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Introduction
COVID-19 has had devastating e!ects worldwide. 

According to the World Health Organization, at the 
time of writing, there have been close to 300 mil-
lion con"rmed cases, including more than 5 million 
deaths globally (World Health Organization, 2021). 
In response, there were extensive e!orts to develop a 
vaccine with research beginning in January of 2020. 
Less than 11 months later, vaccine distribution start-
ed, making it the fastest developed vaccine in history 
(Kuter et al, 2021). Despite such rapid development, 
vaccination rates have not increased su#ciently main-
ly due to vaccine hesitancy. According to renowned 
Canadian physician and professor Noni McDonald, 
vaccine hesitancy is de"ned as:

“A delay in acceptance or refusal of vaccination de-
spite availability of vaccination services. Vaccine hesi-
tancy is complex and context-speci"c, varying across 
time, place, and vaccines. It is in$uenced by factors 
such as complacency, convenience, and con"dence” 
(MacDonald, 2015). 

Vaccine hesitancy is not a new phenomenon; in 
2017, a measles outbreak occurred in Minnesota due 
to low vaccination rates (Petraco, 2019). However, 
vaccine hesitancy has been particularly widespread in 
the case of COVID-19 vaccines because of the politi-
cal polarization that has been associated with it (Jiang 
et al, 2020). To combat low vaccination rates, the fed-
eral government implemented vaccine mandates. On 
November 4, 2021, the white house announced the 
"rst federal level vaccination mandate for the private 
sector (%e United States Government, 2021). %is 
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was met with considerable controversy, and on Janu-
ary 13, 2022 the Supreme Court blocked this mandate 
(Breuninger & Kimball, 2022). Even so, individual 
states as well as private businesses are still enforcing 
vaccinations and therefore, it is important to under-
stand how these mandates play into vaccine hesitan-
cy. Proponents of vaccine mandates argue that these 
mandates will normalize the COVID-19 vaccine and 
encourage people to get vaccinated 

(Ashwell et al, 2021). However, there has still been 
much opposition from those who are vaccine hesi-
tant. In order to investigate this phenomenon, social 
media has been used extensively to understand public 
perception, speci"cally in the case of the COVID-19 
vaccine. 

Social Media Analysis 

Social media has proven to be a very useful tool in 
understanding public sentiment towards COVID-19 
vaccines because so many Americans use it frequently. 
According to the Pew Research Center, over 70% of 
American adults use at least one social media site 

(Pew Research Center, 2021). Speci"cally, Twitter 
has been used to understand public sentiment in re-
gards to public health and infectious diseases due to 
low costs associated with this type of research as well 
as its e!ectiveness (Sinnenberg et al, 2017). With re-
spect to the pandemic, it has fueled vaccine talk and 
opinions, which makes it a prominent tool in helping 
to analyze COVID-19 vaccine sentiment within the 
US (Featherstone et al, 2020a,b). Particularly, it has 
aided in understanding vaccine hesitancy. However, 
because of the extensive amounts of data provided 
on this platform, it becomes impossible to conduct 
analyses by hand. Instead, researchers frequently use 
machine learning models to understand vaccine sen-
timent and themes behind vaccine hesitancy. 

Literature Review
Overview of Literature 

Because of the controversial yet essential nature of 
the COVID-19 vaccinations, it is important to con-
duct research to understand vaccine sentiments and 
underlying reasons for vaccine hesitancy. By under-
standing the causes of vaccine hesitancy, a "rst step 
can be taken to "nding e!ective ways to communicate 
the necessity of getting vaccinated to the unvaccinated 
population. %erefore, in order to comprehend this 
topic, researchers have been trying to study vaccine 
hesitancy since the vaccine was "rst manufactured 
(Boucher et al, 2021). However, results have been 
mixed. Some past research has suggested that nega-
tive vaccine sentiment has generally declined as time 
progressed (Hu et al, 2021). However, others have 
revealed that there is a $uctuation in negative senti-
ment, with it declining as positive vaccine e#cacy 
news came out, but then declining a'erwards de-
spite no major correlation factors (Fazel et al, 2021). 
As such, it has been di#cult to determine the level 
of negative public opinion towards COVID-19 vac-
cines. Furthermore, there has also been research con-
ducted, especially through social media, to discern 
speci"c reasons for vaccine hesitancy with respect to 
COVID-19 vaccines. A review of literature regarding 
COVID-19 vaccine sentiment conducted at the Sul-
tan Idris Education University revealed three major 
themes for vaccine hesitancy: concerns regarding the 
vaccine itself, mistrust in institutions, and individuals’ 
social attributes 

(Almoodi et al, 2021). %ese will be further dis-
cussed in the following sections.

