
JMIR Preprints Jang et al

Tracking COVID-19 Discourse on Twitter in North
America: Topic Modeling and Aspect-based Sentiment

Analysis

 Hyeju Jang, Emily Rempel, David Roth, Giuseppe Carenini, Naveed Z. Janjua

Submitted to: Journal of Medical Internet Research
on: November 02, 2020

Disclaimer: © The authors. All rights reserved. This is a privileged document currently under peer-review/community
review. Authors have provided JMIR Publications with an exclusive license to publish this preprint on it's website for
review purposes only. While the final peer-reviewed paper may be licensed under a CC BY license on publication, at this
stage authors and publisher expressively prohibit redistribution of this draft paper other than for review purposes.

https://preprints.jmir.org/preprint/25431 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Jang et al

Table of Contents

Original Manuscript ....................................................................................................................................................................... 5
Supplementary Files ..................................................................................................................................................................... 21

Figures ......................................................................................................................................................................................... 22
Figure 1 ...................................................................................................................................................................................... 23
Figure 2 ...................................................................................................................................................................................... 24
Figure 3 ...................................................................................................................................................................................... 25
Figure 4 ...................................................................................................................................................................................... 26
Figure 5 ...................................................................................................................................................................................... 27
Figure 6 ...................................................................................................................................................................................... 28

https://preprints.jmir.org/preprint/25431 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Jang et al

Tracking COVID-19 Discourse on Twitter in North America: Topic
Modeling and Aspect-based Sentiment Analysis

Hyeju Jang1, 2 MSc, PhD; Emily Rempel2 MSc, PhD; David Roth2 MSc, PhD; Giuseppe Carenini1 MSc, PhD; Naveed
Z. Janjua2, 3, 4 MBBS, MSc, DrPH

1Department of Computer Science University of British Columbia Vancouver CA
2British Columbia Centre for Disease Control Vancouver CA
3School of Population and Public Health University of British Columbia Vancouver CA
4Centre for Health Evaluation and Outcome Sciences Vancouver CA

Corresponding Author:
Hyeju Jang MSc, PhD
Department of Computer Science
University of British Columbia
ICICS/CS Building 201-2366 Main Mall
Vancouver
CA

Abstract

Background: Social media is a rich source where we can learn about people’s reactions to social issues. As COVID-19 has
significantly impacted on people’s lives, it is essential to capture how people react to public health interventions and understand
their concerns.

Objective: We aim to investigate people’s reactions and concerns about COVID-19 in North America, especially focusing on
Canada.

Methods: We analyze COVID-19 related tweets using topic modeling and aspect-based sentiment analysis (ABSA), and
interpret the results with public health experts. To generate insights on the effectiveness of specific public health interventions
for COVID-19, we compare timelines of topics discussed with timing of implementation of interventions, synergistically
including information on people’s sentiment about COVID-19 related aspects in our analysis. In addition, to further investigate
anti-Asian racism, we compare timelines of sentiments for Asians and Canadians.

Results: Topic modeling identified 20 topics and public health experts provided interpretations of the topics based on top-ranked
words and representative tweets for each topic. The interpretation and timeline analysis showed that the discovered topics and
their trend are highly related to public health promotions and interventions, such as physical distancing, border restrictions, hand
washing, staying-home, and face coverings. After training the data using ABSA with human-in-the-loop, we obtained 545 aspect
terms (e.g., “vaccines”, “economy”, and “masks”) and 60 opinion terms (e.g., “infectious”- negative, and “professional”-
positive), which were used for inference of sentiments of 20 selected aspects. The results showed negative sentiments related to
overall outbreak, misinformation, and Asians and positive sentiments related to physical distancing.

Conclusions: Analyses using Natural Language Processing (NLP) techniques with domain expert involvement can produce
useful information for public health. This study is the first to analyze COVID-19 related tweets in Canada in comparison with
tweets in the United States by using topic modeling and human-in-the-loop domain-specific aspect-based sentiment analysis.
This kind of information could help public health agencies to understand public concerns as well as what public health messages
are resonating in our populations who use Twitter, which can be helpful for public health agencies when designing a policy for
new interventions.
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Abstract

Background: Social media is a rich source where we can learn about people’s reactions to social issues. As
COVID-19 has significantly impacted on people’s lives, it is essential to capture how people react to public
health interventions and understand their concerns. 

