & Ahmed, 2017). Just one year of
routine childhood immunizations in the United States have prevented an estimated 40,000 deaths

and 20 million cases of illness while generating an economic benefit of nearly $69 billion (Zhou
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et al., 2014). Nevertheless, 2022 witnessed the most significant decline in global childhood
immunization rates in thirty years, according to the WHO and UNICEF (United Nations
International Children’s Emergency Fund/World Health Organization, 2022). The percentage of
children receiving the three-dose diphtheria, tetanus, and pertussis (DTP3) vaccine dropped by
five percentage points from 2019 to 81% (United Nations International Children’s Emergency
Fund/World Health Organization, 2022). A similar trend is observable with adolescent vaccines
for preventing invasive meningococcal disease; approximately half were delayed during the
COVID-19 pandemic (Tan et al., 2023). Annual influenza immunization rates in the United
States have mirrored the patterns seen in COVID-19 vaccination; states with below-average
COVID-19 vaccination rates experienced a 4.5 percentage point drop in flu vaccination rates,
whereas states with above-average COVID-19 vaccination rates saw an increase of 3.8
percentage points (Leuchter et al., 2022).

Childhood vaccination rates in Alaska have consistently lagged behind the national
average. In 2018, coverage of the 7-vaccine series (DTaP/DT/Td, HIB, Polio, Hep-B, MMR,
Varicella, and PCV) was 64% in Alaska compared to nearly 70% in the United States (Aho &
Pletnikoft, 2023). This gap widened during the COVID-19 pandemic; Alaska's rates dropped to
51% by December 2021, while the United States average remained steady at 70% (Aho &
Pletnikoff, 2023). While Alaska’s geography compounds some barriers to vaccination (financial
constraints, transportation challenges, and limited access to healthcare), vaccine hesitancy
remains one of the principal drivers behind declining immunization rates in Alaska (Aho &
Pletnikoft, 2023).

The World Health Organization (WHO) defines vaccine hesitancy as "a motivational
state of being conflicted about, or opposed to, getting vaccinated; this includes intentions and
willingness" (World Health Organization, 2022). The reasons behind vaccine hesitancy are
multifaceted and diverse, ranging from safety concerns to a lack of knowledge, religious or
cultural beliefs, or vaccine-specific factors (Azarpanah et al., 2021). Recent studies indicate that
hesitancy towards the COVID-19 vaccine is strongly associated with a perceived lower risk of
the virus, the belief that COVID-19 is not a severe illness, and concerns regarding the vaccine's
development timeline (Lazarus et al., 2022; Okubo et al., 2021; Soares et al., 2021). Individuals
often have multiple, shifting reasons for vaccine refusal; further, being hesitant toward one

vaccine does not necessarily imply hesitancy toward all vaccines (Peters, 2022). In any case, the
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proliferation of misinformation, particularly online, has exacerbated vaccine hesitancy, which
became distinctly evident during the COVID-19 pandemic (Pierri et al., 2022).

Researchers have conducted numerous studies investigating vaccine hesitancy in high-
income countries like the United States (Kweon et al., 2022; Okubo et al., 2021; Romate et al.,
2022; Soares et al., 2021), but Alaska's unique geographic and socioeconomic factors set it apart
from the rest of the country. Many Alaskan communities are not accessible by road and have
limited access to medical facilities and adequate sanitation infrastructure (Eichelberger et al.,
2021). In 2021, the state’s chief medical officer emphasized the problem of misinformation in
the state and its impact on individuals’ ability to make informed decisions about their health
(Zink, 2021).

This study's secondary analysis of a randomized controlled trial, consisting of a four-arm
survey, assessed the effectiveness of brief written interventions in measuring vaccine hesitancy
amongst Alaska adults. A secondary outcome identified the demographic characteristics
associated with higher vaccine hesitancy scores. The data presented here are part of a dual-phase
project designed to investigate vaccine hesitancy in Alaska. This manuscript represents a

secondary analysis of existing data.

3.3 Methods

3.3.1 Research Context

This is a follow-up study to a 2022 study in which a random sample of Alaskan adults
were surveyed to determine factors associated with vaccine hesitancy and acceptance in Alaska
(Parker & Meyer, 2023). In addition to demographics, the survey included six questions
regarding vaccine hesitancy, the responses to which produced a pilot metric for vaccine
hesitancy. Statistically higher vaccine hesitancy scores existed among individuals who identify
themselves as politically conservative, those below the age of forty-nine, individuals with a high
school education as their highest level of attainment, and those who identify as religious (Parker
& Meyer, 2023). The broad spectrum of scores suggested that vaccine hesitancy is a multifaceted
phenomenon that requires customized public health interventions to effectively tackle the
underlying factors.

When asked about specific vaccines, the COVID-19 vaccine garnered the lowest level of

trust, while some individuals who expressed concerns about the safety of the COVID-19 vaccine
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considered other vaccines as safe, indicating that individuals harboring doubts about the safety of
the COVID-19 vaccine may maintain confidence in the safety of other vaccines. Additionally,
this study uncovered nuances in vaccine hesitancy within subgroups (i.e., outliers amongst
liberals and moderates), suggesting that these populations may need alternative interventions.
Considering these findings, an opportunity arose for an assessment evaluating the effectiveness

of a brief educational intervention in altering perceptions of vaccine safety amongst Alaskans.

3.3.2 Study population

R.D.P and J.A.M. designed the survey and conducted the data collection for this
manuscript. The study population consisted of survey participants (n= 1015) aged at least 18
years, who lived in Alaska at the time of the study, and who read English. To achieve
predetermined conditions (power of 0.90, effect size of 0.10, and significance level of .05) for
multiple linear regression with six predictors, a priori power analysis determined a sample size of
164 individuals was sufficient per arm of the study for a total of 656. However, to achieve a
representative sample across the highly diverse population in Alaska, a sample size of 1,000 was

selected.

3.3.3. Data collection

R.D.P and J.A.M developed a 20-point online survey with randomization to one of four
groups using Qualtrics software (version XM), licensed by the institution. These groups were:
survey only (Control), survey with a preamble about the history of vaccines (Arm 1), survey with
an annotated list of U.S. vaccine approval year (Arm 2); and survey with both preamble and
annotated list (Arm 4) (see Figure 3.1). A private company distributed the survey to an
established pool of individuals who have agreed to consider research participation.

In the control arm, participants received the 20-question survey, which included ten
demographic questions, three questions determining influenza and COVID-19 vaccine status,
one question about vaccine mandate exemptions in school, and six vaccine hesitancy composite
score (VHCS) input questions. In the second arm, participants received an identical survey, but
the year of U.S. approval was listed adjacent to each possible answer for question 19 (“Which
vaccines do you believe are safe? (check all that apply”); arm three was identical to arm one, but

a 338-word preamble providing a summary of the history of vaccine development was placed
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directly after the demographic questions and before all other questions; arm four was identical to
arm one but with the both the annotated list and the preamble. Demographic questions included:
year of birth, sex (male, female, other, decline to answer), race (Alaska Native/American Indian,
Black, White, Asian or Pacific Islander, other, decline to answer), highest level of education (less
than high school, high school diploma or GED, technical training certificate, some college,
associate’s degree, bachelor degree, graduate degree, decline to answer), political orientation
(conservative, liberal, moderate, not political, other, decline to answer), type of health insurance
or coverage (select all: Indian Health Service, Medicaid, Medicare, private health insurance,
veteran's benefits, uninsured, decline), employment status (select all: full time, part-time, not
employed in the paid workforce, retired, disabled, decline to answer), do you consider yourself a
religious person (yes, no, decline to answer), home zip code, and were you born in Alaska (yes,

no, decline to answer).

Figure 3.1: Participant enrollment workflow.
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(Maxwell, 2024)

The University of Alaska Anchorage institutional review board approved this study

(Protocol #2025127-4) as exempt due to its minimal risk nature and the collection of minimal

potentially identifiable data. Following data collection, the latitude, longitude, zip code, and IP

address information were removed to ensure privacy and anonymity.

3.3.4 Data analysis

We imported the raw data into Excel (version 2307) for preliminary cleaning, including

removing zip codes and ID columns and transforming data into tidy format. Once complete, we
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imported the data into R (version 4.2.1) and performed additional cleaning. Several demographic
variables were collapsed and recoded for descriptive analysis due to small numbers, including
educational attainment ("Less than high school" and "Decline to answer" collapsed to "NA" [n
16 combined]), political orientation (“Decline to answer” collapsed to “NA” [n 28], “Other” and
“Not political” collapsed to “Other/not political”), race (“Asian or Pacific Islander” [n 28] and
“Black” [n 11] combined to “Other” and “Decline to answer” [n 24] collapsed to “NA” and
influenza vaccine uptake, COVID-19 vaccine uptake and COVID-19 booster uptake (“Decline to
answer” collapsed to “NA”. Likert variables “I trust medical providers when recommending
vaccines for adults [18 years or older]” and “I trust medical providers recommending vaccines
for children [under 18 years of age]” were coded 1 “Strongly agree” to 5 ”’Strongly disagree” and
Likert variables “All vaccines contain dangerous chemicals” and “It is better to develop
immunity by getting sick, rather than getting a vaccine” were reverse coded. The variable "To
protect all children, teachers, and staff, state-mandated vaccines should be required in public
schools" was recoded: "Yes" to "2, “No” to “1", and "Decline to answer" to "NA". For variable
“Which vaccines do you believe are safe? (check all that apply)” the checked vaccines were
summed into a score from 0-10 and subsequently reverse coded. Finally, the variable "I have
been vaccinated against COVID” was recoded: “Yes” to “1”, “No” to “0”, and “Decline to
answer” to “NA”. Overall missingness in the dataset was .18%; due to negligible missingness,
“NA” responses were imputed and recoded to “Decline to answer”.

We used the responses to the following six questions to create a vaccine hesitancy
composite score with a scale of 4-32 (most vaccine-hesitant): "All vaccines contain dangerous
chemicals", "I trust medical providers when they recommend vaccines for all adults (persons
aged over 18)", "I trust medical providers when they recommend vaccines for children (persons
aged under 18)", "To protect all children, teachers, and staff, state-mandated vaccines should be
required in public schools", "It is better to develop immunity by getting sick, rather than getting a
vaccine”, and “Which of the following vaccines are safe (check all that apply)”. The questions
included in the survey were chosen based on a prior literature review on vaccine hesitancy and
the results of the first iteration of the VHCS by Parker & Meyer (Parker & Meyer, 2023).
Refinement of the VHCS continues and it has not been externally validated as a measure for
vaccine hesitancy. Based on the previous study's findings, we aimed to measure vaccine

hesitancy without the influence of COVID-19 vaccination status and, therefore, did not include it
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in the VHCS. Additionally, internal consistency of the VHCS (measured by Cronbach’s alpha
(Cronbach, 1951) decreased when COVID-19 vaccination status was included in the score (a
0.752 with COVID-19 vaccination status, o 0.807 without COVID-19 vaccination status). We
also included a final question at the end of the survey to assess respondents’ opinions on
exemptions for school vaccine mandates but decided not to include the question as input for the
VHCS so we could measure its association with vaccine hesitancy independently. Given the
known positive relationship between school mandates and childhood vaccination uptake in the
United States (Lee & Robinson, 2016), we wanted to identify which exemptions were favored.
The distribution of the VHCS did not meet the normality condition for parametric testing
(per Shapiro-Wilk test (Shapiro & Wilk, 1965)), so we conducted bivariate analyses between
covariates (demographics and the survey trial arm variable) and the VHCS using Kruskal-Wallis
tests (Kruskal & Wallis, 1952) followed by post hoc Dunn’s tests (Dinno, 2015) for variables
with statistically significant results. Covariates included age, sex, annual household income,
education attainment, race, religious status, political orientation, whether respondents were born
in Alaska, and whether respondents had received at least one COVID-19 vaccine. We evaluated
the extreme values in VHCS score differences and verified that they were valid; therefore, we
included them in the analysis. We then used a modified backward stepwise approach on a
multivariate linear regression to control for potential confounding variables and to identify the
most significant predictors of the outcome variable (VHCS). The model was adjusted using the
weighted least squares method, which was employed to address heteroscedasticity in the model
per the Breusch-Pagan test (Breusch & Pagan, 1979) and residual plots. We chose the best fitting
model based on Akaike Information Criteria (AIC) and the adjusted 2. We then conducted
ANOVA tests (Girden, 1992) and Tukey’s post hoc tests (Keselman & Rogan, 1977) to further

investigate our findings.