Vaccine-related 

%e "rst major theme—also the largest one—is 
speci"cally vaccine-related. %is includes e#cacy of 
COVID-19 vaccines, people’s con"dence in them, and 
vaccine safety (Almoodi et al, 2021). One study led 
by Jean-Christophe Boucher, a reputable researcher at 
the University of Calgary used sentiment and seman-
tic analysis of Twitter data using machine learning 
at the time when successful vaccine trials were "rst 
announced to understand vaccine hesitancy. %ey 
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found that there were many concerns online regard-
ing harmful side e!ects of vaccines and also a lack 
of con"dence that the vaccine would be e!ective in 
ridding the population of COVID-19 (Boucher et al, 
2021). %ese reasons largely stem from the fact that 
the vaccine was created so quickly, and as such, many 
people who are vaccine hesitant are afraid that there 
may not have been enough time to properly create an 
e!ective vaccine (Paul et al, 2021). Advocates of the 
vaccine argue that this is untrue since the fast devel-
opment was due to previous research accumulated 
over years, in addition to cooperation of world lead-
ers and plenty of funding (Kuter et al, 2021). Overall, 
these studies were mostly conducted when the vac-
cine was "rst developed, and as such, there has been 
high uncertainty regarding the long-term impacts of 
the vaccine, though it is likely to change over time. 
%erefore, more research needs to be done on vaccine 
sentiment at the later stages of the pandemic when the 
vaccine has been more widely distributed. 

Mistrust in Institutions

Another major theme present in previous literature 
regarding reasons for vaccine hesitancy is mistrust 
in institutions which includes mistrust of the media, 
international organizations (e.g., pharmaceutical 
companies), as well as the government—local and 
federal. In Boucher’s social media analysis, he found 
that there was a large proportion of tweets which ex-
pressed criticism of the government and multination-
al corporations’ actions to limit individuals’ freedom 
to get vaccinated (Boucher et al, 2021). %is, in turn, 
led many to be distrustful of large businesses such as 
those in the pharmaceutical industry and the govern-
ment. Speci"cally, one longitudinal study conducted 
by Ariel Fridman looked at the in$uence of political 
parties on trust in the media and government. Re-
sults revealed that Republicans were more likely to 
have mistrust in the media and government, which 
was closely correlated with their lack of con"dence in 
the COVID-19 vaccine, while the opposite was true 
for Democrats (Fridman et al, 2021). %us, due to 
widespread mistrust, which is in$uenced by the po-
liticization of the vaccine, forceful actions taken by the 
government to promote the vaccine, may have major 
negative consequences in regards to public perception 
of the vaccine. 

Individuals’ social attributes 

Individuals’ social attributes also play a big role in 
vaccine hesitancy. %is ranges from one’s socioeco-
nomic status, level of education, to political a#liation. 
A study conducted by Chen Luo analyzed Chinese and 
American sentiment toward the COVID-19 vaccine 
through a cultural perspective. In general, US citizens’ 
individualism, as opposed to the collectivism present 
in China, are one of the main drivers of vaccine hesi-
tancy (Luo et al, 2021). While level of education and 
"nances do not have a strong correlation with vaccine 
hesitancy, social cohesion and politicization, which 
are further in$uenced by the fact that Americans have 
more individualistic views, play an important role in 
vaccine hesitancy (Paul et al, 2021).  More speci"cally, it 
has been revealed that liberals express the least amount 
of distrust and vaccine hesitancy, while the opposite is 
true of conservatives (Jiang et al, 2021). Because of the 
heavy in$uence of political polarization fueled by the 
Americans’ individualistic mindsets, critical announce-
ments made by political leaders are one of the major 
contributors to swaying public opinion on vaccines one 
way or another (Hu et al, 2021). %erefore, the vaccine 
mandate that President Biden implemented in Novem-
ber of 2021, could have had major impacts on public 
sentiment of the vaccine. 