Objective: We  aim  to  investigate  people’s  reactions  and  concerns  about  COVID-19  in  North  America,
especially focusing on Canada. 

Methods: We  analyze COVID-19 related tweets using topic modeling and aspect-based sentiment analysis
(ABSA),  and interpret  the results with public  health experts.  To generate insights on the effectiveness of
specific public health interventions for COVID-19, we compare timelines of topics discussed with timing of
implementation of interventions, synergistically including information on people’s sentiment about COVID-19
related aspects in our analysis. In addition, to further investigate anti-Asian racism, we compare timelines of
sentiments for Asians and Canadians. 

Results: Topic modeling identified 20 topics and public health experts provided interpretations of the topics
based on top-ranked words and representative tweets for each topic. The interpretation and timeline analysis
showed  that  the  discovered  topics  and  their  trend  are  highly  related  to  public  health  promotions  and
interventions,  such  as  physical  distancing,  border  restrictions,  hand  washing,  staying-home,  and  face
coverings. After training the data using ABSA with human-in-the-loop, we obtained 545 aspect terms (e.g.,
“vaccines”, “economy”, and “masks”) and 60 opinion terms (e.g., “infectious”- negative, and “professional”-
positive), which were used for inference of sentiments of 20 selected aspects. The results showed negative
sentiments related to overall outbreak, misinformation, and Asians and positive sentiments related to physical
distancing. 

Conclusions: Analyses using Natural Language Processing (NLP) techniques with domain expert involvement
can produce useful information for public health. This study is the first to analyze COVID-19 related tweets in
Canada in  comparison  with  tweets  in  the  United  States  by  using  topic  modeling  and  human-in-the-loop
domain-specific aspect-based sentiment analysis. This kind of information could help public health agencies to
understand public concerns as well as what public health messages are resonating in our populations who use
Twitter, which can be helpful for public health agencies when designing a policy for new interventions.

Keywords: COVID-19; twitter; topic modeling; aspect-based sentiment analysis; racism; Anti-
Asians; Canada; North America

Introduction

Globally, more than 31 million people have been diagnosed with COVID-19 infection and more than
1 million people have died as of October 12, 2020. Since there is no vaccine or effective treatment

https://preprints.jmir.org/preprint/25431 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Jang et al

yet, governments across the world have implemented wide-ranging non-pharmaceutical interventions
such as hand hygiene, face masks, contact tracing, isolation and quarantine, and physical (social)
distancing through banning mass gatherings and lockdowns to reduce the transmission of SARS-
CoV-2. Impact of COVID-19 and measures to prevent transmission has generated a lot of discussion
among general population, medical and public health professionals and government officials. Some
of this discourse is happening in social media such as Twitter. 

During  this  pandemic,  people  have  been  using  social  media  such  as  Twitter  to  share  news,
information, opinions and emotions about COVID-19  [1,2],  similar to previous infectious disease
outbreaks such as Ebola. In the Eloba outbreak, public health organizations helped contain Ebola by
monitoring conversations on social media and spreading accurate information about the disease [3-
6]. As we can see from these past successes, social media is an important source to learn about
people’s reactions and concerns. This information can assist public health authorities in monitoring
and  surveillance  of  health  information,  concerns  and  behaviors,  and  designing  interventions  to
reduce impact of pandemic. Understanding both people’s information needs, misinformation, hate
speech/discrimination, compliance with preventative measures and other reactions to COVID-19 and
where their concerns lie helps to tailor public health strategy and ultimately create better informed
interventions.

Topic  modeling and sentiment analysis  have  been widely used to identify issues and people’s opinions in

public health and is being used to understand COVID-19 related issues as well (Table 1). Analyses were

conducted  to  identify  patterns  of  health  communications  in  diverse  kinds  of  data  sources  and

communities/locations. While some works investigated news articles [7] or research papers [8], most research

focused on social media such as Reddit posts [9] and tweets [10-16]. Conversations in particular communities

were examined such as tweets posted by U.S. governors and presidential cabinet members [10] and African

American twitter communities  [13]. Specific languages and locations were discussed as well, e.g., Chinese

news articles [7], Persian/Farsi tweets in Iran [11] and English tweets in California and New York, US [14].

