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Executive Summary

In the United States, public transit ridership in 2020 declined by 79% compared to 2019 levels.
With lockdowns implemented during the early days of the pandemic, direct human-to-human
interactions migrated to virtual platforms (e.g., Facebook, Twitter, and Reddit). Social media
platforms have aided researchers in answering numerous questions about current societal dilemmas,
including COVID-19. This study investigates the public’s perception of transit systems via a social
media analysis given the emergence of vaccines and other COVID-19 preventive measures.

We developed a structured transportation tweet analytics framework (Twilytics) to analyze public
discourse data (i.e., tweets from 2020 to 2021) on the impact of COVID-19 on transit systems.
The framework has four main components. First, we extracted tweets between June 2020 to
November 2021 from carefully curated keywords addressing transit services. Second, we pre-
processed the data with data cleaning and feature engineering methods. Third, we performed
descriptive and statistical analysis on the cleaned data. We hypothesized that the daily and monthly
tweets related to transit systems will be significantly different. Lastly, we performed topic modeling
to uncover the prominent themes of the public’s perception of transit systems during the pandemic.

Overall, we extracted 44,320 tweets related to public transit in the US within the study period.
Our results revealed that, on average, from June 2020 to November 2021, July (103) and Tuesdays
(91) had the highest transit-related tweets. Kruskal-Wallis’s analysis of variance test results showed
a statistically significant difference (p < 0.05) in the number of transit-related tweets per month
and day. The topic modeling findings revealed themes of fear and confusion concerning the use of
public transportation during the pandemic. Second, the public had doubts regarding the vaccines’
impact on transportation and movement throughout 2021, with most users concerned about the
proliferation of new variants. Lastly, Twitter users were concerned about the travel bans placed on
African countries amidst the Omicron variant and urged the government to remove the bans.
These findings will help bridge the gap between public health, transport, and commuter needs by
helping transportation authorities and city planners better understand the social perception of
transit systems during a pandemic.
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1. Introduction

Transportation is a key element of our society. The COVID-19 pandemic posed unique and
unforeseen challenges to the movement of people, goods, and services globally. Out of fear of
contracting the virus, most commuters stopped using public transportation in favor of driving their
cars, riding bicycles, or walking (Habib & Anik, 2021). The disruptions caused by the pandemic
have affected the movement of people in California, reducing the demand for public transportation.
According to real-time ridership tracking data from TransitApp, an online technology platform
that helps commuters navigate their cities, we observed a 33 percent decrease in demand as of
November 28, 2021, in the San Francisco Bay Area (TransitApp, 2021). This decline poses a
significant challenge for the US public transportation industry and more specifically for the Bay
Area in California. In response, California, with an estimated population of 39.6 million, the
government has been encouraging its residents to use public transportation by offering discounted
or free transit for students, low-income workers, senior citizens, and employees through commuter
programs such as Clipper Card to reduce congestion and environmental pollution. Despite this,
the decreased usage of public transportation has led to social calamities as society functioned
abnormally.

Facing calamities requires that people raise awareness and develop more positive solutions to
improve current problems faced during these times. The COVID-19 pandemic has provided us
with a practical case illustrating both the need to intervene in daily living to save lives and the need
to restore normalcy to our lives in a healthy manner. Past research has shown that public
transportation has been one of the hardest-hit industries during the pandemic (Astroza et al., 2020;
Molloy et al., 2021). To investigate transportation-related issues during the pandemic, researchers
have used methods such as survey questionnaires to collect data. As technology has advanced,
direct human-to-human interaction as a method to harvest data has migrated to virtual platforms.
This has made data collection from face-to-face surveys no longer a priority. Instead, people now
express themselves through social media posts from various social media platforms such as
Facebook, Instagram, Twitter, and Reddit. Approximately two-thirds of American adults, and
nearly 3.8 billion people worldwide, use social networking sites (Arafat, 2020). This vast database
has aided researchers in government and private institutions in answering numerous concerns
about current societal dilemmas, including COVID-19. This study seeks to learn about the issues
surrounding transportation through the lens of social media.

