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PART I: Vaccine Sentiments

(Social Media)

Chen, Q. and Crooks, A.T. (2022), Analyzing the Vaccination Debate in Social Media Data Pre- and Post-COVID-19 Pandemic, International Journal of Applied Earth Observation and 1
Geoinformation, 110: 102783. doi:10.1016/j.jag.2022.102783
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Disease outbreaks have significant impacts on our lives.

The accompanying impacts (positive or negative) have
gradually taken root in people’s consciousness, resulting
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It becomes crucial to understand the vaccine perceptions in
order to enhance vaccine coverage.
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Objectives

Analyze dynamic vaccine sentiments in SPACE and TIME based on Social

Media Data over a long-term period by leveraging Machine Learning techniques.

Research questions:

What is the dominant vaccine sentiment before and after the outbreak?
Did vaccine sentiment change over time and where did such changes
take place?

What are the relationships between different vaccine sentiments and
the actual vaccination rates?

Direct policy implications:

The effectiveness of strategies for enhancing vaccine uptake and
Immunization coverage;

The psychological, social, and political factors that sustain public trust
n vaccines.



Objectives

Analyze dynamic vaccine sentiments in SPACE and TIME based on Social
Media Data over a long-term period by leveraging Machine Learning techniques.
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Methodology: Data Acquisition

Keywords: Vaccination and their derivatives (e.

‘vaccine”

Twitter Data

‘vaxx”’. “vaxine”

e Jan 2015 — July 2021 (~ 12 million tweets sent by 2 million users)
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Results & Discussion

e The rate of “Anti-vaccine” users approached the

}Saiz?i):lzz q Number of Users Number of Tweets highest point in 2020, then slightly shrank in 2021;
Pro-vaccine 12,055,959 (56.97%)} 7,190,846 (61.58%)  The uptake of the coronavirus vaccine(s) in some
Weutra! 129,806120.32) 2,138,201 (15:457%) cases is accompanied by various side effects;
Anti-vaccine 822,926 (22.8%) 2,327,495 (19.93%) ’

Before COVID-19 * Coincided with Yousefinaghani et al.’s (2021) results
Pro-vaccine | 544,365 (61.56%) ! 1,655,642 (60.56%)

Neutral 161,609 (18.28%) 457,925 (16.75%)
Anti-vaccine | 178,339.(2017%) ' } 620,103 (22.68%) v E—
After COVID-19 - . .
Pro-vaccine | T 1,631,444 (562%) | 5,535,204 (61.89%) L —
Neutral 595,655 (20.52%) 1,700,346 (19.01%) o e
Anti-vaccine [ 7675,706 (2328%) ' 1,707,392 (19.09%)

Before COVID-19

Anti-vaccine

The positive vaccine sentiment was the dominant opinion

The rate of “Pro-vaccine” users decreased after the

Outbr e ak ( 6 1 . 5 6 % 9 5 6 . 2 0 %) 60% 40% 20% 0% 20% 40% 60% 20% 0% 20% 20% 0% 20%

After COVID-19 After COVID-19 After COVID-19
Pro—vaccine Neutral Anti-vaccine

The percentage of “Anti-vaccine” users revealed a
modest increment after the outbreak (20.17% = 23.28%).

The outbreak indeed moderately shifted public attitudes
towards vaccination.




(a) Spatial distribution of odds ratio of “Pro-vaccine” users
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Results & Discussion

Online v.s. Offline

Online: “Pro-vaccine’” users online

Offline: Actual vaccination rate
[Our World in Data (Ritchie et al., 2020)]

Odds ratio: to alleviate size-related
1Ssues;

* Geographic difference in Pro-
vaccine sentiment on Twitter: MA,
CT, VT, CO, WA, NY had
relatively higher Pro-vaccine odds
than other states —> relatively
complete health system;

 Follow a similar trend to that of
the actual vaccination rate;

* A positive correlation (R = 0.67)

The proposed approach for identifying positive vaccine sentiments online can be used as an

indicator for evaluating offline vaccination rates.




PART II: Vaccine Comparison

(Social Media)

Chen Q, Croitoru A, and Crooks A.T. (2023), A Comparison between Online Social Media Discussions and Vaccination Rates: A Tale of Four Vaccines. DIGITAL HEALTH, 9: 1-16.
doi: 10.1177/20552076231155682.
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Basic premise: social media can impact human behavior.

* This use of online platforms not only impacts the vaccination discussion itself;

* but also more broadly the way by which vaccine related information is
consumed and produced.

Understanding the dynamics of public attention among competing
themes for attention in the context of vaccination.