Although all these works investigated people’s reactions towards COVID-19, there have been few studies

about general public responses in Canada. Furthermore, although sentiment analysis has been broadly used

[12-15], the techniques employed in prior work determine sentiment of an overall text rather than capturing

opinions towards COVID specific aspects chosen by domain experts, and exploit lexicon built in general

domains overlooking that a word’s sentiment depends on the domain or context where it is used [17]. 

Our study aims to investigate Twitter users’ reactions to COVID-19 in North America, especially focusing on

Canada.  We analyze COVID-19 related tweets with topic modeling and Aspect-Based Sentiment Analysis

(ABSA) using human-in-the-  loop,  and interpret  the  results  with public  health  experts.  We examine the

sentiment of tweets about COVID-19 related aspects such as social distancing and masks, by using ABSA

based on domain specific aspect and opinion terms. The key advantage of our work is that public health

experts are actively involved in the computational process with the specific goal of informing public health

interventions. Our results are interpreted by these public health experts, and we use a human-in-the-loop

ABSA approach to obtain domain specific aspect and opinion terms. To the best of our knowledge, we are the
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first to directly identify sentiment of COVID-specific aspects. 

Table 1 Related work on topic modeling of COVID-19 related data.

Authors Source Posters Time Location Language sentiment

Liu et al. [7] News

articles

News

reporters

Jan.  1  –

Feb.  20,

2020

Not

specified

Chinese No

Dong et al. [8] Research

papers

Researchers Unknown

– Mar.  20,

2020

Not

specified

English No

Stokes et al. [9] Reddit

posts

public Mar.  3  –

Mar.  31,

2020

Not

specified

English No

Sha et al. [10] Tweets State

governors,

presidential

cabinet

members,

and  the

president

Jan.  1  –

Apr.  7,

2020

U.S. English No

Hosseini  et  al.

[11]

Tweets public Mar.  13  –

Apr.  19,

2020

Iran Persian/Farsi No

Sharma  et  al.

[12]

Tweets public Mar.  1  –

Marcy.  30,

2020

Not

specified

English Yes

Odlum  et  al.

[13]

Tweets public

(African

Americans)

Jan.  21  –

May  3,

2020

Not

specified

English Yes

Wang et al. [14] Tweets public Mar.  5  –

Apr.  2,

2020

California

and  New

York, U.S.

English Yes

Abd-Alrazaq  et

al. [15]

Tweets public Feb.  2  –

Mar.  15,

2020

Not

specified

English Yes

Ordun  et  al.

[16]

Tweets public Mar.  24  –

Apr.  9,

2020

Not

specified

English,

Spanish,

Italian,

French,

No

https://preprints.jmir.org/preprint/25431 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Jang et al

Portuguese

Ours Tweets Public Jan.  21  –

May.  31,

2020

Canada and

U.S.

English Yes

Methods 

Data and data processing 

We use a public twitter dataset about the COVID-19 pandemic, collected by [18] using numerous COVID-19

related keywords such as “coronavirus”, “COVID-19” and “pandemic”. The data collection started on January

28, 2020 (tweets from January 21, 2020), and is still ongoing, which has published over 123 million tweets by

May 11, 2020.

For our work, we select tweets from January to  May,  whose location is Canada and United States (US).a

Among the 372,711 tweets in total (Canada: 30,235, US: 342,476), we only include tweets written in English

using tweet metadata and the spacy-langdetect toolkitb. This process resulted in 319,524 tweets in total, 25,595

for  Canada,  and  293,929 for US. To remove tweet specific keywords  and  URLs,  we  use  the  tweet-

preprocessor toolkitc. We do not remove hashtags and mentions because they can be informative for our work.

We lowercase, tokenize using the Spacy toolkit [19]

. Since the methods we use in this paper are all unsupervised, we do not split the data for training and test.

Topic modeling 

We first discover topics in COVID-19 related tweets using a widely used topic modeling approach,  Latent

Dirichlet Allocation (LDA) [20] To assess changes in topics of discussion over time, we compare timelines of

topic distributions and timing of implementation of public health interventions for COVID-19. 

To discover topics and track the topic change over time, we construct topic models on our Twitter data using

LDA4 implementation in the scikit-learn package [21]. We choose a model with 20 topics among 5, 10, 20,

and 50 because 20 topics showed diverse and less redundant topics when manually examined.