1.1 Study Motivation

In recent times, effective COVID-19 preventative methods (i.e., social distancing, wearing masks
in public settings, and vaccines) have succeeded in limiting the transmission of the virus. However,
there has been a slow return to the use of transit systems by commuters. For instance, reports from
the US Department of Transportation (DOT) show a 30 to 50 percent decrease in the total
number of passengers who ride intercity buses and Amtrak between January 2020 and November
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2021 (BTS, 2022). Another example is the San Francisco Bay Area, which boast more than 2
million riders pre-pandemic but now has 800 thousand riders as of April 2022 (BART, 2020).
Overall, the advent of vaccines has contributed to growth in the use of public transport but, given
the slow growth rate and current threats to the environment and traffic safety, in-depth research
on people’s opinions about public transportation is required. This research will be helpful in
understanding how to educate people on how they can use public transport more safely without

the concern of contracting COVID-19.

Numerous studies have discussed the impact of the COVID-19 pandemic on transportation. Some
provide an overview of public transportation and COVID-19, as well as many research issues and
policy initiatives (Tirachini & Cats, 2020). In all the transportation studies related to COVID-19,
authors believe that more research is needed to restore the safety and effectiveness of the public
transit system during the pandemic (Gkiotsalitis & Cats, 2021). Despite these studies, there have
been few studies in the literature that capture the following: public discourse during the early phase
of the pandemic, such as stating whether or not public transit systems are risky during the
pandemic; adverse effects of lockdown on people’s health; insufficient space for cyclists on roads;
and economic loss for transit companies (Osorio-Arjona, Horak, Svoboda, & Garcia-Ruiz, 2021,
Taleqani et al., 2021). We are now over 25 months into the pandemic, with multiple transit
policies and strategies implemented. We need to ascertain their efficacy in order for transit agencies
to be adaptive to changes caused by the virus. Therefore, there is an urgent need to investigate the
public perception of transit systems, especially with new variants of COVID-19 such as Delta and
Onmicron, and increased infection and vaccination rates (i.e., as of January 27, 2022, approximately
63.6 percent of the total U.S. population is fully vaccinated (CDC, 2022)). The public’s opinions
and concerns will help us better understand the transport system’s current challenges and
opportunities. Social media analysis can be an effective tool to analyze the public’s opinions on
transportation.

1.2 Study objectives

The project aims to investigate how comfortable people are with using transit systems, given the
emergence of vaccines and other COVID-19 prevention methods (e.g., use of face masks and hand

sanitizers), via a social media analysis.
1.3 Overview of the Report

The remainder of the report is organized as follows: Chapter Two describes the methodology;
Chapter Three presents the results; while Chapter Four summarizes the key findings, and suggests
policy implementation and future research needs.
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2. Methods

To address our research objectives, we proposed a structured transportation tweet analytics
(Twilytics) framework to analyze public discourse data (i.e., Twitter data) on the impact of
COVID-19 and various responses to it on the different modes of transportation (Figure 1). The
proposed Twilytics framework is divided into four stages: data collection, data processing, data
analysis, and outcomes.

Keywords Step 1: Data Ider\tification &
COVID-19 Extraction
Mask l
Public transit
Bus Step 2: Data Processing
Social distance
Train o 1
Step 3: Data Analysis
e l )
Geographic location, Tweets extracted, location, i h
infection & ‘ infection/vaccination rates | Step 4: Outcomes
vaccination rates ready for analysis : ~

Figure 1. Proposed Transportation Tweet Analytics (Twilytics) Framework
2.1 Data Identification and Extraction

Tweets were collected from the Twitter APl using a Python library called Tweepy
(https://docs.tweepy.org/en/stable/). Tweepy is an easy-to-use python library for accessing
Twitter’s Application Programming Interface (API). It requires the user to have a registered
Twitter developer account. To extract the data, Tweepy requires an API key in the form of a
consumer key, a consumer secret, an access token, and an access token secret, which are obtained
from the Twitter developer account. Tweepy then queries the Twitter search API with user-
defined keywords and stores the results of the search in JSON (JavaScript Object Notation) files
or comma separated value (CSV) files. The extracted tweets include metadata information such as
an identification number (ID), the date, time, and language. The tweets are also geotagged, which
is an assigned geographic location of the Twitter user. The user’s location is extracted as latitude
and longitude information. The geotagged tweet enables us to identify the Twitter user’s location,
and extract infection and vaccination levels for that location to better understand the reason for
their transportation-related tweet. In addition to the tweets, we extracted data on daily infection
and vaccination rates across the United States, which are publicly available on the John Hopkins

COVID-19 dashboard website.