Although there has been research conducted on 
vaccine hesitancy in the past, it still needs to be in-
vestigated more thoroughly in order to get a more 
complete understanding of causes behind vaccine 
hesitancy. According to the Centers for Disease Con-
trol and Prevention (CDC) at the time of writing, 
close to 40% of the US population have not been fully 
vaccinated while there is still an average of more than 
500,000 COVID-19 cases each week (Centers for Dis-
ease Control and Prevention, 2022). As such, it can 
be seen that vaccine hesitancy is still prevalent and 
needs to be more thoroughly investigated in order to 
implement e#cient interventions to increase vaccina-
tion. Furthermore, because of the politicized nature 
of the COVID-19 vaccines, vaccine mandates, imple-
mented to increase vaccination rates, may not be very 
e!ective. Speci"cally, there has been speculation that 
vaccine mandates could potentially be related to nega-
tive sentiments toward the vaccines themselves (Paul 
et al, 2021). Despite this, there has been little research 
exploring vaccine sentiment with respect to the fed-
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eral vaccine mandates passed in the US. To address 
this gap, this study aims to look at American vaccine 
sentiment on Twitter, and particularly understand the 
reasons behind vaccine hesitancy at the time of the 
"rst private sector federal vaccine mandate in the US. 
%erefore, the question emerges: What are the reasons 
behind negative sentiment towards the COVID-19 
vaccine as expressed by Americans on Twitter at the 
time when the "rst federal vaccine mandate for the 
private sector was implemented?

Methods 
To address the question, similar to previous social 

media analysis research, this study also makes use of 
machine learning models in order to understand vac-
cine sentiment and hesitancy. Particularly, this research 
uses two pre-trained models which perform sentiment 
analysis and topic modeling. Sentiment analysis is the 
process of identifying the overall sentiment, while topic 
modeling analyzes major themes of a corpus. In ac-
cordance with the aim of this study, I used a sentiment 
analysis model to determine the overall sentiment of 
each tweet in the dataset and then proceeded to con-
duct topic modeling on only the negative tweets to un-
derstand reasons behind vaccine hesitancy. 

Data Extraction and Cleaning 

%e Twitter data that was collected for this particu-
lar study came from between the dates November 04, 
2021—when the federal private sector mandate was 
"rst passed—to December 04, 2021—a month a'er 
the mandate was implemented. Although researchers 
frequently use the Twitter API to extract their data, 
many restrictions such as number of tweets and lack 
of access to historical data, made this a poor choice 
for the requirements of this particular study. In-
stead, the data used for this particular study comes 
from Kaggle, a reputable website which consists of 
numerous pre-curated datasets that are easily acces-
sible. %is speci"c Kaggle dataset contains just over 
730,000 English tweets with the keyword covid_vac-
cine curated from October 27, 2021 to December 31, 
2021 (Ozturk, 2021). %is study used the information 
columns of Tweet Content, User Location, and Date 
that were provided with the dataset. I "rst "ltered out 

the rows which contained tweets from November 04, 
2021 to December 04, 2021 and came from the United 
States since I am only focusing on American Twitter 
sentiment. I "ltered out the tweets using a combina-
tion of the Microso' Excel "ltering function and Py-
thon code. Next, I had to clean my data by performing 
a series of preprocessing techniques—removing all 
at-mentions, hashtags, links, and special characters 
from my data—in order to have it in a format that my 
data analysis models can understand. To perform this 
cleaning process, I used a few speci"c python librar-
ies, which include Pandas and Regex, in order to dis-
card the irrelevant information. 

Procedure/Analysis

A'er "ltering and cleaning the data, the "nal da-
taset consisted of a little over 57,000 tweets. Due to 
the large amount of data, it was impossible to analyze 
it by hand. As such, machine learning and arti"cial 
intelligence (AI) was needed to analyze the data.  Spe-
ci"cally, this research made use of natural language 
processing (NLP), a sub"eld of AI that deals with the 
interaction between computers and human language. 
Two di!erent tasks within NLP were performed: 
sentiment analysis and topic modeling. Sentiment 
analysis is looking at the overall sentiment of each 
tweet, speci"cally understanding whether the tweet 
is positive, negative, or neutral. A'erwards, particu-
larly focusing on the negative sentiment tweets, topic 
modeling was conducted to understand major topics 
being discussed amongst those who are vaccine hesi-
tant. Topic modeling is a model that is used to discern 
prevalent themes or topics being discussed within 
large bodies of text. 