To analyze the dynamics of public health relevant topics, we investigate the change in the prevalence of the

a Note that tweets with location tags are limited.
b https://pypi.org/project/spacy-langdetect/
c https://pypi.org/project/tweet-preprocessor/
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topics over time. More specifically, we performed a basic analysis based on examination of the estimates of θ,

a document-to-topic distribution, produced by the model. We first divide tweets into 10-day time buckets, e.g.,

Jan. 21 – Jan. 31, Feb. 1 – Feb. 10, and Feb. 11 – Feb. 20. Note that we use time in UTC-12 because tweet

timestamps are in the time zone. Then, we compute a mean θ vector for tweets in each bucket as in [22].

Aspect based sentiment analysis

To capture sentiment revealed in tweets towards important aspects of COVID-19, we use ABSA. In our work,

aspects  can  include  public  health  interventions  or  issues  associated  with  COVID-19  such  as “social-

distancing”, “reopening”, and “masks”. We investigate  people’s  opinion  (positive/negative)  towards these

aspects.

We use ABSApp, a weakly-supervised ABSA system [23]. We choose ABSApp because it does not require

labeled data for training, and allows manually editing domain-specific aspect and opinion lexicons produced

by the method. This feature is particularly beneficial for us because in collaboration with domain experts we

can select/add aspects public health agencies are interested in.

Results 

Figures 1 and 2 provides some context for our results, by showing mobility and case counts for Canada and

US. Since social distancing measures were enacted in the middle of March, 2020 as the daily COVID-19 cases

increase, we can see that the activity of going to parks drastically increased whereas other activities such as

recreational or work related mobility decreased. 

https://preprints.jmir.org/preprint/25431 [unpublished, non-peer-reviewed preprint]
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Figure 1 Mobility and case counts for Canada.

Figure 2 Mobility and case counts for the United States.

https://preprints.jmir.org/preprint/25431 [unpublished, non-peer-reviewed preprint]
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Topic modeling 

Two public health experts interpreted and labelled topics, the output of LDA, based on top-ranked words and

representative tweets for each topic. The discovered topics are highly related to public health promotions and

interventions,  such  as  physical distancing, border restrictions, hand washing, staying-home, and face

coverings, as shown in Table 2. Other topics include US President Donald Trump, initial outbreaks in Wuhan,

economic concerns and negative reactions. The entire set of topics is listed in the Appendix.

The most prevalent topics in Canada and US show some differences,  as can be seen in  Table  2. In both

countries, age and COVID-19 transmission was the most prevalent topic. The discussion around the initial

outbreak in Wuhan and US President Trump’s statement was also active in both countries. However, the topic

about air travel and regional border restrictions was highly ranked only in Canada whereas the topic was not

even listed in the top-10 in the US. Similarly, the topics about COVID-19 being like the flu and staying home

were highly ranked in the US tweets but ranked lower than other topics in the Canadian tweets.

Table 2 Top-5 prevalent topics in Canada and United States.

# Canada United States

1 Age and COVID-19 transmission, as  well

as time.

Age and COVID-19 transmission, as well as

time.

2 Initial outbreak in Wuhan. US President Trump’s statement.

3 US President Trump’s statement. Early debate on whether coronavirus is
like
the flu.

4 Thank you notes related to the pandemic

mixed  with  discussion  of  cruise  ship

outbreaks.

Initial outbreak in Wuhan.

5 Air  travel  and  regional  border  restric-

tions/outbreaks. 

The  need  to  stay  home  and  the

impact  of  COVID-19  on  essential

workers and family.

(a) Canada (b) United States
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Based on the mean θ vector for each bucket, we draw graphs of public health relevant topics over time as

shown in Figure 3. First, we observe that the patterns in the US tweets and Canadian tweets are very similar.

Although there are slight  differences,  the overall  increase and decrease patterns are almost identical.  For

example, the topic about air travel and regional  border  restrictions  (T2)  shows  a  peak  in  February  and

drastically decreases. 

Second, we can see that the topic trend is highly related to public health interventions. For example, the

topic about  social  distancing (T1) starts to increase in early March after  social  distancing measures were

enacted. Hand washing (T3) also started to be emphasized then. The topic about the need to stay home (T4)

starts to increase around the end of March. In Canada, the Federal Quarantine Order was issued on March 24,

and in the US, many states issued stay-at-home orders around that time as well.  Discussion about the number

of tests  and cases (T5)  gradually increases.  Interestingly, the topic about masks and face coverings (T6)

slightly decreases from March this is possibly because public health institutes in both countries announced

their position about masks around that time.