* How public attention be reshaped/allocated when different public health issues
are prominent on social media?

* How public attention compares to actual vaccination rates?

Objectives



Methodology

Four vaccines: COVID-19, Influenza, Measles, Mumps, and Rubella (MMR), Human Papillomavirus (HPV)
* COVID-19: impacts on the current world order
* The other three: the robust nature of the debate around them in recent years before the emergence of
COVID-19

* Public availability of authoritative data on their respective vaccination rates.
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Results & Discussion

The quarterly distribution of percentage of users by different vaccine discussion (2015 to 2021)
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Shows how the public’s attention, while being finite due to the zero-sum
theory, switches from one vaccination to another over time.

o Isthalf of 2015: MMR dominated (measles outbreaks in CA)
o 2nd half of 2015: Influenza during the winter period

o End of 2019: COVID-19 vaccine & maintained dominance until 2021

» The media has the capability in shaping people’s
agenda/priority of issues, that public attention is finite.

» The public is uncomfortable in new settings until they
achieve some degree of orientation to their new
surroundings. 10



Results & Discussion

The quarterly distribution of percentage of users by different vaccine discussion (2015 to 2021)
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o Demonstrates a cyclical pattern, with peaks generally occurring
during the winter flu seasons before COVID-19 outbreak.

o A smell peak during winter flu season in 2020 under the
dominance of COVID-19 vaccination debate.

A potential association between COVID-19 and flu
vaccines that may result from the perceived similarity
between the two illnesses (e.g., similar symptoms)

10



Results & Discussion

Vaccine discussions on Twitter & growth rate of the actual vaccination
rate from CDC (a) COVID-19; (b) Influenza; (c) HPV; (d) MMR.
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apparent patterns in their trends in Twitter and actual vaccination discussion) on social media has the potential to affect the
rates public’s behavior on another issue (e.g., flu vaccine
uptake)

* Do observe a periodic change in the influenza vaccine, peak rate
of flu vaccinations emerges close to the peak of the flu vaccine
discussion on Twitter

 Network Agenda Setting: the role of cognitive
components in the process of representing reality
o Information describes the symptoms or the vaccine



Results & Discussion

Vaccine discussions on Twitter & growth rate of the actual vaccination
rate from CDC (a) COVID-19; (b) Influenza; (c) HPV; (d) MMR.
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The more frequently two issues are associated within the media
(e.g., COVID-19 & influenza share certain similarities), the more

likely they are be perceived as interdependent on the public agenda
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PART III: Vaccine Community Engagement

(Mass Media)

(Ongoing project)



e e e e e

Objectives

Covid-19 Vaccine
e e o S S S0 S S5 S S S e S o S, S o e S St S S S s S S s S . e e S S St S e EeEssssasasass ~
:s- ] O [®)
= [ami]
Newspapers - Interviews/survey

N\
I
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
]

What is the link between community
engagement?

What Topics Were Discussed On Newspapers?

\

How Do The Topics Vary Across Regions?

P ——— ———
—————— —

—— — — — — S R S S S S S S S S S S S S S S S S S S S S R S S S S R S S S S R R S S S S R S S S S S — —

How the study could be leveraged to better understand pandemics?

N o o o o ——— — — — —— ——— —— —— ———

13



Methodology

 Data: all newspapers in the United States collected from Factiva!

o ~83K news articles
* Time period: Jan 2020 — Dec 2021

 Keywords: (vaccine, vaccination, Pfizer, Moderna, Novavax, Janssen/J&J) AND (covid, covid-19,

covid19, coronavirus)
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! Factiva is a powerful database system which provides current and retrospective news stories, periodical articles, and financial data from thousands of sources worldwide, 14

covering virtually every subject category.



Methodology

Topic Modeling:
* Used for discovering the abstract topics that occur in a collection of documents

« LDA (Latent Dirichlet Allocation): one of the most popular algorithm (efficient, highly

interpretable topics)
Next Topic | _Clear Topic Slide to adjust relevance metric:(? T

Selected Topic: 1 Previous Topic
A=1 0.0 0.2 0.4 0.6 0.8

Top-30 Most Relevant Terms for Topic 1 (13.2% of tokens)

Intertopic Distance Map (via multidimensional scaling)
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Summary

/ * These studies show how can we use machine learning and NLP techniques to
understand vaccination debates and public responses, especially the
combination of analytical latitude offered by multi-media data;

* QOur findings emphasizes that we can not only identify people’s sentiments
towards diverse sets of public health issues, but also link such analysis to
places over time;

* We hope these studies could provide insights into emerging topics in public

health. /
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