%e method used in this study was modeled a'er 
Chad A. Melton and others’ research who analyze vac-
cine hesitancy on Reddit by sentiment analysis and 
topic modeling

(Melton et al). However, in contrast to to their 
use of the Textblob sentiment analysis model, this 
study uses the roBERTa pre-trained sentiment analy-
sis model which was trained speci"cally on Twitter 
data and thus, has a high accuracy rate. Additionally, 
Latent Dirichlet Allocation (LDA) Topic Modeling 
through the Gensim library on Python was used as 
previous research has identi"ed it to have the most 
relevant results for short-text data (Albalwi et al). 
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Results 
Sentiment Analysis          

A'er conducting Sentiment Analysis using the ro-
BERTa model, there were three output values for each 
tweet. %e output consisted of the percent positive, 
negative, and neutral sentiment that each tweet has on 
a scale from 0 to 1 (Figure 1). 

Sentiment Analysis re-
vealed that the majority of 
tweets in my dataset, 58.3% 
(n=33,679), were negative. 
%e second largest group was 
neutral at 33.2% (n=19,166), 
and the smallest was positive 
at only 8.5% (n=4,937) (Fig-
ure 2). 

%e mean and variance of 
scores for positive, negative, 
and neutral tweets were also 
calculated (Table 1). It can be 
seen that negative and posi-
tive tweets had similar score 
means which indicate that 
they had relatively the same 
strength of sentiment while it 
was a little lower for neutral. 
It also seems that positive and 
negative tweets have similar 
variances while, again, the 
neutral tweet scores have a 
lower variance.  

Table 1 

Figure 1: !is is a sample output for a tweet. Each value 
is on a scale from 0 to 1. Neutral+Negative+Positive=1

Figure 2. Using the roBERTa model, sentiment analysis results showed that a major-
ity of tweets were negative, with neutral being the second largest, and positive being 
the smallest group.

Negative Positive Neutral 

Mean 0.74 0.72 0.63
Variance  0.020 0.026 0.016

Table 1. Means for the negative and positive tweets were relatively similar with the score for neutral being a little 
lower. Variance was overall very similar for all three groups, but with neutral again being a little lower than the 
other two. 
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Latent Dirichlet Allocation (LDA) Topic 
Modeling 

%e sentiment analysis was followed by LDA topic 
modeling. %is was used to understand speci"c topics 
being discussed in the negative tweets to better ana-
lyze vaccine hesitancy. %e LDA model yielded a total 
of 15 latent topics. %is number, which was a param-
eter passed into the LDA model, was determined us-
ing the topic coherence score. Topic coherence mea-
sures the semantic similarity between top words in a 
topic to determine how closely related they are. Figure 
3 shows a graph which plots the number of topics 
against the coherence score. From this, it can be seen 
that the highest topic coherence score is at 15 topics 
and therefore, this was the optimal number to use for 
the LDA model. 

%e LDA model essentially generates multiple top-
ics, each of which represent a group of words within 
the corpus. In this case, for each of the 15 topics, the 
"rst 10 words were also displayed (Figure 4). How-
ever, the overarching themes for each were not im-
mediately recognizable. To interpret the themes, I 
looked at speci"c tweets that contained a few of the 

Figure 3. Graph of number of topics vs. topic coherence 
score. !e optimal number of topics can be seen at 15, 
the highest peak. !e coherence score at this point is 
around 0.30. 

Figure 4. Example of “Topic 8” is shown. To the le", the 
circles represent each topic with the size of the circle de-
noting its relevance to the corpus; the larger the circle, 
the more relevant. To the right, since we have selected 
Topic 8, the top 10 words in this topic are displayed.
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Overall Interpreted %eme Top 10 Words 
Topic 1 Child immunization and side-

e!ects 
vaccine, covid, death, child, keep, risk, state, 

trump, myocarditis, injury 

Topic 2 Side-e!ects and mistrust in phar-
maceutical companies

die, anyone, number, show, $u, money, lot, 
vax, school, drug

Topic 3 E#cacy and mistrust in pharma-
ceutical companies

fact, spread, life, country, family, nothing, 
month, booster, world, know 

Topic 4 E#cacy and mistrust in govern-
ment and pharmaceutical compa-

nies

don’t, year, infection, vaccination, see, protec-
tion, end, study, natural_immunity, governor