Aspect-based sentiment analysis

 
After training the tweet data using ABSApp, we obtained 806 aspect terms and 211 opinion terms. Two

public health experts edited the terms so that aspect terms are related to important aspects they are interested

in, and that opinion terms are words that describe sentiment of the domain-specific aspect terms. Editing the

lexicons resulted in 545 aspect terms (e.g., “vaccines”, “economy”, and “masks”) and 60 domain specific

opinion terms (e.g., “infectious”- negative, and “professional”- positive). Then, these manually edited terms

were used for inference of sentiments of 20 selected aspects. The results are shown in Figures 4 and 5.

Overall, the sentiments between Canada and US show similar patterns. We observe that the sentiments about

the coronavirus itself is dominantly negative. With this, the twitter users’ reactions to misinformation appear

Figure 3 Topic changes over time. T1: social and physical distancing, T2: air travel and regional border
restrictions/outbreaks, T3: hand washing and preventive measures, T4: the need to stay home and impact of

COVID-19 on essential workers and family, T5: number of tests and cases, T6: masks and face coverings, T7:
age and COVI-19 transmission as well as time.
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to be more negative than being positive, suggesting the frustration about the situation and misinformation.

The mixed sentiments about masks might reflect the conflicting massaging around using masks. The negative

sentiments towards Asians may imply the Anti-Asian sentiments escalated due to COVID-19.

Figure 4 Aspect-based sentiment analysis results. x-axis: selected aspects, y-axis: # of positive occurrences and # of negative
occurrences in log scale.

Figure  5 Aspect-based sentiment analysis results for selected aspects. y-axis: the ratio between # of positive occurrences and # of
negative occurrences.

To further investigate the possible stigma for Asians, we observed words that frequently co-occur with the

aspect  words,  Chinese  and  Asians.  The  top-ranked  words  in  negative  tweets  include  “virus”,  “racist”,

“racism”, “fucking”, “attacks”, “ass”, “assaults”, “blame”, and “hate”, and the top-ranked words in positive

tweets include “fucking”, “racism”, “respectful”, “kind”, “street”, “disgusting”, and “crying”.  We list sample

tweets that show positive and negative sentiments in Table 3, respectively. 

Table 3 Sample tweets showing positive or negative sentiments towards Asians.

Positive Negative

https://preprints.jmir.org/preprint/25431 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Jang et al

- “You should not be afraid of Asians but you
should  be  absolutely  terrified  of  the
PEOPLE  THAT  DONT  COVER  THEIR
MOUTHS/NOSES  DURING  A  COUGH
AND/OR SNEEZE.”

- “French Asians hit back at racism with 'I'm
not a virus”

- “Y’all  realize  that  the  coronavirus  ain’t
exclusive  to  Chinese  people  right??  mfs
look for any excuse to be racist bruh”

- “Oriental  Asians  always  starting  some
fuckin outbreak...”

- “Yea  I’m  holding  my  breath  round  all
Asians till this coronavirus shit clear up call
it wat u think it is.”

- “No Asians  allowed  in  my shop after  the
outbreak.”

Figure 6 displays sentiment changes over time towards Asians and Canadians.  While sentiments
about  Canadians  are overall  more positive except  in February and after  middle May, sentiments
about Asians are mostly negative.  Especially in the beginning of March when COVID-19 started to
be serious in North America, we can see a spike in the number of negative tweets about Asians, and
then  it  drastically  reduces  after  that,  which  might  suggest  that  there  were  some  campaigns  or
awareness about anti-Asian racism.  

Figure 6 Sentiment changes over time for Asians and Canadians. y-scale: # of positive occurrences, # of negative occurrences, and #
of total occurrences.

Discussion

In this study, using topic modeling and ABSA on twitter data from North America, we identified various

topics related to physical distancing, travel and boarder restrictions, hand washing and preventive measures,

face masks, stay at home orders, and number of cases and testing. Travel and border restrictions were major

discussion points in February which were taken over by other topics such as physical distancing later in time.