3.4 Results
The survey had a 67.7% response rate with 1,015 of 1,500 links sent). We removed seven
responses due to non-consent and/or not living in Alaska and three responses due to age under 18

(the age variable was calculated using the date of birth), leaving a total of 1,005 responses.
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3.4.1 Description of the sample population

Approximately half of the respondents (50.5%, n = 508) were men, ages 18 to 87
(median = 49.0, mean = 49.4). The largest racial groups represented in the sample included
12.3% (n = 124) Alaska Native or American Indian, 77.4% (n = 776) white, and 4.1% (n =41)
"other". "Some college" was the most frequent education level (29.1% (n = 292). “Moderate”
was the most prominent political orientation represented (32.2%, n = 324), followed by
conservative (29.3%, n = 294), and liberal (20.4%, n = 205). Table 3.1 displays the complete
demographics of the sample by study arm.

The VHCS was calculated for 97.91% of the dataset (n = 984), with scores ranging from
4 to 32 (mean = 13.2, median = 11.0). Table 3.1 shows the VHCS by study arm, with means
varying slightly across arms: (control (X = 13.2), survey with an annotated list of vaccine
approval year (X = 13.4), survey with preamble (x = 13.6), and survey with preamble and
annotated list (X = 12.6), however these differences were not statistically significant (p = 0.39)

(see Figure 3.2).

Figure 3.2: VHCS by study arm showing mean, standard deviation and extremes.
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(Maxwell, 2024)
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Table 3.1: Demographic overview of participants (n = 1,005).

Survey Survey & Survey
Survey
& annotated annotated only Overall
Demographics and preamble
list list/preamble (N=240) (control) (N=1005)
(N=255) (N=250) (N=260)
Age
Mean 49.1 49.0 49.4
49.8 (17.0) 49.6 (15.7)
(SD) (16.7) (15.9) (16.3)
Median 47.0 49.0 [20.0, 51.0 [18.0, 50.0 49.0
[Min, Max] [20.0, 83.0] 87.0] 81.0] [19.0, 87.0] [18.0, 87.0]
Sex
123 121 135 129 508
Male
(48.2%) (48.4%) (56.3%) (49.6%) (50.5%)
131 128 103 130 492
Female
(51.4%) (51.2%) (42.9%) (50.0%) (49.0%)
Declined 1 (0.4%) 1 (0.4%) 2 (0.8%) : 5 (0.5%)
ecline . . . .
0 0 0 (0'4%) 0
Race
206 198 182 192 778
White
(80.8%) (79.2%) (75.8%) (73.8%) (77.4%)
23 46 124
AN/AI 25 (10.0%) 30 (12.5%)
(9.0%) (17.7%) (12.3%)
6 28
API 6 (2.4%) 8 (3.2%) 8 (3.3%)
(2.3%) (2.8%)
3 11
Black 4 (1.6%) 1 (0.4%) 3 (1.3%)
(1.2%) (1.1%)
5 23
Declined 6 (2.4%) 6 (2.4%) 6 (2.5%)
(1.9%) (2.3%)
10 8 41
Other 12 (4.8%) 11 (4.6%)
(3.9%) (3.1%) (4.1%)



Table 3.1 (cont.)

Educational
attainment
Less than 2 14
) 4 (1.6%) 2 (0.8%) 6 (2.5%)
high school (0.8%) (1.4%)
High 35 45 168
44 (17.6%) 44 (18.3%)
school or GED (13.7%) (17.3%) (16.7%)
Technical
11 10 52
Training 15 (6.0%) 16 (6.7%)
Certificate (4.3%) (3.8%) (5.2%)
Some 77 74 292
73 (29.2%) 68 (28.3%)
college (30.2%) (28.5%) (29.1%)
Associate' 30 33 105
16 (6.4%) 26 (10.8%)
s Degree (11.8%) (12.7%) (10.4%)
Bachelor's 60 63 219
50 (20.0%) 46 (19.2%)
Degree (23.5%) (24.2%) (21.8%)
Graduate 38 33 152
49 (19.6%) 32 (13.3%)
Degree (14.9%) (12.7%) (15.1%)
Declined 0 (0%) 1 (0.4%) 2 (0.8%) 0 (0%) 3 (0.3%)
Annual Income
16 18 68
< $20,000 15 (6.0%) 19 (7.9%)
(6.3%) (6.9%) (6.8%)
20,001 - 14 18 61
15 (6.0%) 14 (5.8%)
30,000 (5.5%) (6.9%) (6.1%)
30,001 - 18 20 67
15 (6.0%) 14 (5.8%)
40,000 (7.1%) (7.7%) (6.7%)
40,001 - 17 18 66
18 (7.2%) 13 (5.4%)
50,000 (6.7%) (6.9%) (6.6%)
50,001 - 20 11 55
11 (4.4%) 13 (5.4%)
60,000 (7.8%) (4.2%) (5.5%)
60,001 - 24 18 79
21 (8.4%) 16 (6.7%)
70,000 (9.4%) (6.9%) (7.9%)
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Table 3.1 (cont.)

70,001 -
80,000

80,001 -
90,000

90,001 -
100,000

100,001+

Missing

Political

orientation

Conservati

Ve

Liberal

Moderate

Not

political

Declined

Other

Born in Alaska

No

Yes

Declined

9 (3.5%)

13
(5.1%)

24
(9.4%)

97
(38.0%)

3 (1.2%)

75
(29.4%)

47
(18.4%)

83
(32.5%)

26
(10.2%)

8 (3.1%)

16
(6.3%)

163
(63.9%)

92
(36.1%)

0 (0%)

23 (9.2%)

13 (5.2%)

22 (8.8%)

97 (38.8%)

0 (0%)

72 (28.8%)

66 (26.4%)

75 (30.0%)

20 (8.0%)

8 (3.2%)

9 (3.6%)

161
(64.4%)

87 (34.8%)

2 (0.8%)

74

22 (9.2%)

19 (7.9%)

24 (10.0%)

82 (34.2%)

4 (1.7%)

80 (33.3%)

40 (16.7%)

79 (32.9%)

24 (10.0%)

7(2.9%)

10 (4.2%)

156

(65.0%)

84 (35.0%)

0 (0%)

19
(7.3%)

14
(5.4%)

23
(8.8%)

101
(38.8%)

0 (0%)

67
(25.8%)

52
(20.0%)

87
(33.5%)

34
(13.1%)

5
(1.9%)

15
(5.8%)

154
(59.2%)

106
(40.8%)

0 (0%)

73
(7.3%)

59
(5.9%)

93
(9.3%)

377
(37.5%)

7 (0.7%)

294
(29.3%)

205
(20.4%)

324
(32.2%)

104
(10.3%)

28
(2.8%)

50
(5.0%)

634
(63.1%)

369
(36.7%)

2 (0.2%)



Table 3.1 (cont.)

Received at least

one COVID
vaccination
191
Yes
(74.9%)
58
No
(22.7%)
6
Declined
(2.4%)

177
197 (78.8%)
(73.8%)
60
51 (20.4%)
(25.0%)
2
2 (0.8%)
(0.8%)

196
(75.4%)

60
(23.1%)

4
(1.5%)

761
(75.7%)

229
(22.8%)

14
(1.4%)

(Maxwell, 2024)

Subgroup analyses show that VHCS tended to decrease from the control arm to

experimental arms only amongst respondents with lower educational attainment (“technical

training certificate” and “high school diploma or GED”). The VHCS of respondents who

identified as liberal and had higher educational attainment tended to increase with all three

interventions, whereas moderates and conservatives had mixed results across interventions.

Through bivariate analysis, we identified significant differences in VHCS in five

variables: religiosity, primary race, political orientation, educational attainment, and COVID-19

vaccination status. There were no significant differences in VHCS regarding age, gender,

household income, employment status, and whether respondents were born in Alaska.

Political ideology was the strongest indicator of VHCS, with conservatives having the

highest mean VHCS (x = 17.87) followed by other/not political (X = 15.99), moderates (X =

11.00), and liberals (x = 7.31). Having received a COVID-19 vaccination was an indicator of

lower VHCS; those who had received a vaccine had a mean VHCS of 10.76 compared to 20.82

for those who had not. Mean VHCS decreased with additional formal education; respondents

with a high school diploma or GED had a mean score of 16.03, followed by training/technical

certificate (X = 14.15), some college (X = 14.00), associate’s degree (X = 14.02), bachelor’s

degree (x = 11.06), and graduate degree (X = 10.03). Respondents who identified as religious
scored a higher VHCS (X = 15.70) than those who did not (x = 10.80). We performed a

multivariate linear regression model with the VHCS as the outcome and initially included six

predictor variables, including the variables listed above as significant predictors and the study
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arm. A backward stepwise process eliminated variables with p-values > .05, and the subsequent
weighted model included five predictor variables (educational attainment with high school or
GED as referent, political orientation with conservative as referent, religiosity with religious
affiliation as referent, COVID-19 vaccination status with no prior vaccine as referent, and study
arm with the control as referent). The initial model had an AIC of 6007 and an adjusted r* .4687.
Based on descriptive analyses showing differences in VHCS across arms when stratified by
political orientation and educational attainment, we conducted ANOVA tests and Tukey’s post
hoc tests. These tests showed a significant difference between VHCS in the annotated year of
approval study arm (p .011) and Tukey’s test revealed the annotated list survey performed
statistically poorer than other arms (p .018, which led us to collapse all other arms. A final model
with the collapsed arm variable had an adjusted 1? .6878 and AIC of 7071, explaining 68.78% of
the variability in the data. A final ANOVA with the new model showed a statistically significant
difference between arms when accounting for political orientation and education level (p .0132).

Table 3.2) provides a summary of findings derived from the final model.

Table 3.2: Multiple regression findings on vaccine hesitancy and associated factors (n = 1,005). — indicates

reference group.

Characteristic Beta 95% CI p-value
Study Arm

Other — —

Annotated 0.37 -0.46, 1.2 0.4

Political orientation

Conservative — _
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Table 3.2 (cont.)

Declined

Liberal

Moderate

Other/not political

Educational attainment

HSE

Associate's Degree

Bachelor's Degree

Declined

Graduate Degree

Some college

Technical Training Certificate

Religiosity

-0.36

-10

-0.78

0.00

-0.09

-0.55

77

-2.7,2.0

-11, -8.7

-7.8,-5.7

-1.9, 0.36

14,14

-3.5,-1.1

-10,3.3

-4.1,-1.4

-1.1, 0.94

25,14

0.8

<0.001

<0.001

0.2

>0.9

<0.001

0.3

<0.001

0.9

0.6



Table 3.2 (cont.)

Yes — —
No -2.0 -2.8,-1.1 <0.001
Received at least on COVID vaccination -9.0 -9.9, -8.1 <0.001

I'CI = Confidence Interval

I'CI = Confidence Interval

(Maxwell, 2024)

Table 3.3 shows the overwhelming majority (90%) of respondents believed there should be
some exemptions to vaccine mandates in public schools. Medical exemptions were the most
accepted exemptions (62%), followed by parental freedom of choice (45%) and religious reasons
(34%). Mean VHCS was highest amongst those in favor of parental freedom of choice

exemptions and lowest amongst those not in favor of parental freedom of choice exemptions.

Table 3.3: Reasons for exemptions to vaccine mandates in school. “Vaccine exemptions should be allowed in public

schools for (check all that apply)”.