Topic 5 Mistrust in government and 
Work-related

get, everyone, didn’t, cause, let, they’re, age, 
worker, tweet, kind 

Topic 6 Mistrust in government and 
Work-related

virus, prevent, case, anything, lie, kill, won’t, 
tell, guy, employee 

Topic 7 E#cacy doesn’t, work, you’re, person, protect, help, 
source, hospital, start, talk 

Topic 8 Side-e!ects and Anti-vaccine 
mandates

mandate, mask, isn’t, someone, reason, news, 
choice, side_e!ect, feel, law

Topic 9 Mistrust in pharmaceutical com-
panies and work-related

amp, p"zer, health, immunity, rate, informa-
tion, business, jab, question, folk 

Topic 10 Mistrust in science and news time, way, issue, problem, look, medium, 
treatment, article, ppl, research

Topic 11 Side-e!ects and Mistrust in gov-
ernment 

thing, can’t, go, today, trust, cdc, report, can-
cer, week, none

Topic 12 Child immunization and Side-
e!ects 

kid, government, doctor, body, need, hospital-
ization, parent, remember, happen, response

Topic 13 Mistrust in scienti"c community 
and Anti-vaccine mandates 

take, day, something, think, care, science, 
freedom, refuse, community, line

Topic 14 Mistrust in news and scienti"c 
community  

stop, shot, disease, point, misinformation, 
post, scientist, yesterday, gonna, consequence

Topic 15 E#cacy i’m, part, make, word, bc, god, dr, wouldn’t, 
save_life, lack 

Table 2. !is table lists the interpreted theme and the #rst 10 words for each of the 15 topics. E$cacy, mistrust, 
side-e%ects, and anti-vaccine mandate sentiment themes seem to be the most common.
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top words (as generated by the model) in each topic. 
Table 2 displays the results for each topic. From the in-
terpreted themes of all 15 topics, four major concepts 
emerged. %ese were: concerns regarding e#cacy and 
side-e!ects, mistrust in institutions, and strong anti-
mandate sentiments. %is was evidenced by multiple 
tweets in the dataset during qualitative analysis. Ex-
amples of tweets that portray each of the four ideas 
are given in Table 3.

From the "'een topics, four major themes 
emerged. %e "rst theme was composed of four top-
ics out of the "'een (26.67%) and discussed concerns 
regarding e#cacy. %e second theme of side-e!ects 
consisted of four topics (26.67%) with two of these 
speci"cally focused on child immunization. %e third 
major theme, made up of 10 topics (66.67%) was mis-

trust in institutions. Within this theme, 40% of topics 
were mistrustful of the government, 40% mistrustful 
of the pharmaceutical industry, and 30% were mis-
trustful of the news and scienti"c community at large. 
%e "nal theme of anti-vaccine mandate sentiment 
was composed of "ve topics (33.33%) with three of 
these focused on speci"cally work-related mandates. 
Percentages do not add up to one hundred since some 
topics re$ected multiple themes. 

Overall Interpreted %eme Top 10 Words 
Topic 1 Child immunization and side-

e!ects 
vaccine, covid, death, child, keep, risk, state, 

trump, myocarditis, injury 

Topic 2 Side-e!ects and mistrust in phar-
maceutical companies

die, anyone, number, show, $u, money, lot, 
vax, school, drug

Topic 3 E#cacy and mistrust in pharma-
ceutical companies

fact, spread, life, country, family, nothing, 
month, booster, world, know 

Topic 4 E#cacy and mistrust in govern-
ment and pharmaceutical compa-

nies

don’t, year, infection, vaccination, see, protec-
tion, end, study, natural_immunity, governor

Topic 5 Mistrust in government and 
Work-related

get, everyone, didn’t, cause, let, they’re, age, 
worker, tweet, kind 

Topic 6 Mistrust in government and 
Work-related

virus, prevent, case, anything, lie, kill, won’t, 
tell, guy, employee 

Topic 7 E#cacy doesn’t, work, you’re, person, protect, help, 
source, hospital, start, talk 

Topic 8 Side-e!ects and Anti-vaccine 
mandates

mandate, mask, isn’t, someone, reason, news, 
choice, side_e!ect, feel, law

Topic 9 Mistrust in pharmaceutical com-
panies and work-related

amp, p"zer, health, immunity, rate, informa-
tion, business, jab, question, folk 

Topic 10 Mistrust in science and news time, way, issue, problem, look, medium, 
treatment, article, ppl, research