ABSA analysis  identified  various  negative  themes  related  to  overall  outbreak,  anti-Asian  racism  and

misinformation and positive occurrences related to physical distancing. These data demonstrate Twitter users’

focused on discussing and reacting to public health interventions during first phase of the pandemic. This kind

of information could help public health agencies to understand public concerns as well as what public health

messages are  resonating in our populations who use  Twitter.  For example, public health agencies in North

America have focused their messaging around encouraging hand hygiene, limiting physical contact when sick

and staying home to prevent infection. We can see this messaging echoing in the topics around hand washing,

staying home, mask-wearing and social/physical distancing.
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The change over time in the age topic shows an area for improving our public messaging. Early public health

data showed a strong correlation  between age and severe COVID-19 outcomes  [24,25].  However,  we  now

know that SARS-CoV-2 transmission does not show the same correlation [26]. A renewed focus on messaging

to highlight this difference would likely benefit our public health response.

Our findings that tweets reflect public health interventions are aligned with other studies. Abd-Alrazaq et al.

[15] performed topic modeling on tweets before mid-March, and their results focused more on the virus itself,

e.g.,  its  origin,  impact  on people,  and the economy,  but  did not  show conversations  about  public  health

interventions.  However,  in  the  studies  using  tweets  including  March  and  April,  topics  related  to  social

distancing policies such as school closure, stay home orders, and work from home commonly emerged in

tweets posted by U.S. governors and presidential cabinet executives [10], Reddit posts [9], tweets in English,

Spanish, Italian, French, and Portuguese [16], tweets in California and New York [14] and tweets in Iran [11].

Depending on tweets  used for  analysis,  other  studies  report  some interesting topics different  from topics

drawn from tweets in Canada. For example, topics related to government and political issues were observed in

the studies on tweets by U.S. governors  [10] and on tweets in Iran  [11] whereas our analysis only showed

Trump’s statement as a topic rather than overall political issues regarding COVID-19. 

Our ABSA provides sentiments towards specific aspects by considering sentence structures, while
most prior works performing sentiment analysis use algorithms to decide a sentiment of an entire
text. For this reason, these studies are generally not suitable for identifying a sentiment of a given
aspect.  For instance, Wang et al. [14] computed the average sentiment scores of tweets by each day
and each hour rather than obtaining sentiments for aspects. Yin et al. [27] related sentiment for each
tweet  to  the  topic  the  tweet  belongs  to,  and  then  investigated  overall  sentiment  of  each  topic.
Therefore,  it  is  not  straightforward  to  compare  our  ABSA results  with  other  sentiment  analysis
results. 

However, our ABSA results, especially related to racism and discrimination against Asians are also observed

in other research using different study methods. Zhu et al. [28] qualitatively analyzed a small number of 1,366

tweets  to  examine translanguaging swears  around “Chinese virus”.  Topic  modeling on English tweets  in

March and April [29] showed a topic related to racism with top-ranked words such as “Chinese” and “pig”. A

survey in the United States also showed prejudicial attitudes among Americans toward Chinese Americans

[30].  These findings show that  ABSA has the  potential  to track stigma and other negative consequences

related  to  COVID-19.  Our  communities  of  Asian  ethnicity  have  experienced  unprecedented  stigma  and

discrimination due to COVID-19. Chinese Canadians and other East Asians are experiencing hatred expressed

as assaults, verbal threats, and feeling unsafe in the society. As our analysis suggests, if we monitor the change

in discrimination over time using social media as a stream in real time, we could develop counter-acting

messages and measures in specific geographic areas whenever there is a spike in such incidents. 
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The study has following limitations: We used only a small set of Twitter data because tweets with the
location information were limited compared to the whole data set. This has affected other studies
using  social  media  data  in  similar  fashion.  In  addition,  although  ABSA allows  capturing  more
nuanced sentiments towards specific aspects, it  also has the limitation the current state-of-the-art
sentiment analysis techniques have: it cannot properly handle figurative languages such as sarcasm.
However, this study is still useful for public health interventions and messaging because this gives
insights at how public opinion has been affected by public intervention measures. Understanding
people’s  reactions  to  the  COVID-19 pandemic  is  important  to  public  health  agencies because it
informs how public health agencies should frame their health messaging. 

Conclusion
In this paper we presented the exploratory results of topic modeling and ABSA on COVID-19 related tweets

in North America, especially focusing on Canada. We compared topic modeling and ABSA results of Canada

and  the  US,  and  also  showed  public  health  intervention  related  topic  changes  over  time.  Our  analyses

demonstrated that Twitter conversations about COVID-19 are highly aligned with public health interventions.