Documented Religious reasons Parental freedom There should be Decline to
medical reasons of choice no exemptions in answer
only public schools

Yes No Yes No Yes No Yes No Yes No

62%)  (38%)  (34%)  (66%)  (45%)  (55%)  (10%)  (90%)  (2%)  (98%)
(N=627 (N=377) (N=388) (N=616) (N=452) (N=552) (N=100 (N=904 (N=20 (N=984)
) ) ) )

(Maxwell, 2024)

3.5 Discussion
In the months immediately following COVID-19 vaccine availability in the United
States, Alaska was held up as a success story, leading the nation in vaccine coverage in early
2021 (Cirruzzo, 2021). However, by August 2023, only 14% of Alaskans had received an

updated booster dose, making it the 36™ most vaccinated state (Centers for Disease Control and
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Prevention, 2023a). Recent qualitative and quantitative studies in Alaska have shown vaccine
acceptance (or rejection) as a complex, highly variable decision-making process (Eichelberger et
al., 2023; Hahn et al., 2022; Parker & Meyer, 2023). In this research, consistent with results from
the preliminary study, VHCS spanned the full range of possible scores (4-32) and varied widely
even within subgroups. Demographic associations with higher vaccine hesitancy mirrored
findings in the previous iteration of the VHCS (Parker & Meyer, 2023) and extant literature;
lower VHCS resulted in respondents with a graduate degree compared to those with a high
school diploma or GED (B = -2.8; 95% CI: -4.1, -1.4; p <.001) and in those who identify as
politically liberal compared to conservative (f = -10.0; 95% CI: -11.0, -8.7 ; p <.001). We also
found that respondents who identified as non-religious were more likely to have a lower VHCS
when compared to those who did (B =-2.0; 95% CI: -2.8, -1.1; p <.001) and, expectedly,
respondents who had received a COVID-19 vaccine were more likely to have a lower vaccine
hesitancy score compared to those who had not (B =-9.0; 95% CI: -9.9, -8.1; p <.001). Despite
this strong association, we maintain that it is important to separate vaccination status from
vaccine hesitancy, as vaccine apprehension may persist throughout the hesitancy spectrum,
including among vaccinated individuals (Eichelberger et al., 2023).

Further analysis using ANOVA and Tukey’s tests showed that the survey with the
annotated list of years of vaccine approval was the only arm that performed significantly
differently from the other arms. This arm was associated with significantly higher vaccine
hesitancy scores, controlling for education, political orientation, religiosity and COVID vaccine
status. In the raw scores, the data showed that within some subgroups, educational interventions
were effective in lowering VHCS, namely amongst respondents with lower formal education
attainment ("technical training certificate" and "high school diploma or GED"). VHCS were
consistently lower in the intervention arms in this cohort, suggesting that similar written
educational interventions may effectively decrease hesitancy in this population.

Interestingly, in some subgroups (liberal respondents with a bachelor’s or graduate
degree), intervention groups had Aigher VHCS than the control group. This suggests that within
highly educated liberal populations, educational interventions may have the opposite of the
desired effect and that vaccine belief perseverance (a phenomenon where “people maintain or
even strengthen their beliefs and attitudes in response to disconfirming evidence” (Anglin, 2019,

p. 176)) may be more prevalent in this population. Additionally, outliers were present at the
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upper end of the VHCS distribution in respondents who identified as “liberal” and “moderate”,
suggesting a subset of liberals and moderates do not conform with the majority (a finding which
was not present in conservatives). These findings indicate a distinct subset of highly educated,
politically liberal individuals who are less accepting of vaccines, and thus, further studies should
be conducted to investigate what types of interventions may be more effective in this population.

As of the 2020-2021 school year, approximately 4.6% of kindergarteners in Alaska have
vaccine exemptions (Seither et al., 2022). Alaska permits medical and religious exemptions for
school and childcare vaccines and is not one of the fifteen states that allow philosophical
exemptions. Medical exemptions must be signed by a medical professional (MD, DO, NP, or
PA) and state that the immunization would be “injurious to the health” of the child or that the
child has immunity to the pathogen (State of Alaska, 2017). Religious exemptions require a
signed and notarized statement from the parent or guardian that immunization “conflicts with the
tenets and practices of the church or religious denomination of which the
applicant/parent/guardian is a member” (State of Alaska, 2013). To our knowledge, no available
data describes the breakdown by type of exemption in Alaska. In this study, nearly two-thirds
(62%) of respondents were in favor of allowing medical exemptions to vaccine mandates in
schools, compared to only one-third (34%) in favor of religious exemptions and 45% in favor of
parental freedom of choice (or philosophical) exemptions. As exemption rates continue to rise in
Alaska (and the United States generally) (Seither et al., 2022), a multifaceted approach has been
proposed to increase vaccine uptake, including more robust vaccine education, financial
incentives by way of taxation and/or health insurance costs and changes to policy increasing the
barriers to obtaining an exemption (though this may present ethical and administrative
challenges) (Constable et al., 2014).

This study had several limitations. Recruitment for the study was through a company
with established pools of individuals who had previously exhibited a willingness to engage in
research opportunities. These participants may not be representative of the general population of
Alaska, which led us to oversample as a correction. Additionally, our survey was only offered in
the English language and was available through text message and internet access, excluding
individuals who lacked access to these resources and/or did not speak English. Notably, internet
access and mobile coverage are less likely to be available in the remote regions, which are home

to 48% of the state’s Alaska Native/American Indian population as of 2010 (Fall, 2019).
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Though substantial research analyzing the effectiveness of interventions to address
vaccine hesitancy exists, this study provides insight into several enduring questions. Much of the
existing research investigates changes in intention to vaccinate after interventions, while this
study examines shifts in attitudes towards vaccination. This is an important distinction, as studies
indicate that a change in attitude does not always precede a change in the decision to vaccinate
(mandates, increased accessibility, and logistical interventions such as reminder calls are
relatively effective in increasing uptake but are not likely to change attitudes) (Sadaf et al.,
2013). This study shows that brief educational interventions may effectively shift vaccine
perceptions among individuals without a college education. Additionally, these interventions
may yield the opposite effect in highly educated liberal populations, prompting the need for
further research on promising interventions for this group. Finally, while misinformation and
lack of knowledge play a role in decision-making around vaccination, there is also a vital social
component. Interpersonal interactions, past experiences, and individual personality each have
considerable influence on vaccine attitudes (Eichelberger et al., 2023), none of which are
impacted by educational interventions. However, this research suggests that highly targeted
interventions are needed to reach the "movable middle" (Centers for Disease Control and
Prevention, 2023b) and that further research is needed to determine which approaches are

suitable for specific groups.
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University of Alaska Fairbanks Graduate School Travel Award and Degree Completion Award,
Alaska EPSCoR NSF award #0OIA-1757348 and the state of Alaska. This material is also
supported in part by the National Science Foundation Arctic Section Doctoral Dissertation
Research Improvement Grant Program under Grant No. 2309906. The contents of this article are
solely the responsibility of the authors and do not necessarily represent the official views of the

NSF or anyone else.

3.11 Data Availability

To access data used for this manuscript, please contact the first author.
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Chapter 4: Exploring the Impact of the Infodemic on COVID-19 Responders in Alaska: A
One Health Approach

4.1 Abstract
Background: The COVID-19 pandemic has been accompanied by an unprecedented infodemic,
characterized by the proliferation of both accurate and misleading information. Efforts to better
describe the impacts of misinformation during the pandemic can facilitate the development of
tools and policies aimed at managing future infodemics. Objectives: We aimed to investigate the
infodemic experiences of COVID-19 responders and identify themes that cut across sectors.
Design: This study explored how the circulation of false, incomplete, and excessive information
affected individuals responding to the COVID-19 pandemic, including healthcare providers,
public health professionals, leadership, members of the media, K-12 school staff, tribal
organizations, and others. Methods: Using a One Health framework to guide recruitment, we
conducted 21 semi-structured interviews over video conference and analyzed them using mixed
inductive/deductive thematic analysis. Results: Our findings coalesced around three principal
themes: misinformation management, misinformation impacts and lessons learned. Building
trust, promoting equity, and ensuring adequate resources (such as staffing and time) stood out as
critical components to successfully combating misinformation. Conversely, a lack of
communication/collaboration and intense politicization of COVID-19 made the response
exceedingly difficult. The infodemic had direct impacts on the community, professional practice
across fields and mental and physical health, many of which will have a continued effect moving
forward. The lessons learned from this study can be applied towards efforts to better prepare us

for the next public health emergency by enabling a more informed and agile response.

4.2 Introduction
The COVID-19 pandemic has caused nearly seven million deaths as of September 2023,
(World Health Organization, 2023) making SARS-CoV-2 one of the deadliest pathogens in
history Following the spread of COVID-19 around the world was another type of pandemic,
characterized by unreliable information and confusion. This information epidemic, or infodemic,

presented additional challenges for public health authorities at a scale never seen before.
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Infodemics, defined as an overabundance of information—some accurate and some not—
that occurs during an epidemic (Tangcharoensathien et al., 2020), have emerged as a significant
threat to public health in the information age. The proliferation of digital platforms has
compounded the effects of infodemics, posing novel challenges for individuals, communities,
and societies. The overwhelming volume, speed, and reach of misinformation circulating online
is unprecedented, contributing to confusion and a distorted understanding of critical information.
Disinformation campaigns designed to exploit cognitive biases and manipulate public opinion
are becoming increasingly sophisticated, and public trust in institutions has never been lower
(Jones, 2022). The consequences of infodemics have tangible impacts, making it difficult for
individuals to make informed decisions about their health and impeding effective outbreak
response (Corinti et al., 2022).

The body of literature centered around infodemics has grown tremendously since 2020.
Studies identified lack of health literacy (Mokhtari & Mirzaei, 2020), increased social media
usage (Almomani & Al-Qur’an, 2020; Li et al., 2020; Naeem et al., 2021) and changes in
publication policies (Kearsley & Duffy, 2020) as a few of the driving forces behind infodemics
while others have proposed various countermeasures, such as education/training (Wormer,
2020), strategies to increase information accessibility (Looi et al., 2021; Marwitz, 2021) and
altering policies on social media platforms (Zarocostas, 2020). A systematic review found many
studies focused on investigating the broader impacts of the infodemics, citing psychological
issues, eroding trust, unproven treatments, panic buying, economic recession, xenophobia, and
other social issues (Pian et al., 2021). Others concentrated on the individual consequences of
infodemics on mental health (Elbarazi et al., 2022; Shoib et al., 2022; Xiong et al., 2020; Ying &
Cheng, 2021), sleep quality (Jung & Oh, 2022) and nutrition (Gavaravarapu et al., 2022). Far
fewer studies have evaluated the impacts of the infodemic on those responding to COVID-19,
such as healthcare professionals (Ismail et al., 2022) or Red Cross employees (Heyerdahl et al.,
2021). The direct, real-life implications of an infodemic during a public health emergency,
particularly amongst those on the front line, are less well-understood.

This study uses semi-structured interviews to explore how the circulation of false,
incomplete, and excessive information affected individuals responding to the COVID-19
pandemic, including healthcare providers, public health professionals, leadership, members of

the media, K-12 school staff, tribal organizations, and others.
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4.3 Methods
4.3.1 Research Approach & Design

Addressing the health security issues posed by infodemics is multidisciplinary by nature,
requiring expertise from many typically divergent domains. Medical doctors, epidemiologists,
social scientists, journalists, and virologists are only some of the stakeholders needed to
understand and communicate the science behind an outbreak. Effective risk communication
during a public health emergency requires a collaborative approach to ensure transparency, clear
communication, and informed decision-making at the individual and policy levels.
Interdisciplinary approaches, such as the One Health approach, have been proposed as a
promising perspective when tackling infectious disease outbreaks due to their emphasis on
interconnectedness, coordination, and collaboration. The American Veterinary Medical
Association defines One Health as the collaborative effort of multiple disciplines—working
locally, nationally, and globally—to attain optimal health for people, animals, and the
environment (Tan et al., 2017). Case studies have documented the successful operationalization
of One Health in various contexts, including vaccination programs (Tan et al., 2017) and a priori
investigations to improve resource efficiency and cost-savings (Rostal et al., 2018).

In the context of infodemics, this approach can facilitate cross-sectoral collaboration,
building the capacity to communicate evidence-based, accessible information when it is most
needed. The One Health paradigm recognizes this need for collaboration and partnership across
disciplines when combatting infodemics (Alam & Chu, 2020). However, despite this, limited
attention has been given to One Health as an approach to infodemic management. In this study,
we employed a One Health approach to conduct 21 semi-structured interviews and analyzed

them using mixed inductive/deductive thematic analysis.

4.3.2 Participant Selection
Interview participants were selected using a concept mapping process developed within
the One Health field called the One Health Systems Mapping and Analysis Resource Toolkit
(OH-SMART). Developed by the University of Minnesota’s One Health Global Initiative, OH-
SMART is an interactive process that fosters working across organizational and disciplinary
lines when preparing or responding to disease outbreaks (Global One Health Initiative -

University of Minnesota College of Veterinary Medicine, 2023). This robust, adaptable
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framework enables a comprehensive assessment of processes while identifying gaps and points
of continuity within a system. The tool was successfully piloted in West Sumatra, Indonesia to
enhance multi-agency collaboration around infectious disease outbreaks and has since been used
in zoonotic disease prioritization workshops to maximize efficiencies and enhance systems
operations in the United States (Centers for Disease Control and Prevention et al., 2017). Though
the toolkit has been used extensively in infectious disease response, this is the first time it has
been applied to assess health communication and misinformation.