Topic 11 Side-e!ects and Mistrust in gov-
ernment 

thing, can’t, go, today, trust, cdc, report, can-
cer, week, none

Topic 12 Child immunization and Side-
e!ects 

kid, government, doctor, body, need, hospital-
ization, parent, remember, happen, response

Topic 13 Mistrust in scienti"c community 
and Anti-vaccine mandates 

take, day, something, think, care, science, 
freedom, refuse, community, line

Topic 14 Mistrust in news and scienti"c 
community  

stop, shot, disease, point, misinformation, 
post, scientist, yesterday, gonna, consequence

Topic 15 E#cacy i’m, part, make, word, bc, god, dr, wouldn’t, 
save_life, lack 

Tweet Examples

E#cacy “For the millionth time, vaccines do not prevent you from 
getting Covid. Vaccines do not prevent you from spreading 

Covid & it is becoming very clear that the vaccines don’t 
prevent you from dying from Covid. Don’t believe me? Look 

at the number of breakthrough cases & deaths in MA.”
Side-e!ects “Yet there are people dying from the vaccine and getting 

serious side e!ects and we do not know the long term side 
e!ects.”

Mistrust “%e main data from which [vaccine proponents] form their 
opinion are all from CDC, which is in the business of push-
ing vaccines at the behest of Big Pharma under the guise of a 
public health agency. Do you not see the con$ict of interest?” 

Anti-mandate senti-
ment

“Everytime a new mandate or mask/vax policy is introduced 
the longer I will refuse to take the vaccine.” 

“End restrictions. All of them. It’s over. Covid is endemic. 
%e vaccines didn’t work. It is long past time to shi' from 
failed government authoritarianism to personal choice.” 

Table 3. !e four major themes that were displayed from the 15 topics were e$cacy, side-e%ects, mis-
trust, and anti-mandate sentiment. !is table provides speci#c examples of tweets illustrating each of 
these themes. 
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Discussion
Results indicate that there was an overwhelming 

amount of negative sentiment regarding the COV-
ID-19 vaccine at the time of the mandate on Twitter 
whereas positive sentiment made up only a small frac-
tion of tweets. Prior research conducted from March 
of 2020—the beginning of the pandemic—to Janu-
ary of 2021 has indicated that negative vaccine senti-
ment displayed on Twitter has generally declined as 
time progressed (Lyu et al, 2021). However, this study 
suggests this may not really be the case and instead, 
negative vaccine sentiment may still be prevalent in 
the later stages of the pandemic. %erefore, the phe-
nomenon of vaccine hesitancy is only becoming more 
important to understand with regards to the mandate 
and how discourse over the mandate manifests on so-
cial media platforms like Twitter. 

Qualitative analysis of the LDA topics revealed 4 
overarching themes. %ese were concerns regard-
ing the e#cacy of the vaccine, side-e!ects, mistrust 
in institutions, and anti-vaccine mandate sentiments. 
Most previous literature on vaccine sentiment has 
been conducted in the earlier stages of vaccine rollout 
(Hu et al, 2021). Because of the rapid development of 
the vaccine, past research has identi"ed e#cacy to be 
one of the biggest drivers of vaccine hesitancy (Paul et 
al). %is study, which used Twitter data from the later 
months of 2021, almost a year a'er vaccines were "rst 
distributed, still found that e#cacy remains one of the 
major drivers of vaccine hesitancy. Previous research 
found that e#cacy was a reason behind vaccine hesi-
tancy, but was unable to identify explicitly where this 
sentiment stemmed from. However, further analysis 
of data from this study revealed breakthrough in-
fections to be a leading cause of vaccine hesitancy. 
Because there have been many particular instances 
where people who were vaccinated still contracted the 
virus, there has been increased speculation regard-
ing e#cacy.  Furthermore, earlier research has indi-
cated uncertainty regarding side-e!ects to be a factor 
for anti-vaccine sentiments (Boucher et al, 2021). As 
evidenced by the tweet associated with side-e!ects in 
Table 3, this concern over side-e!ects has also been 
prevalent in this study’s results. In addition, the results 
of this study are unique in that they show there is an 
increased emphasis on potential side-e!ects for chil-
dren who are vaccinated. %is is particularly evident 

in topics 1 and 12. A potential reason for this could 
be because of the increasing pressure to get children 
vaccinated and more widespread availability of the 
vaccine for younger ages. As news sources have high-
lighted, later variants of COVID-19 such as Omicron 
have resulted in much greater hospitalization rates for 
children (Kozlov, 2022). As such, a larger emphasis on 
child vaccination could have ensued due to this risk. 