In  our  work,  public  health  experts  were  actively  involved  in  the  computational  process  as  well  as

interpretation  of  the  results.  The  human-in-the-loop  ABSA allowed manually  editing  aspect  and  opinion

lexicons,  and  as  a  result,  our  analysis  showed  sentients  towards  the  aspects  public  health  experts  were

interested in by leveraging the domain-specific lexicons. Our results suggest that monitoring twitter user’s

reactions about COVID-19 related aspects can be beneficial for public health policy makers. 
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Appendices

Table 1. LDA generated topics and their interpretations.

# Representative words Interpretation
T1 social, distancing, outside, park, walk,

quarantinelife, stayhome
Social  and  physical  distancing,  including
spending time outside during quarantine.

T2 corona, beer, stupid, die, cure, flu,
drink, cold

Early debate  on whether  coronavirus  is  like

the flu and around corona beer sales.
T3 china,  travel,  canada,  russia,  flights,

trade, border

Air  travel  and  regional  border
restrictions/outbreaks.

T4 hands, wash, health, public, use, need,
safety

Hand  washing  and  what  people  can  do  to

prevent COVID-19.
T5 home,  stay,  safe,  work,  sick,  family,

essential
The need to stay home and the impact of
COVID-19  on  essential  workers  and
family.

T6 positive,  testing,  tested,  cases, This  topic  focuses  on  data,  particularly
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patients, hospital, data number of tests and cases.
T7 masks,  wear,  face,  hand,  sanitizer,

gloves, n95
Things we can do to prevent COVID-19, e.g.,

masks and face coverings.

T8 trump,  china,  americans,  hoax,  cdc,
democrats, pandemic 

US President Trump’s statement of whether
COVID-19 is a hoax and his discussion of
China.

T9 students,  pandemic,  nyc,  petition,
climate, college, university

A mix of discussion around school
closures, the climate  and  the  outbreak  in
New York City.

T10 trump, house, white, president,  press,
vote, conference

USA  politics  including  the  white  house
press conferences and the US election.

T11 test, cdc, facts, vaccine, fake, lab, control Lab  testing  for  COVID-19  and  vaccination

discussions, as well as discussing ‘fake’ tests

available.
T12 china, cases, death, wuhan, outbreak,

spread, rate
Initial outbreak in Wuhan and its associated
case and death statistics.

T13 time, old, years, day, feel, life, long A mix of discussion around age and COVID-

19 transmission, as well as time.
T14 cases,  deaths,  york,  million,  state,

total, cuomo
The  statistics  around  deaths,  particularly
cases and deaths in New York City.

T15 thanks,  help,  support,  cruise,
community, team, proud

Thank you notes  related  to  the  pandemic
mixed  with  discussion  of  cruise  ship
outbreaks.

T16 health, need, care, public,  emergency,
fighting, stigma, curve, job

The  need  for  health  care  related  to
addressing the COVID-19 pandemic in the
USA.

T17 money, pay, paper, toilet, buying,
water, price

General economic concerns including pay
and bulk buying.

T18 stayhome, lockdown, order,
quarantine, florida, beach, california

Quarantine and lockdown orders,
particularly in Florida  beaches  and
California.

T19 shit, fucking, ass,  wow, damn,  dumb,
hell

Negative  reactions  to  COVID-19  and
emotional usage of swearing.

T20 break, trip, spring, school, classes,
summer, quarnantinelife

COVID-19  school  closures  and  spring
break.
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Mobility and case counts for Canada.
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Mobility and case counts for the United States.
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Topic changes over time. T1: social and physical distancing, T2: air travel and regional border restrictions/outbreaks, T3: hand
washing and preventive measures, T4: the need to stay home and impact of COVID-19 on essential workers and family, T5:
number of tests and cases, T6: masks and face coverings, T7: age and COVI-19 transmission as well as time.
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Aspect-based sentiment analysis results. x-axis: selected aspects, y-axis: # of positive occurrences and # of negative
occurrences in log scale.
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Aspect-based sentiment analysis results for selected aspects. y-axis: the ratio between # of positive occurrences and # of
negative occurrences.
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Sentiment changes over time for Asians and Canadians. y-scale: # of positive occurrences, # of negative occurrences, and # of
total occurrences.
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