The OH-SMART model consists of six unique steps: identify the network of interest,
interview stakeholders, map the system, analyze the system, identify opportunities for
improvement, and develop a plan to realize improvements (see Figure 4.1). The tool comprises
various modules and components, allowing users to tailor assessments to specific needs and

objectives.

Figure 4.1: Adapted OH-SMART process map

Identify impacts Interview stakeholders

OH-
SMART
Process

(University of Minnesota College of Veterinary Medicine, 2023)

In this research, we adapt the final two steps to reflect the goal of selecting interview
participants by altering step five from "identify opportunities" to "identify impacts" and

removing step six. The process resulted in a process systems map of how the COVID-19
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infodemic has impacted and created ripple effects on individuals, private entities, and public
agencies.

Using the OH-SMART framework as a guide, we sourced public documents and media
for information to identify key state, local, and tribal organizations responsible for various
aspects of the COVID-19 response in Alaska (see Figure 4.2). These sources included academic
journals, local and regional newspapers articles, extension for community healthcare outcomes
(ECHO) video calls co-sponsored by the University of Alaska and the state of Alaska and the
Alaska Emergency Operations Plan. Throughout the interview process, participants were also

given the opportunity to suggest additional interviewees.

4.3.3 Data Collection

Semi-Structured Interviews

Interviews were between 22 and 50 minutes (mean = 31) and participants were offered a
$50 gift card as an incentive for their participation. To be eligible, participants were involved in
the COVID-19 response (identified through the OH-SMART process), were at least 18 years of
age, fluent in the English language, and signed the digital informed consent form prior to being
interviewed. We reached out to potential interviewees by email and through the social media
platform LinkedIn and after written consent was provided, an IRB-approved informed consent
form was sent via Docusign. All interviews were recorded and transcribed with Zoom
transcription service, and participants were assigned a study ID for confidentiality. The key for
the study IDs was kept on a secured digital document and only available to individuals identified
in the IRB-approved protocol. Semi-structured interviews were completed by the first author
between January and March 2024 on the video conference software Zoom (version 5.16.2). The
interview protocol (see supplementary materials) centered around topics related to COVID-19
misinformation including job duties, general contact with misinformation, response activities and
barriers to response, impacts of COVID-19 misinformation on professional duties, mental health
and misinformation, and other areas of interest. The University of Alaska Anchorage institutional
review board approved this study (Protocol #2032885-1) as exempt due to its minimal risk nature

and the collection of minimal potentially identifiable data.
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Figure 4.2: Stakeholder oval of interview participants.
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4.3.4 Data Analysis

All transcribed interviews were downloaded into Microsoft Word and checked for
quality assurance by listening to audio files and manually correcting errors and adding relevant
notes (such as coughing, laughing, etc.). At this time, transcriptions were de-identified and
imported into Nvivo (version 14) qualitative analysis software for coding. We used thematic
analysis methods to identify common themes among individuals with diverse roles and
responsibilities during the COVID-19 pandemic. Thematic analysis is an adaptable qualitative
research approach that allows researchers to investigate and group major concepts weaved
throughout interviews (Nowell et al., 2017). We began by reading through each interview and
conducting initial coding using a priori codes derived from a literature review. Codes were
iterated upon and adjusted after each interview was coded and memos were added on an ongoing
basis to provide the initial context for synthesizing codes into broader themes. The codebook

consisted of 19 final codes (the full codebook is available in the supplementary materials).
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4.4 Results
4.4.1 Study participants
We interviewed a total of 21 participants, from six broad occupational sectors: 29%

healthcare providers (MD, DO, RN, PharmD, n=6), 5% state and local leadership (legislator,
n=1), 33% public health (epidemiologist, communications specialist, contact tracer, n=7), 14%
non-profit (research, community organization, n=3), 14% academic (professor, superintendent,
n=3), and 5% media (reporter, n=1). 29% (n=6) of the sample population was male and 10%
(n=2) of interview participants worked at a tribal organization. Participants represented five
regions across the state: 38% statewide (n=8), 33% southcentral (n=7), 14% southeast (n=3), 5%
interior (n=1), 10% southwest (n=2).

Figure 4.3: Word cloud of the most frequently used words in the interview text.
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Initial analysis included running the “Word Frequency” query on the full set of
interviews using NVivo, which identified a starting point for potential themes (see Figure 4.3).
This query resulted in six words with the highest frequencies: “information”, “vaccine”, “work”

“people”, “health”, and “misinformation”. This graphic reveals the words used most commonly

94



across all interviews, providing insight into cross cutting themes. With this information as a
baseline, we grouped all instances of each code, reviewed the content for emerging themes
within codes. “Direct quotes” was also used as a code but was not included in the analysis as it

was only used to identify potential exemplary quotations.

4.4.2 Themes
Three major themes emerged across the interview data: misinformation management,
impacts of misinformation and lessons learned. There was notable overlap in these topics; for
example, the lack of resources noted under ‘misinformation management’ may have contributed
to the impacts of misinformation on professional practice. A process map of some of these

interactions is shown in Figure 4.4..

Misinformation Management

During interviews, significant discussion centered around factors participants identified
as key components as well as barriers to successful misinformation management. Critical
components identified included adequate resources, building trust through communication, and

efforts to ensure an equitable response.

Resources
The most frequently mentioned resources that were lacking were staffing and time. High
turnover was a common thread across interviews, particularly as the pandemic waned. The

reasons cited for this included burnout and a rethinking of life priorities.

“We worked very long hours. We worked most days of the week for I think nine months...I
think a lot of us had young children and were seeing the effects of not being with them as much
as we wanted to. Misinformation was the constant trigger that hit us each time we talked to

friends and family members we engaged in on social media.” [105]

“It was like another full-time job on top of our normal full-time job.” [124]
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In addition to a shortage of staff in general, participants emphasized that there were not
many health communications professionals in the state of Alaska who had the expertise to
successfully manage misinformation. This capacity was noted by a participant in a public health
leadership position as “one of the most important ingredients to being able to effectively combat
misinformation” [107]. On a broader scale, participants identified a lack of communications

infrastructure in general as a major point of deficiency in the COVID-19 response.

“Ongoing budget cuts, that sort of thing that, you know, is constantly denuding the ability for
State governments to manage a response and a lack of any sort of federal coordinated
infrastructure compounded [staffing issues] by making folks like me, instead of coordinating the

response, work to develop the infrastructure needed to manage it.” [116]
Trust

The next critical component of misinformation management identified was trust.
Participants from across sectors said that the information being shared by official sources (such
as the CDC or healthcare providers) was often confusing, incorrect, or changing on a regular

basis. One participant shared:

“[ think it just put a lot of doubt in the public's mind as far as whether what was being
recommended was actually necessary, and if it actually really did help protect them and their

community.”[102]

In addition to unclear guidance, the messenger wasn’t always well-suited for the

audience. One public health employee stated:

“I think we [public health] have to be comfortable with the fact that we are not going to be
the trusted messenger for everyone. And I think it's a key task for health communications,

professionals to ask, ‘who is the trusted messenger’? [105]

Participants noted the increasing difficulty and decreasing success of using official public

health channels to convey health information due to the public’s lack of trust. To counter this,
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one participant noted the importance of engaging with tribal leaders when working with AI/AN

communities while another discussed their approach in their region:

“We're here in conservative MatSu and we tried to partner with people that we thought that
most people would listen to. So, like, we did numerous projects with [a high-ranking government
official], and we did projects with the mayors of Wasilla, Palmer, and the borough, like
respected public figures on the on the righter side of things, hoping that using them as

messengers, and they were all super cooperative.” [124]

Equity
The third and final key component identified as necessary to manage misinformation was
equity. Participants emphasized the importance of addressing language barriers by disseminating
information and guidance in different languages (which was noted as lacking in some regions).
Even when non-English guidance was issued, it often fell behind and was not updated regularly,
leading some individuals to feel their community was “falling through the cracks”. One
participant even noted that some misinformation campaigns were specifically targeting

individuals who spoke English as a second language. A small business owner who is bilingual

stated:

“You know, most of the time they'll say, ‘well, you know, you can go to the web page, and you
can use Google translator’. Well, no, Google translator is not going to do it 100% accurately.
Small business owners do not have the time to go looking for things. We are working from the
minute we get to our business, sometimes, even until we get home. And why do they think that

we're going to go looking for stuff when our job is to, you know, keep the business running.”

[109]

In addition to language, other cultural differences were identified as being important for
officials to recognize while developing response plans; for example, vaccination campaigns
designed for Samoan communities may look different than those for AI/AN or Hispanic
communities. Other equity-related issues included access to technology (particularly in remote

regions) and historical trauma.
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“I think most rural Alaskan Native communities have a history of respiratory illness, like
really grabbing hold of a community and burning its way through. Then, given the unique
infrastructure challenges that our communities face, it's like, you know, help and resources can

be hours or days away. And so that was really hard.” [120]

Barriers

The barriers to a successful response to COVID-19 misinformation were a strong focus
throughout the interviews. The most prominent of these was ineffective coordination of
communication between government sectors at all levels. Participants identified cohesion and
consistency in communication as being crucial during any emergency and that during the
pandemic, there was conflicting information from the highest levels. When discussing the CDC,

one participant said:

“Many times, we felt like we were in a test to kind of be experimented upon like, ‘Okay, well,
just make sure you get us all your data. We understand you're struggling, best of luck”. And
then, they would eagerly be looking to see what's working and what isn't. We 're supposed to be
preparing better for the next one, but at whose expense? So, I think the biggest challenge was
generally the lack of the infrastructure that was needed to coordinate our public health response.

Coming from the CDC.”’[116]
Others pointed towards communication breakdown at the state level:

“I think within the State of Alaska, like many government entities we were very siloed in our
approach. Of course, there is the emergency operation center that was stood up to break those
silos down. But that organization didn’t really didn't know how to do its job very well. For

example, we were using outdated information sharing policies and practices.” [116]

The disjointed nature of the information flowing from the CDC to the state made things

more difficult for responders when even simple mistakes had deleterious consequences.

“The misinformation that was sometimes the most problematic... it was actually just like the
honest mistakes that partners and collaborators would make in communicating. All it really took

was for one person to send an email to a group of partners misidentifying the group that could
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get vaccinated next and all the phone lines would be tied up with people who are frustrated that

they couldn't find where they could get vaccinated because they were being turned away.” [105]

Participants believed instances like these led to apathy and disinterest amongst those who
would have otherwise been likely to follow guidance. One participant noted that this was
especially true given that, “What we were recommending here was not easy. They are very
difficult challenges for people that could make it difficult for them to go to work or go to
school.” [102] Additionally, several participants pointed out the reality that oftentimes
misinformation and rumors spread more quickly and easily than the truth. They described
combating misinformation as ‘whack-a-mole’, an ‘uphill battle’ and that once it was said, “i¢

would be impossible for us to fully put the cat back in the bag.” [105]

“A lot of effort has to go into proving one little comment that somebody can just make up on
the spot. To share the truth behind what they said can just take hours and hours and hours, and
by then, whoever had seen that... they're no longer even interested in hearing the long truth of

it. " [102]

There was one barrier to managing COVID-19 misinformation that nearly every
participant raised: politicization. Participants felt that COVID-19 in general had been intensely
politicized, which hampered their ability to take steps towards managing misinformation. This
had effects at all levels of government, as one participant noted the shift in policy from one

mayor to another:

“We went from having a mayor who was a believer in science, who looked at the data and
made some tough choices to a major who had no experience in government at all and was
unwilling to do anything to restrict public activity in the name of controlling the epidemic. The
differences are just so stark in what happened with disease rates, hospitalizations, compliance in

vaccination...everything. I think a lot of that was an impact of misinformation. [110]

When referencing the results of a survey about public attitudes towards COVID-19

vaccination, one participant said:
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“There was actually a whole back and forth about the second survey and whether we were
allowed to publish it or not. And I think it's kind of buried on the website somewhere. I think the

[high-ranking government official]’s office ended up not wanting us to publish it.” [114]

Others also mentioned the high-ranking government appointees and elected officials as
well as employees at various levels of government not being comfortable with their work,
leading them to “not really act on anything.” [114] One participant recalled a specific incident
where this dynamic, “ended up with the [high-ranking government official] calling out our
efforts. I mean, in particular, in a press conference to say that he was under the impression
HIPAA privacy laws had been violated, etc., etc. So again, none of that was true. None of it was
actually at all related to any of our practices.[116] Similarly, participants pointed out that some
members of leadership were saying one thing in public (guided by political ideology), while

doing another in private:

“On occasion, well-known personalities or leaders who became ill with COVID had the
vaccine and took in the usual treatments and got better, but in public venues were saying we
shouldn't be encouraging vaccine, and ... would have fundraisers where nobody was masking.
And so, it felt like there was some doublespeak, and that there was a recognition that politically,
if they said that out loud that they would lose support from a certain percentage of their voters,
even though we had taken care of some of those people in the hospital. It felt a little different

than what they were saying publicly. ’[112]

The same participant recognized that politicization could occur on the opposite side of
the coin as well. They expressed frustration about the inflexibility of COVID-19 guidance

stating:

“We knew very early, if you've had COVID, the likelihood that you get severely ill and end up
in the hospital is really low. I mean, we could see that within months. And so, you know, having

natural disease is quite protective. Why do you have to say that it isn't?” [112]

Impacts of Misinformation

Another large portion of the interview content focused on the impacts of COVID-19

misinformation on various aspects of their experience. This topic was a central focus of the study

101



and thus, many questions in the interview protocol and many follow-up probing questions were
asked during this part of the interviews. The impacts of misinformation fell into four categories:
impacts on community, impacts on professional practice, impacts on health and health behavior,

and future/enduring impacts.