Mistrust in institutions that include the government, 
the news, pharmaceutical companies, and the scienti"c 
community has played a large part in the negative sen-
timents. From analysis, it seems that mistrust of the 
government and the pharmaceutical industry is most 
prevalent. Because there has been an increased asso-
ciation between the private sector and the federal gov-
ernment through funding of vaccine development in 
addition to the mandates being imposed, this mistrust 
has only grown. %e tweet associated with the theme of 
mistrust in Table 3 clearly illustrates this issue by dis-
cussing the possibility of a con$ict of interest between 
the government and pharmaceutical companies. While 
in the past, there has been a greater emphasis on mis-
trust of the government and the pharmaceutical indus-
try, this study identi"es mistrust of the media and the 
scienti"c community to be present as well, although to 
a lesser extent. 

Since this study was conducted in the one-month 
time frame right a'er the vaccine mandate for the pri-
vate sector was announced, there is a larger empha-
sis on personal freedom and choice when it comes to 
the vaccine. In particular, topics eight (Figure 4) and 
thirteen are particularly interesting. %e overarching 
theme for those topics conveyed that many are against 
the vaccine mandates in particular, which could po-
tentially be a driving force behind their anti-vaccine 
sentiments. Prior studies have speculated that nega-
tive vaccine sentiment could potentially be correlated 
with negative mandate sentiment (Paul et al, 2021). 
%is has been explicitly identi"ed in my results and 
can be evidenced through the example tweets for anti-
mandate sentiment in Table 3. Moreover, research 
has indicated that con"dence in the vaccine itself can 
in$uence support for mandates (Ashwell et al, 2021). 
%erefore, it comes as no surprise that there has been 
such strong negative sentiment towards the federal 
mandate, since there has been a lot of uncertainty 
regarding the e#cacy and many concerns regarding 
side-e!ects.  
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Moreover, one study wherein the researchers ana-
lyzed twitter data proposes that the individualistic 
mindset of Americans as opposed to a communal 
mindset in countries like China have played an im-
portant role in whether the people got vaccinated or 
not (Luo et al, 2021). Americans tend to be much 
more self-reliant and in health-related contexts such 
as this one, they wanted to have personal control over 
health risks. %is could explain the results from this 
research because this particular study was solely fo-
cused on American sentiment particularly when the 
mandate was imposed. Since Americans have a more 
individualistic mindset, they value personal choice 
and by imposing the mandate it could have potentially 
had a negative emotional impact on many. 

Topics 6 and 9 are interesting in that they encom-
pass sentiments wherein vaccine hesitancy has been 
displayed in the context of the workplace. Speci"c 
references to employers, workers, and businesses have 
shown that vaccination requirements at work could be 
potential reasons for vaccine hesitancy as well. Previ-
ous research has not identi"ed implications of man-
dates in businesses. Because this federal mandate has 
been centered around the private sector, it has likely 
fueled concerns among the vaccine hesitant with re-
gards to how their income and work life will be af-
fected.  

Conclusion 
 Sentiment analysis of Twitter data following 

the announcement of the "rst federal private sector 
COVID-19 vaccine mandate in the US showed that 
there was overwhelming negative sentiment towards 
the vaccine. LDA portrayed 15 topics that were then 
qualitatively analyzed and broken down into four 
major themes which consisted of concerns regarding 
e#cacy, side-e!ects, mistrust, and personal freedom. 
Overall, my results are in alignment with Almoodi 
and others’ identi"ed themes of the causes of negative 
vaccine sentiment

(Almoodi et al, 2021). Ultimately, this research has 
been e!ective in building a greater understanding of 
the unvaccinated perspective which will aid in target-
ed e!orts at increasing vaccination. 