Impacts On Community

The impacts of COVID-19 misinformation on communities throughout Alaska was
undeniable. One of the most cited consequences of misinformation was division within

communities.

“There was just this political, social divide that happened which I would care to never

experience again.” [122]

“I think that's impacted families and friendships in ways that, like, people might not have
anticipated. And just suddenly, people have really strong opinions about this preventative
medicine, and that's not something that had previously been so politicized. So, I think that was a

real challenge to some of our communities and some of our social networks.” [103]

“We obviously have this population sector in our community who has very strong beliefs to the
right end of the political scale, and they were pretty vocal. Small again, contextually small in
number, but they were banding. They were, you know, pretty assertive, [ would say. [ won't say
aggressive, although they were at times very aggressive, assertive in their response to our

decisions.” [122]

Others noted social pressures as a motivating factor for some individuals. For example,
if those close to you were inclined to get vaccinated (or not), you may feel pressured to do the

same for fear of being ostracized or damaging the relationship.

“There was an employer who... required testing of their employees every day...they either
had to prove they were vaccinated or get tested. There were employees who were indeed
vaccinated, but they still lined up every day to get tested because they didn't want their friends to

know they were vaccinated like, there is this shame of being vaccinated.” [124]
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Impacts on Professional Practice

Unsurprisingly, the impact of the infodemic on participants’ professional practice was
profound. Individuals from all sectors reported that fighting misinformation was a constant battle
that they were unprepared for, and multiple interviewees used the phrase, “building the plane as
we’re flying it”. Many noted that addressing misinformation took a lot of time away from other
duties, detracted from the quality of their work and made it harder for them and their staff to do
their jobs. The extensive efforts put forth towards combating misinformation left people feeling

frustrated. One physician said:

“Many people were quite adamant about their views. Didn't really matter what studies or what
evidence I presented. There wasn't really gonna ever be a real discussion about it. ‘Oh, you
shouldn't be vaccinating moms, because it'll harm the baby’. Even though now we know to

vaccinate Mom, especially late in pregnancy. It's much better for babies... People didn't really

wanna look at the data. Many patients...we try...I tried. I think I'll say it was sad... But by the
end of 2021, many of us just weren't putting a lot of effort into individual education anymore. We
were just doing the very best we could in a difficult time, because it really was not highly
valued.” [112]

“The trajectory changed from serving and trying to reach the most vulnerable people to focusing
on a small minority of people who, you know, honestly, I don't think that their minds were going
to be changed. There was just so much effort being put into that population at the expense of
some of the other populations, and I think that just felt also very frustrating. And kind of led to
that feeling of like, well do I really want to keep doing this?” [117]

Misinformation also had direct ramifications on participants’ abilities to do their jobs.
One participant stated that a local radio station refused to host COVID-19 related advertising

while another involved in contact tracing said:

“We have individuals who are refusing to participate, for example, because their employer did
not want them to. We had a well-known case of a childcare center... where they were not
allowing their employees to call out sick if they were diagnosed with COVID. And so, it became
very difficult. They did not want to participate in our contact tracing because they were afraid

that the state would inform their employer that they were participating in that effort, and they
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would get in trouble from their employer for even participating later on at the call center. It was

a constant ordeal.” [116]
Another participant mentioned having difficulty setting up vaccine clinics:

“We tried to do it [clinics] at church churches, and they wouldn't want to do it. I guess there
was a lot of misinformation about the vaccine being made out of embryo cells. And there's this
big controversy. So, we had to like, publish in the newspaper about the Pope... It was like
holding people's hand on every single thing that we did.” [109]

Participants with clinical experience expressed some of the new challenges they faced
when having one-on-one conversations with patients about COVID-19. For example, many
patients refused COVID-19 treatments and vaccines who had never had issues with either before,
which was difficult for providers to reconcile with. In an effort to make a difference, one

provider stated:

“When things were really bad, some of us would feel like we could write a letter, and at least
influence a little bit...you kind of have an ethical obligation to try to speak out and do something.
So, we did that, there were enough of us in the same frame of mind that we could do that on

occasion, and maybe help a little bit.” [112]

“Where I guess we have been trained is when we're in a visit with a patient, and we're
talking to them about ‘Here's the vaccines your kids need, here's what they do. Here's the risks,
here's the benefits. What are your concerns like, let's talk about that.” That's what we're trained
to do. But we're not trained to deal with angry Facebook posts or people screaming at you at a

school board meeting, or people throwing pamphlets at your building.” [115]

Unfortunately, in some cases, the dialogue around these issues became threatening. A

public health professional recalled two such instances:

“I had one public health nurse - somebody who was angry at her after a school board meeting,
talking about vaccination rates and when the schools needed to close versus be open, [she] was

followed out to her vehicle. People were scared.” [115]
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“One of our health centers had a woman who, for probably 18 months, was regularly bringing
this literature to the health center, insisting that we were killing kids by giving them COVID
vaccines. Finally, we had to do a ‘do not trespass’ with the police...There were flyers plastered
all over or thrown all over the parking lot of one of the other health centers up north about how

the COVID vaccine is killing kids and you're killing kids, and you need to be stopped.” [115]

These situations were not limited to public health staff, as one K-12 school employee

recounted:

“We did have a situation in the district where that small group got really revved up, I would say,
both at the city and at the school district. They were part of some bigger front across the country,
and started generating paperwork, demanding that we stop mandatory testing. It was like legal
paperwork, but it wasn't legal paperwork...And it was basically saying, you know, directly to me,
‘If you don't stop this, we're gonna start charging you, fining you $25,000 a day’ type thing. It
was threatening and it was hand delivered like he wanted me to sign it. I said, ‘Well, I don't
know who you are, number one and number two, I'm not signing anything so you can hand me
anything you want, but I'm not signing.” But it did really escalate to the point where the city was
very worried about my safety and I had to talk to [the local police department], who gave me
some advice and told me what to do if...because this group sort of, the next level was a citizen’s

arrest that they thought they might do.” [122]

Participants also discussed aggression they faced over the phone, leading contact tracers

to become hesitant to call for fear of being berated.

“We had staff members from the call center who were being told, ‘I've gotten your name. I know
who you are. We're gonna be coming to your house and hurt[ing] you.” And so, we actually had
people leave the effort because of that. So, you know, some very dramatic impacts of
misinformation there stemming from you know again, the concept that the vaccine was a

political weapon was being leveraged against them and those they loved.” [116]

Finally, participants also noted that the polarization around COVID-19 created internal

issues at work as well; some employees did not believe in certain recommendations while others
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were unhappy with what they perceived as a lack of precaution by coworkers and/or their

employer’s policy.

Impacts of Health/Health Behavior

The ripple effects of COVID-19 misinformation also had repercussions on individuals’
physical and mental health. Responders described countering misinformation as stressful, tearful,
and inflammatory and that they felt overwhelmed by the depth of the responsibility. Several

participants talked about this experience ushering in the end of their work in public health with

one participant saying:

“They would have these meetings where they would have these very grim suggestions like,
maybe you could find a room where you could go cry for two minutes...I don't work there

anymore. So that was one way that I dealt with it.” [113]

Physicians and other clinical providers had insight on the ramifications of
misinformation on physical health. These anecdotes were some of the most tangible and tragic

impacts heard throughout the interview process.

“I remember another husband and wife that were admitted to the hospital. Both had very bad
COVID, one was worse than the other. And I was talking to them, and they were, you know, this
guy was adamantly against the vaccine, and then we had a bit of discussion about it. Then he's

like, ‘You know, now, come to think about it, Fauci is actually a good Catholic Christian guy,
and I'm into Christ. I'm into that, so I guess I will take the vaccine now.’ And I was like, ‘Well,
both you and your wife are very sick in the hospital, this is not the exact time we, you know, do
the vaccines. You can get one after. But, you know, it would have been useful to have this a
month ago or two months ago.’ And so that was just very disappointing to see people, some
young people, who should not have become ill...who had very severe disease or didn't make
it...who were adamantly against the vaccine and, you know, would not have died by most

statistical assessments.” [112]

“When people came in, and we recommended evidence-based treatments that give them the
very best chance to survive...many patients did not want those, because they said, ‘Well, we hear

people that get it don't survive’. Many of the people wanted ivermectin, which we were not
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agreeing to give people in the hospital. We would explain to them, ‘You have bad COVID, and
you have a 20 to 50% chance of not making it... And then they would actually get upset or try to,
you know, almost threaten to sue you when you're giving...when they're refusing the correct
medicine... That was...that's just very, very hard to know how to take good care of people in that
situation...At the same time, it's hard to deny somebody something that they're convinced is

gonna help them. That feels really bad.” [112]

Future Impacts

The COVID-19 information epidemic will have lasting effects that go beyond the
pandemic itself. One participant working in education expressed concern about how the division
sowed during the pandemic would impact children in the future. Many people who are still
working in their sectors (and some who are not) conveyed concern about the lack of trust
established during the pandemic.

“It eroded trust and that's the issue. And that's a problem that we have to deal with now.
That's part of it is, people were looking for that consistency, and they saw so much inconsistency
and that really eroded the trust that we had, and I think you know, if we could go back, I think
part of it would be to let people know this is a fluid situation. It’s changing constantly, and we

need to just change with it.” [111]

One of the downstream trends of this distrust is declining vaccination coverage,
particularly with childhood vaccines. Participants noted that they are even struggling to vaccinate
the children of parents who vaccinated their previous children. When a vaccine clinic was
planned at one of the schools it had to be canceled because the outrage from parents was

overwhelming. This is taking place outside of schools as well:

“We did a vaccine point of dispensing [clinic] here in [participants’ city] in the fall, and we
had been doing them almost annually for years where we provide flu vaccines. For many years
we would do this event in the fall and no matter what time of day, what day of the week, what
location we did them, we saw about 300 people. So, we were expecting to have about 300 people

this year, and we had 88.” [119]
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Lessons Learned

The final cross-cutting theme identified was lessons learned. First, participants believed
that creating and maintaining more partnerships with a wider breadth of stakeholders would have
been beneficial for the response. Several individuals specifically alluded to strengthening ties
with organizations outside of public health, such as businesses, schools, healthcare, community-
based organizations, and local government. They stressed the importance of establishing the
infrastructure needed to maintain those relationships long-term, when not in an emergency.
Involving and valuing the contributions of non-public health organizations helps to better tailor
messages and interventions as needed. This would also enable more cohesive collaboration and
messaging across different sectors of society. When identifying a need during the response, one

participant stated:

“Having more visibility into what other people are doing, because I think it felt like there

was a lot of recreating the wheel. You know, across the country.” [117]

Others felt that the role of misinformation during the pandemic was underestimated and
that there was a need for tools specifically designed to manage it. The Alaska Public Health
Information Response Team was identified by multiple participants as being one of the only

efforts aimed at reducing misinformation in the state.

“I'm just very grateful that they [APHIRT] we're able to do that. And really, I think they
helped make a difference.” [107]

When referencing tools for contact tracers to use to counter misinformation, one

participant noted:

“Instead of having refined scripts, having a catalog that could be easily referenced. So certain
phrases. individual concepts were brought up, they [contact tracers] could flip to that
component and try to respond. That also allowed us to integrate on a daily basis new
information that was out there on the news so we would stay topical much more efficiently than if

we would have crafted a very refined and developed script.” [116]
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A few participants identified policy changes that would have made managing the
infodemic easier, including establishing borough-level public health powers. Another participant
expressed their frustration over the lack of repercussions for providers who spread false

information.

“I think the discouraging thing is that our system doesn't have in place adequate protections
or guardrails to really advocate best for everybody here. For example, if you're a licensed
provider, you can tell people that you can take stem cells out of their blood and re-inject it into a
joint, and you'll walk again. It could be complete voodoo and you could charge cash for that.
And unless you can prove that they were, you know, irreparably harmed from that, there's really

no oversight and control.” [112]

Finally, many participants felt that a lack of science and media literacy is a driving force

behind misinformation vulnerability, even amongst those with expertise in the field.

“There are just so many more options now, and you can, in fact, just live in your own
information space and not hear any information counter to what you don't believe in and we
know that we tend to go to information sources and media sources that already confirm our

existing values and beliefs.” [111]

“I don't think you can combat it like topic by topic or question by question. I think it has to be

more comprehensive, and I think, going back to that belief and understanding of science.” [103]

1 think independently interpreting data is very hard and takes a lot of time. People are busy and

it takes a lot of time to do that. So, if you watch a certain media personality every night and find

their arguments compelling historically and you like the interpretation... it makes you feel better
than the alternative interpretation, you're likely to trust that interpretation. And then you're

likely to confirm that by searching literature and finding confirmatory support.” [112]

4.5 Discussion
The information landscape during the COVID-19 pandemic was marked by an
overabundance of information, yet many messages remained unclear or were persistently
challenged throughout the pandemic. A growing body of research is focused on investigating the

causes, effects, and nuances of the COVID-19 infodemic (Islam et al., 2020; Mourad et al., 2020;
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Pian et al., 2021; Ries, 2022) and in this study, we sought out to develop qualitative themes from
the first-hand experiences of individuals involved in the COVID-19 response. Drawing from a
One Health methodology, we used semi-structured interviews to identify crosscutting issues in
misinformation management, the impacts of misinformation and lessons learned.

Many of the themes we discovered were consistent with previous research. A 2021 study
exploring misinformation amongst Red Cross employees in France found that information silos
further polarized people and led to an increasing sense of apathy about controlling the disease
(Heyerdahl et al., 2021). The social stigma around COVID-19 experienced by study participants
has been investigated in previous studies and shown to be deleterious to the management of
COVID-19 (Bhanot et al., 2021; Ramaci et al., 2020). The impacts of misinformation on the
physical health of the public have also been discussed in previous research. Participants in these
interviews discussed false cures, including bleach, UV light, ivermectin, and hydroxychloroquine
having negative effects on patients, while prior research highlighted death and injury caused by
these and various other ‘treatments’ including alcohol consumption and Datura seeds, (Ahmed
Siddiqui et al., 2020; Hassanian-Moghaddam et al., 2020; Pradesh, 2020).

The infodemic management guidelines outlined by the WHO also bare many similarities
to the techniques identified by participants. The WHO’s four pillars of infodemic management
are: listen to concerns, communicate risk and distill science, promote resilience to
misinformation and engage and empower communities (Tangcharoensathien et al., 2020). The
importance of each of these points surfaced in different forms during interviews as lessons
learned: develop social listening tools, adhere to emergency communication principles, promote
science literacy, and strengthen partnerships across the community. Participants echoed previous
findings showing that low levels of science and media literacy are correlated with belief in
conspiracies (Berkman et al., 2010) and intention to spread conspiracies (Williams Kirkpatrick,
2021) and that this lack of foundational literacy must be included as part of any effective
infodemic management guidelines. A lack of trust between the public and COVID-19 responders
was alluded to many times throughout interviews as being a foundational issue in infodemic
management. Trust is a critical component to successful public health interventions and
misinformation can further deteriorate what trust does exist, resulting in public disregard for

evidence-based guidance and recommendations (Thorburn Bird & Bogart, 2003).
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One of the other sentiments shared across many participants in this study was the
collective sense that responders were doing the best they could with what they had at the time.
Many expressed that despite their team members being “driven” and “smart”, they felt trapped
by the limitations of the system and that they knew that successfully managing misinformation
was an impossible task. Integrating a One Health approach into future response plans may
alleviate this issue by encouraging more collaboration within official organizations and across
external partners. Participants also expressed that many of the mental and emotional impacts of
managing misinformation were difficult to disentangle from the many other challenging tasks
involved in responding to COVID-19. One participant explained, “misinformation was just like
one piece of the dysfunctional COVID experience.” [113] Participants’ experiences with threats
of violence and intimidation were repeated across interviews and have been mirrored in previous
studies (McKay et al., 2020).

This study had several limitations. First, though we were able to interview at least one
individual from each of our desired sectors, our results are not representative of any single sector
on its own. Limited resources and time did not allow for theme saturation within each sector,
therefore, results only reflect a small portion of COVID-19 responders in Alaska. Second, our
sample population included individuals who continued employment at the same organization,
potentially resulting in some self-censoring. Third, the final themes derived from these
interviews are a synthesis of general trends across interviews and were not necessarily
unanimous. In fact, some participants expressed the opposite opinions and experiences of others,
further illustrating that the population of COVID-19 responders is not a monolith.

This study sheds light on how misinformation affected responders across sectors during
the COVID-19 response in Alaska. In a state with diverse populations and unique geographical
challenges, the consequences of misinformation can be amplified, leading to disparities in health
outcomes and exacerbating existing vulnerabilities. By exploring firsthand experiences through
semi-structured interviews, this research provides valuable insights into the specific challenges
faced by Alaskan responders in navigating the infodemic. The study underscores the utility of
adopting a collaborative, One Health approach to infodemic management, emphasizing the need
for interdisciplinary cooperation to ensure effective communication and decision-making during

public health emergencies.
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The number of studies concentrated on infodemics has surged since the COVID-19
pandemic began. As a burgeoning field, more research is needed to better understand the nuances
of misinformation dissemination and its comparative effects on professional practices.
Additionally, exploring the effectiveness of interventions, such as the Alaska Public Health
Information Response Team, could inform strategies for combating misinformation in similar
contexts. Furthermore, longitudinal studies could assess the long-term effects of the infodemic
on public trust, mental health, and community resilience, providing valuable insights for future
preparedness and response efforts. Results from these studies may offer useful insights into
policy decisions that would enable more sustainable, preventative measures to lessen the
presence and impacts of misinformation in future health emergencies. This small qualitative
study provides valuable insight into the challenges posed by infodemics in an Alaskan setting but
underscores the need for continual research to address preventive strategies and enhance our

ability to anticipate and respond to future health emergencies.
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Chapter 5: Summary and Future Directions

5.1 Summary

At the 2020 Munich Security Conference, WHO director-general Tedros Adhanom
Ghebreyesus stated, “We're not just fighting a pandemic; we're fighting an infodemic”. As time
went on during the pandemic, the reality of the infodemic became increasingly relevant to the
COVID-19 response, bringing to light not only the challenges of managing a novel infectious
disease but also the pervasive issue of misinformation. This paper delves into the multifaceted
aspects of COVID-19 misinformation, focusing on its impact, prevalence, and implications for
public health response, particularly in the unique context of Alaska and the Circumpolar North.

The unprecedented surge in misinformation was propagated through both social media
platforms and traditional media channels. This infodemic significantly influenced public
perceptions, behaviors, and responses to the pandemic, highlighting the critical need for effective
communication strategies and information management in public health emergencies. The
complexity of misinformation, fueled by fear, uncertainty, and a rapidly changing information
landscape, has posed substantial challenges to public health authorities worldwide.

The experience of the Circumpolar North region, including Alaska, presents unique
challenges and vulnerabilities. The region's climatic changes, environmental shifts, and diverse
demographics contribute to increased susceptibility to emerging health threats such as zoonotic
diseases and infectious outbreaks. The heightened vulnerability of Indigenous populations in this
region further underscores the importance of addressing misinformation and enhancing health
literacy to mitigate the impact of public health emergencies. Addressing health security issues
like the COVID-19 infodemic requires a multidisciplinary approach involving experts from
various domains, including veterinary sciences, epidemiology, social sciences, and virology.
Effective risk communication strategies, grounded in transparent and evidence-based
information, are essential to counter misinformation and build public trust in health
interventions.

The aim of this dissertation is to gain a better understanding of the dynamics and impacts
of the COVID-19 infodemic in Alaska. These studies employed frameworks and methods from

multiple fields, including One Health, epidemiology, strategic health communications, and
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infodemic management techniques identified in prior research. Below is a brief summary of the

core findings from each chapter.

5.1.1 Chapter 2

The paper explored the use of social listening as a method of data collection along with
latent Dirichlet allocation (LDA) for classifying COVID-19 misinformation on Alaska-based
social media platforms. This approach provided insights into the data corpus by developing
prevailing themes including treatment, vaccine safety, conspiracy, and COVID spread, offering a
structured framework for understanding and addressing misinformation trends. Leveraging
natural language processing techniques like LDA topic modeling holds promise for real-time
monitoring and analysis of digital misinformation, enabling timely and targeted interventions by
public health authorities.

Looking ahead, there is a pressing need to continue advancing research and
methodologies to combat misinformation effectively. Future studies should explore alternative
models such as sentiment analysis, social network analysis, and cluster analysis to gain deeper
insights into misinformation dynamics and audience behaviors. Further, employing these models
through collaborations between researchers, public health practitioners, policymakers, and
communities will be crucial to developing comprehensive and contextually relevant strategies for

infodemic management.

5.1.2 Chapter 3

Vaccines stand as one of the most significant accomplishments in public health, saving
millions of lives and preventing numerous diseases globally. However, recent trends indicate a
concerning decline in childhood immunization rates, both globally and specifically in Alaska.
The rise of vaccine hesitancy, exacerbated by the COVID-19 pandemic and fueled by
misinformation, has posed challenges to public health efforts, necessitating comprehensive
strategies to address these issues effectively. The decline in childhood vaccination rates in
Alaska, compounded by its unique geographic and socioeconomic factors, underscores the
importance of understanding and mitigating vaccine hesitancy. Vaccine hesitancy is a complex
phenomenon influenced by various factors such as safety concerns, lack of knowledge, cultural

beliefs, and misinformation. Vaccine hesitancy is strongly associated with perceptions of risk
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related to both the disease and the vaccine itself, as well as concerns about the vaccine's
development process and safety profile.

The COVID-19 pandemic highlighted the impact of misinformation on vaccine
acceptance and hesitancy. Misinformation spreads rapidly through social media and other online
platforms, contributing to doubts and hesitations regarding vaccines. This phenomenon has been
observed in Alaska, where vaccine hesitancy has been a longstanding issue, further exacerbated
by limited access to healthcare and educational resources in certain communities. This paper
utilized an online randomized controlled trial survey to measure the effectiveness of brief
educational interventions in addressing vaccine hesitancy. The study's randomized controlled
trial assessed the impact of different interventions on vaccine hesitancy scores among Alaska
adults, shedding light on the effectiveness of targeted educational interventions in a specific
population and its subgroups.

Findings from the study indicate that while brief educational interventions can effectively
shift vaccine perceptions among individuals with lower formal education, the impact varies
among different demographic groups. Highly educated liberal populations, for instance, may
exhibit different responses to educational interventions, highlighting the need for tailored
approaches based on specific characteristics and beliefs. The study also investigated vaccine
exemptions, exploring public attitudes towards medical and religious exemptions in school
vaccination mandates. Understanding public perceptions and preferences regarding exemptions
is crucial for policymakers and public health officials to develop comprehensive strategies to
improve vaccine uptake rates.