Limitations 
In conducting this research study, it is important to 

acknowledge the limitations that may have impacted 
the work done. For this study, twitter data taken from 
a Kaggle dataset was used. Kaggle is a very reputable 
source from which many data scientists and research-
ers get their data. However, it is pre-curated by others 
and as such, I do not have the means to de"nitively 
identify the methods through which the data was 
scraped. As such, there could be implicit biases inher-
ent in the types of tweets collected. Furthermore, the 
speci"c sentiment analysis model that was used in this 
study called roBERTa has one of the highest accuracy 
rates when it comes to pre-trained sentiment analysis 
models. Despite this, since I had neither the capabili-
ties nor the time to train my own model, sentiment 
analysis was not completely accurate. Speci"cally, in 
conducting the qualitative analysis, it was revealed 
that in certain cases, sentiment analysis could have 
re$ected the underlying connotation of the tweets 
rather than their attitude towards the COVID-19 vac-
cine. %us, this resulted in some negatively labeled 
tweets actually being positive. For example, one tweet 
reads: “I don’t push vaccines because I enjoy the #ght. I 
don’t push them because I hate freedom. I push them so 
I don’t have to see another person I know or take care 
of die from something easily preventable.” %is tweet 
received a negative score of 0.7482. 

Since the Natural Language Processing sector of AI 
and Machine Learning is in its beginning phases of 
development, the LDA model, although very useful 
in analyzing topics, can be di#cult to interpret us-
ing only the top words in each topic. Speci"cally, the 
ability to understand the overarching theme of a topic 
right away is sometimes di#cult. Due to this, quali-
tative analysis was also conducted. Because it would 
be physically impossible to go through each tweet and 
qualitatively analyze it, I was only able to look at a 
sample of a few of these. %erefore, it may not capture 
the full picture in regards to topics relating to vaccine 
hesitancy. 

Implications 
%e "ndings of this research have assisted in fur-

thering the understanding of vaccine hesitancy. As 
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mentioned previously, research such as Boucher and 
others’ study has focused on the earlier stages of vac-
cine rollout (Boucher et al, 2021). However, only 
around 65% of the US population have been fully 
vaccinated to date while herd immunity is estimated 
to be achieved only when 70-85% of the population 
are vaccinated. As such, vaccine hesitancy remains a 
large issue. %e "ndings of this study are important to 
understand anti-vaccine perspectives. Only through 
recognizing the opposing points of views, will gov-
ernment o#cials, scientists, and news agencies be 
able to take e!ective measures to further combat low 
vaccination rates. Aside from vaccine mandates, other 
interventions have also been implemented to varying 
degrees of success. Previous research has revealed in-
terventions such as o!ering monetary incentives to get 
vaccinated have had positive impacts on vaccination 
rates (Mercade et al, 2021). On the other hand, news 
sources have highlighted the fact that advertisements 
regarding vaccination on television have not been very 
successful in increasing vaccination rates nationally 
(Christensen). Based on the results from this study, 
it seems that vaccine mandates are not very e!ective 
in encouraging people to get vaccinated. Previous re-
search has indicated that implementing mandates in 
the workplace could normalize the vaccine, thus in-
creasing vaccination rates (Ashwell et al). However, it 
seems that in reality, this may not be the case, based 
on the results of this study. %erefore, mandates may 
not be the best approach to tackle the issue of vac-
cine hesitancy. Although the federal vaccine mandate 
has been blocked by the Supreme Court, many states 
and employers have enforced rules regarding vaccina-
tion. Since there has been strong opposition to federal 
vaccine mandates, there is a very likely possibility that 
there will also be negative sentiments towards state 
government and workplace mandates as well. In addi-
tion, based on the results, it is important to note that 
continued e!orts in displaying accurate information 
regarding side-e!ects and e#cacy rates are important 
to combat rampant disinformation. Moreover, it is 
crucial that greater attempts be made to build more 
trust between the people and government, pharma-
ceutical companies, and the scienti"c community. It 
is likely that decreased political polarization and more 
a#rmations of unity are essential to this endeavor. 

Future Directions
While this study focused on Twitter data from 

the US nationally, future research could focus on a 
comparison of vaccine hesitancy between states with 
lower vaccination rates and those that have higher 
vaccination rates. %is could allow for a more focused 
analysis of causes behind anti-vaccine sentiment. It 
would aid in improving vaccination rates of states 
with lower vaccination rates through implementing 
e!ective methods that have been used in states with 
higher vaccination rates. Further, this study used pre-
curated Twitter data from Kaggle. Future works could 
use Twitter data scraped directly from the Twitter 
API to get a more comprehensive and speci"ed list of 
tweets to analyze. Not only that, but researchers could 
compare tweets from di!erent demographics which 
could provide greater insight into views of di!erent 
age groups. Overall, more research will need to be 
conducted in order to develop e!ective, targeted out-
reach programs to combat low vaccination rates.
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