Moving forward, it is essential to continue research efforts aimed at understanding the
underlying drivers of vaccine hesitancy, particularly in regions like Alaska with limited extant
research and distinct challenges. Tailored interventions, educational campaigns, and policy
measures should be developed to address the multifaceted nature of vaccine hesitancy and
promote informed decision-making regarding immunization. Additionally, addressing
misinformation and enhancing health literacy remain key pillars in combating vaccine hesitancy.
While challenges related to vaccine hesitancy persist, ongoing research and targeted
interventions may offer solutions for improving vaccination rates and safeguarding public health.

By understanding the diverse factors influencing vaccine attitudes and behaviors, we can work
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towards a future where immunization remains a cornerstone of disease prevention and public

well-being.

5.1.3 Chapter 4

The COVID-19 information epidemic, characterized by unreliable and confusing
information, posed substantial challenges for public health authorities globally. Infodemics,
defined as an overabundance of both accurate and inaccurate information during an epidemic,
have emerged as a major threat in the digital age, fueled by the rapid dissemination of
information through digital platforms. The impact of infodemics extends beyond just confusion;
it impedes individuals' ability to make informed decisions about their health and hinders
effective outbreak responses. The body of literature on infodemics has grown significantly,
identifying factors like lack of health literacy, increased social media usage, and changes in
publication policies as contributors. Various countermeasures have been proposed, such as
education and training, strategies to increase information accessibility, and policy changes on
social media platforms. However, the direct, real-life implications of infodemics, especially on
frontline responders like healthcare professionals, are not well-understood.

This study utilized semi-structured interviews to explore how the proliferation of false,
incomplete, and excessive information affected individuals responding to the COVID-19
pandemic, including healthcare providers, public health professionals, and others. Through
thematic analysis, the study aimed to identify common issues in misinformation management,
understand the impacts of misinformation, and draw lessons learned from the experiences of
respondents.

The results of this study highlighted the profound challenges posed by infodemics during
the COVID-19 response in Alaska, including detrimental impacts on professional practice, and
physical and mental health. It emphasized the need for a collaborative, interdisciplinary
approach—such as a One Health methodology—to effectively manage infodemics. The findings
reinforced the importance of building trust, promoting science literacy, and engaging
communities in combating misinformation. Future research may focus on further investigating
the long-term impacts on public trust, mental health, and community resilience. This ongoing
research is crucial for developing sustainable strategies to mitigate misinformation's presence

and impacts in future health emergencies.
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5.2 Future Directions

The principal findings of this dissertation have several important implications for future
research and public health practice, particularly relating to Circumpolar regions. First, it is not
only possible, but feasible for a small-medium sized public health department to monitor and
track trends in misinformation on digital platforms using natural language processing in real-
time. We recommend that state and local public health agencies engage these and similar
techniques to better understand the dynamics of the misinformation spreading in their locality.
Like politics, all misinformation is local — and while a national or international infodemic
tracking tool may be useful to gain broad insights, a more local approach is necessary to develop
interventions and messaging suited to the population of interest. Further, while traditional
qualitative methods would likely be too time and resource intensive for a health department to
realistically implement, the natural language processing utilized in this research requires a much
smaller investment while yielding similar results. The protocols for data collection used in this
study would not be usable for practice in the current form but could be adapted using artificial
intelligence to identify social media posts containing misinformation. Future research utilizing
these, or similar methods may help bring misinformation identification and analysis into standard
public health practice. By doing so, we can enable government agencies to better understand the
patterns of misinformation and thus, develop more tailored, informed risk communication
strategies.

Second, while vaccine hesitancy is only one potential consequence of misinformation, the
strategies aimed at combatting vaccine hesitancy can often be used to combat other
manifestations of misinformation. In the third chapter of this dissertation, we investigated the
effectiveness of educational interventions to combat vaccine hesitancy and found that the result
was dependent on the subgroup within the study population. This reinforces findings from
previous research showing that health risk communication and educational messaging is most
effective when designed for a specific audience. For example, in this study we found our
educational interventions lowered vaccine hesitancy in individuals with lower levels of
educational attainment but had an opposite effect on those who were highly educated. For this
reason, it is essential that public health communicators have a strong understanding of their
audience as well as what messaging strategies have been shown to be most effective in those

populations. This includes understanding how to incorporate culturally competent materials into
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communication strategies when appropriate. More research is needed for public health
practitioners to have this information when they need it, particularly in regions and populations
that are less well-studied in the health communications field, such as the Circumpolar North.

Our third recommendation centers around the results from the qualitative interviews
conducted amongst COVID-19 responders in chapter four. This study found that the infodemic
had profound impacts on both COVID-19 responders and the public during the pandemic,
including impacts on communities, professional practice, and physical and mental health. There
were also several barriers identified by participants who were on the frontlines during the peak of
the pandemic, many of which were a result of the system surrounding them. For this reason, our
next recommendation is to focus on building resilience to misinformation at the individual and
community levels, rather than focusing on measures which can only be enacted during an active
response. Building health, media and science literacy within the population is a key piece to this
strategy (with an emphasis on media literacy, as the growth of social media is unlikely to slow in
the near future). Strengthening literacy through investment in K-12 science education and
training programs (such as citizen science) are proposed as a sustainable countermeasure to
misinformation which may promote resilience to infodemics.

Our final recommendation to enhance infodemic management is to increase collaboration
between key partners of pandemic response. During interviews, many participants emphasized
the critical importance of leveraging trusted messengers in communities rather than relying
primarily on official bodies like public health departments. These individuals, (whether they are
well-known healthcare providers, religious leaders, tribal leaders, hometown heroes or other
individuals who are respected in a community), have existing trust in communities, something
which is often very challenging for officials to gain in an emergency. This is especially important
in rural communities of Alaska, where there is often a history of ‘outsiders’ entering a
community for a short period and the relationship is not maintained over time. For these reasons,
we echo the recommendations of several interview participants who stated the need for increased
coordination and collaboration with community-based organizations. It is important to note that
each of these recommendations is made in the broad context of infodemic management in
general and more studies are needed to identify in what populations and contexts these

recommendations may be more (or less) effective.
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The COVID-19 pandemic illustrated the reality that addressing misinformation during
public health emergencies requires concerted effort and cooperation between many partners. By
leveraging technology, interdisciplinary expertise, and community engagement, we can improve
public health outcomes, and foster informed decision-making amidst complex and evolving
health challenges. The results of this dissertation provide a starting point for future research
investigating infodemics and misinformation more broadly in the in hopes of building towards a

more prepared, informed, and resilient Alaska.
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Appendix A: Supplemental Material

VH- AP

Start of Block: Default Question Block

Q1 Welcome to a UAA survey for Alaskans on Health Concerns!

Please select the box to indicate you are a human.

Page
Break
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Q3 First we are going to ask some questions about you and your background.

Q4 What is your sex?

Male (1)

Female (2)

Decline to answer (3)

Q5 What is your four-digit year of birth? (YYYY)
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Q6 What is your primary race?

Alaska Native / American Indian (1)

Asian or Pacific Islander (2)

Black (3)

White (4)

Other (5)

Decline to answer (6)

Q7 What is your highest level of education?

Less than high school (1)

High school diploma or GED (2)

Technical Training Certificate (3)

Some college (4)

Associate's Degree (5)

Bachelor's Degree (6)

Graduate Degree (7)

Decline to answer (8)
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Q8 What is your current employment status? (select all that apply)

Full time (1)

Part time (2)

Not employed in the paid workforce (3)

Retired (4)

Disabled (5)

Decline to answer (6)

Q9 What is your total household income? (all sources of income)
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Q10 What type of health coverage (or insurance) do you have? (select all that apply)

Indian Health Service (1)

Medicaid (2)

Medicare (3)

Private Health Insurance (4)

Veteran's Benefits (5)

Uninsured (6)

Decline to answer (7)

Q11 What is your home zip code?

Page
Break
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Q12 Do you consider yourself a religious person?

Yes (1)

No (2)

Decline to answer (3)

Q13 Which best describes your political views?

Conservative (1)

Liberal (2)

Moderate (6)

Not political (3)

Other (4)

Decline to answer (5)
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Q14 Were you born in Alaska?

Yes (1)

No (2)

Decline to answer (3)

Page
Break
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Q15 Next, we ask you to read a brief history on vaccines in the United States.

Q16 Vaccines have been used for almost 1,000 years beginning with a smallpox protection
using scabs of infected persons to protect uninfected persons in Turkey, Africa, and parts of
Europe in the 1100s. Almost 700 years later, this process was introduced in Great Britain and by
1798, the first vaccination was created against smallpox. Before 1900, vaccines were available

for rabies, diphtheria, cholera, typhoid, and the plague.

In 1902, vaccine safety became regulated in the United States due to deaths in 1901 from
contaminated vaccines. Once approved, vaccines continue to be improved for easier
administration, (for instance a nasal mist), to increase protection (multiple types of virus), reduce

side effects (dosage, needle size), and to improve safety.

Between 1915 and 1995, vaccines were approved in the US for whooping cough (pertussis),
influenza, tuberculosis, yellow fever vaccine, tetanus, polio, measles, mumps, hepatitis A,
hepatitis B, meningitis, and chicken pox. During this time, in 1947, combination vaccines were

created and approved, including diphtheria and tetanus as well as measles, mumps, and rubella.

In 2005, the first meningitis vaccine was approved in the US, following by the shingles vaccine
(for persons 50+ in 2006). In 2014, the human papillomavirus (HPV) was approved to prevent

viral transmission as well as to prevent more than 90% of cancers caused by the virus.

In the US, measles, polio, rubella, pertussis, mumps, and other diseases were eradicated and/or
severely reduced in their transmission. Given the success of vaccination programs in the US and
other nations beginning in the early 20th century, you are probably here because an ancestor

received a vaccine.

The most recent vaccine developed was against COVID- 19. Researchers estimated that in the
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US, between December 2020 and November 2022, the COVID-19 vaccine prevented more than
3,000,000 deaths and over 18,000,000 hospitalizations. Of the more than 670,000,000 doses of
the COVID-19 vaccine, there have been preliminary reports of 19,224 deaths of persons after

receiving a vaccine. After investigation, 9 deaths have been found to be associated with the

Johnson & Johnson vaccine.

Page
Break
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Q17 Next, we ask you about your thoughts on vaccines.

Page
Break
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Q18 I trust medical providers when recommending vaccines for adults (18 years or older).

Strongly Agree (1)

Somewhat agree (2)

Neither agree nor disagree (3)

Somewhat disagree (4)

Strongly disagree (5)

Q19 I trust medical providers recommending vaccines for children (under 18 years of age).

Strongly Agree (1)

Somewhat agree (2)

Neither agree nor disagree (3)

Somewhat disagree (4)

Strongly disagree (5)
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Q20 All vaccines contain dangerous chemicals.

Strongly Agree (1)

Somewhat agree (2)

Neither agree nor disagree (3)

Somewhat disagree (4)

Strongly disagree (5)
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Q21 Which vaccines do you believe are safe? (select all)

Chicken Pox (US approved in 1995) (1)

COVID (US approved in 2022) (2)

Flu (US approved 1942) (3)

Hepatitis A (US approved 1995) (4)

Hepatitis B (US approved 1991) (5)

Human papillomavirus (HPV, US approved 2014) (6)

Meningitis (US approved 2005) (7)

Pneumonia (US approved 1983) (8)

Shingles US approved 2006) (9)

Measles, Mumps, & Rubella (US approved 1947) (10)
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Q22 It is better to develop immunity by getting sick, rather than getting a vaccine.

Strongly agree (1)

Somewhat agree (2)

Neither agree nor disagree (3)

Somewhat disagree (4)

Strongly disagree (5)

Q23 I have gotten a flu shot since August 2022.

Yes (1)

No (2)

I intend to get my shot. (3)

Decline to answer (4)

Q24 I have been vaccinated against COVID.

Yes (1)

No (2)

Decline to answer (3)
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Q25 I have received at least one COVID booster.

Yes (1)

No (2)

Decline to answer (3)

Q26 To protect all children, teachers, and staff, vaccines should be required in public

schools.

Yes (1)

No (2)

Decline to answer (3)

Q27 Vaccine exemptions should be allowed in public schools for (select all)

Religious reasons (1)

Parental freedom of choice (2)

Documented medical reasons only (3)

There should be no exemptions in public schools (4)
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Appendix B: Supplemental Material

w Version Date:

Y O 12.21.2023 Fonm
AE I:: Varsiom: §10.00.4

TUNIVERSITY OF ALASK A FAIERBANKS
THE IMPACT OF AMISINFORMATION ON THE COVID-12 RESPONSE IN
ALASKHA
Adulf Conzent Form

This form can be read to you if you aszlc

This form will tall youn about 2 resaarch stdy vou can join. This study is being dane by the Universio: of
Alzcka Fairbanks 2z part of 2 PhD stodent’s rasearch. If vou have questions, please ask. Take 2 muach tims
as vou need to decide. If vou choose to be in the study, vou will nead to sizn this form.

EEY INFOERATATION
Yhat is the purpose, proceduores, and duration of the study?

The purpase of this stmdy iz to myvestigats the impact of misinformstion on the COVIT-19 rezponse m Alasks.
This stady will enroll 2baut 20 subjects, who will be intarvieaed in 2024, YVou are being asked to participate
in this shady because vou have been identified as part of the COVID-19 responze. Interviews will foows an
your experience of misinformation az 3 COVID-19 respondar. Intervisnws will last approsimatsly 30 minates
and will take place at 2 schaduled time, coordinated hetween vou and the researcher. We will ask zeveral
questions ghout the bamiers and challsnge: of mizsinformation and your experiences with thosze
barriars/challenge:.

Yhat are the possible risls and discomiforts?

Participation in this study has very minimal rsk. Participation will imvolve talking about COVID-19, which
may produce emotions] distress. Additionally, the time imwolved in participating in this stady may be 2 minor
incarvenience in your daily routine. Thers is Eﬁm minimal chance of contracting COVID-19 as 3 result of
participating in thiz stady. A contactless imterview spproach based an phone calls and video confarences will

be prefarred to limnit rizk:

Will vou benefit from taldns part in thiz studv?
The direct benafit for study subjects is the opporfunity to copiribate wiges mowledze and first-hand
exparience n an effort to addresz COVID-12 misinformation in Alsska

Yhat i= the name of this rezearch sindy?
The Impact of hlisinformation on the COVID-19 Bezponse in Alaska

Yihv is this sindy being done?
This study is being done to gzin 2 better underztandmg of how mizinfonnation skoat COVID-19
affectad healthcare, public health and other actors.

Yihat ix the =oal of the study?
The goal of this stody is to mvestigate the mpact of misinformation on different parts of the COVID-
19 responss in Alaska
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VWhy am I being ssked to be in the stody?
Tom are beims asked wo volunearily participate i chis midy becawse vou have e jdemtified ae
an maportant part of the COVID- 10 reepancs,

Vil shouwld oof be in the atudr?
Ifvan are under 15 vears old er do not speak Enslish flaenely:.

Thic giudy baz beea ap;um‘e:l v thea -‘ﬂask.a -!:ea Inzttrdonal Feview Board (IEE). IEE: review prapozad
stadies to make aure they follow federal remalations for the pratection of humar participarts ia recearch,

Yihoe i inpe thi: stody?
Furding far thic study in coonimg farn the Matonal Soence Foundation.

IE".'I:II.'lrd.E.'.I.d.E tohe 1I'.'I.'ﬂ'.'|.l!- m-:h wa mill a.r.k'-n:mtn do 551Hslth.mg!.
Sien this comaent farm caordinate with the researcher to schedule zn imreniem tites, participate ma
5{0- pnimte mteTvieny, provide your enail to recedie 8 30 gift card for vour parcipatiag,

Wi i ZBE OF ¥
He.

Hem: many people will be in the sfudr ¥
o)

Heny mawch of oy time will this study tale?
1 haur. 20 manntes far the mtemdeay and 30 minotes for scheduline and reviewine the cansent fanm

How mauch fime will the whele stody fake?
Apprazimstely 1 vear,

I3 there aov sk or discombort from the smdy?

Potertial loes of canfidertiality is 3 dek of participarmg iv this shady, thewsh we will make every affart to
Feevent amyvare wha i oot oo the ressarch sam fFom kmowing that vou gave mftrmation, or what the
infarmatiaa ic. Partcipents will not b= told amy imfomreation about ocher parficipanez. The mbonmatias that
vau give will biot ke need in any firtore studiea, erex if persomal idertifiers are remorad.

This liar frie= ta articipate ary potencial peks the stady has, hoavever, there moay be 2ame risks that ame
ourenthy IEkna T

Fizka of 3 zhady 1o 3 comammamics are nat alt'.':ﬂ:'.'s Iman. The peapla Imelved in this shady have worked
cleaehr with the University of Alaska Fairbanks to meke a plan to leszen the bk ofhana ta voar

comnnmire, Thic plak savs sl prezentstiors or publicaton: xeast be approved by Taiversie of Alazka
Fairhanks leaderzhip.

]

There will be na direct benefits tovow bt the shwdy will belp us learn more abaut musmfoonstion o
the CONVIT-19 panderaic.

Wil I be paid to be in the smdy?

Page 2 of b
“Wersion Diate: 12.20.2023
Fonn Versjom: $10.004
Comeen: Fome for The Dmpact of hlisinfermation on the COTO-10 Rezponce in Alaabm

143



“es. Participants will receive 330 I gift cards for wour tires and incanvenience. il cards will Be sent o
the parbcipant withis 2 mesks of interviay completon.

Yiho will be able to zee my records?
The reaearch tezin will nat access any of vour tredical records far this study:

Hey nill vou prodect noy coafidemiiality?
All infomveation will be keps confidendal tothe exmeat that iz pozaible. Infrrstios woe collect Farm vou
will be atored with vour study idendfcation nwnber, 411 idencifahle information il be stored an & secars

2uline server aad auly tha docoral shudert and tha principal adiizar vl have access to i, Suwremary data
that cam o lomeer be cormecied ta vaa will Bet be used for foture research. Comzent fomas and any
infonmatian collecte=d oo paper will be stared in locked cabinets amd electronic data in pasgweiord protected
secume comarter fles. Dara will be kept for at Least 3 vears afler the fundme peripd ends, It may be kept
lmeer, bt all protectons of the data pmst #tay ia place. Diata will be complataby gestrenved when it is oo
lmeer needed

Cenremronent aeaff somerae s review 2midie: swch as this one to make sare thay ars being dope safely and
lemally. IT a pamieny of tiz shudy cabees place, yioor records mea be emamimed. The revievers will protect
I PrivECy.

i ens b0 the fro atudy?

Feeqults fiora this study will not be givens to mdivideal particioan:e, however they will ba available s cpen
aqurce peer-reviewed joarnsls which can be viewed auline Wames will not appear i amy repart or papers
resuldng motn this shedy. All results thar are made public will be sarrmary pezaalts, thew will nat raport
m'ﬂ:lmrthatum]d identifv a perzon. [ ary significant nevy mformation ‘ghout COVID-18
muzinfonmatian o Alazks cames qut and ic related tovour oallineness 10 parbcipane ia thiz research
research staff will infarm o,

Diata mill be retained indefingtaly at the Anctic Dara Center. The Tiniveraity of Alaska Fairhanke retains the
link beween idenrifisrs 2ad uniqua razaarch subject idencifTers for G vears after the shudy clo2e: for the
parertial bevedt to the rezeanch participemt Papers will be written for publication in acennific literanae.
Toeze papers will be eviewed ard approved bor the publizher hefore beins published.

Can 1 refuse tiv be i the »tudy?

s, taking part ia this stwdy is v chedoe. IEvma da decide to join the shicy, vau can Jeave it at any tirae.
There are bo consequences for leaving the smdy. Ta da 20, vou cea comtact the rezearcher at the email
beloy. Yaur decizian will have ao irmpact an ymr medical care,

Vihe do 1 call if T heve questisn: leter oe T decide to leave the shedv?

IE v have aimy questons of shadv-related inpmes ot nmnla.l:ntl ,¥OUL maay cowtact the Prncipal
Imemsatnr ar the ca- Principal tvestiaator:

{Dr. Arleigh Revmolds, girsvnoldeialaska ey
Bwnily klznwell, elarmovellZalases sdu}

IE vou have s questians abaut vour rzhts ac a shady parbcipad, oo may call the Alacka Area
Inadtabonal Feview Eoard (A AIEE):

Tvagnne B Tanape-Dinuce, ASIRE Adminictrator
7-729-2024 foolledt calls accepted)

glcaalackaareaT B @anthc org
Dr. Shanda Lahse, 3 ATRE, Chairperson
glcsslackaarealRB @anthc org
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Fage d of &
ersiom Diate: 00.20.2021
Foon Verziom: 6103004
Come2en: Fona for The Iimpact of hhsinfermation oo the CCTO-10 Razpatce in Alasksa

To ke in this studr, please 3ipm vowr initials in the appropriate box and then sign the Satpniemni
balowy,
1 szree 1 disagres

Pl iviged Plaiaee imitie!

1. CONSENT FOR FUTTIEE CONTACT

I have read or bean told about this research smady and all of my qoesdens heve bren anovered ta noy
cabi=factian I hawe been piferad 3 copre of thiz conzawnt I Bgree e be i the fudy.

Fame of partcinan:

Cirnatore of Parmicipant: X

Drate:
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Appendix B.2: Supplemental Material

The Impact of Misinformation on the COVID-19 Response in Alaska
NSF#2309906
Stakeholder Interview Guide

BEFORE BEGINNING - HAS CONSENT FORM BEEN SIGNED?

Interviewees: Key informants who had decision-making or response roles related to the
COVID-19 response in Alaska (e.g., school officials/staff, communications officials,
emergency responders/managers, community health workers, healthcare providers, tribal
state/municipal/local government leadership, media, pharmacists, and public health officials in
Alaska etc.)

Interviewer name: Emily Maxwell

Preamble:

Hi XX. Thank you so much for taking the time out of your day to participate in this study, I
really appreciate it. Like I said in the email, my name is Emily Maxwell and I am a PhD student
in the interdisciplinary program at UAF. I am studying epidemiology, and I am researching the
impact of misinformation on the COVID-19 response in Alaska. As part of the project, I am
interviewing people who were involved in the COVID-19 response. The interview will be about
30 minutes and I will ask you a series of questions, but there will also be room for you to provide
additional information that isn’t specifically asked.

To give a little background, for my research I am using a specific definition for
misinformation: “information considered incorrect based on the best available evidence from
relevant experts at the time”. That said, for this interview, the definition of misinformation will
be somewhat subjective, and you can answer the questions with your own definition in mind.

I will not attribute any of your statements to you or identify you in any other way such as
stating your specific place of work or job title. Throughout the interview if you have any
questions or need clarification, please let me know. If you are uncomfortable with any questions,
let me know and we will skip that question. Do you have any questions before we begin?

Great. [ will go ahead and hit record.

Section 1: Professional Role

1. What is your name?

2. During the COVID pandemic, what was your organization and title?
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Section 3: Experiences with Misinformation and COVID-19

1. Would you describe your professional role during the pandemic response?

2. Can you describe any times where you came across COVID-19 misinformation in your
professional role?

How many times/how frequently did this happen?

3. Can you describe any ways that misinformation impacted your ability to do your job?
Probe, if needed.

4. Aside from [describe what they have discussed so far] can you think of any other impacts
of COVID-19 misinformation that you noticed in your professional role?

If yes, please explain.

5. Did COVID misinformation have any impact on your mental health, either directly or
indirectly?

6. Can you describe any active steps you took to counter misinformation in your
professional role?
Did you face any barriers when taking those steps? If yes, please describe.

Overall, do you feel your organization supported you in taking those
steps?

Why or why not?

7. In your opinion, how could [insert participant’s organization type (i.e., health agencies,
THOs, nonprofits, etc.)] make combatting misinformation easier?

8. In what ways did your organization take steps to counter misinformation?

9. Do you feel your organization’s response to misinformation was adequate? Why or why
not?
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10. Can you think of any information/tool/partnership or other form of support that would
help manage misinformation in the future that was not available during the pandemic?

Section 4: Wrap-up

11. Is there anything else you would like to add about your experience with COVID-19
misinformation in your professional role that we haven’t touched on?

12. Do you have suggestions for other individuals who had a decision-making or response
role related to COVID-19 whom you think we should speak with?

Thank you very much for taking the time to participate in this interview. I will end the
recording. Your responses have been very helpful, and I think having your perspective is going
to add a lot to the study. You should receive an email shortly with an Amazon giftcard as a small
thank you for your help. Have a great day.
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Appendix C: IRB Approvals
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