Keywords used to extract the data were classified using the following categories: (a) public transit:
“travel”, “train”, “bus”, “transit”, “rail”, “mobility”, “paratransit”; (b) COVID: “COVID”, “corona”,
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“virus”, “pandemic”, “lockdown”, “social distance”, “community spread”; and (c) vaccination:
“vaccine”, “Johnson”, “Pfizer”, and “Moderna”. These keywords allowed us to have a wide array of
search terms and extract any tweet containing the terms. We extracted tweets between June 2020
and November 2021. This data collection covers the following periods: early pandemic; lockdowns;
the pandemic’s peak; vaccine rollouts; and variants. Within this period, a total of 44,325 tweets
were collected involving the above-mentioned keywords from all fifty US states.

2.2 Data Preprocessing

We processed and cleaned the tweets by removing punctuation signs, special characters, digits,
emoticons, and hyperlinks so that the dataset contained only words. This was implemented using
the Pandas library in Python. We removed retweets and any non-English tweets were excluded
because translation was outside the scope of our study. In addition, we removed stop words (i.e.,
articles or prepositions) from the tweets.

2.3 Data Analysis

In this section, we discuss the methods required for analyzing the data beginning with data
exploration, contextual analysis, and spatial analysis.

2.3.1 Exploratory and Statistical analysis

We performed exploratory analysis to visualize the daily and monthly tweets for our study period.
Then, we performed a one-way analysis of variance (ANOVA) using the Kruskal-Wallis rank-
sum test to investigate if there was any significant difference between the daily and monthly
number of tweets related to public transit and COVID-19. We also conducted a multiple
comparison test using the Wilcoxon rank-sum test with continuity correction to show which
groups differed from each other with respect to tweet frequency. The Bonferroni method was used
to adjust the p-values.

2.3.2 Contextual analysis

In this section, we analyzed the tweets using three approaches: text mining; sentiment analysis;
and topic modeling.

a) Text mining: Text mining is the process of analyzing large amounts of natural-language
text to identify lexical and linguistic usage patterns of significance (Das, Sun, & Dutta,
2016). In text mining, a collection of large and structured text documents is represented by
a corpus, which is then purified by removing redundant words, numbers, and punctuation.
We used word clouds to visualize the results of the text mining analysis.

b) Sentiment analysis: This uses natural language processing, text mining, and computational
approaches to automate the classification of text into sentiments (Hussein, 2018; B. Liu,
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2010; Zhang, Wang, & Liu, 2018). The method has been widely adopted in many fields
including consumer information, marketing, websites, and social media. Sentiment analysis
is an important tool for decision-making today. For this study, sentiment analysis was used
to analyze the transportation tweets, and examine the scores of sentiments. This process
gives us an opportunity to explore the mindset of Twitter users regarding COVID-19 and
public transportation. We classified the tweets in the text corpus according to whether they
expressed positive and negative feelings.

c) Topic modeling: This is a method used for extracting the abstract topics (i.e., word or
phrase patterns) that occur in a collection of documents (Liu, Tang, Dong, Yao, & Zhou,
2016). In this project, we adopted the Latent Dirichlet Allocation (LDA) approach (Blei,
Ng, & Jordan, 2003). LDA is a method used for topic modeling to classify the text in
unstructured documents. It builds a zopic per document model and words per topic model,
each modeled as Dirichlet distributions. The LDA algorithm identifies topics in
unstructured data based on the word frequency from a set of documents, where topics are
composed of a weighted list of words. The words are then categorized into topics, and
these are named using frequently used words combined into a sentence.

The most prominent keywords, based on different events during the pandemic (i.e., early pandemic
stage [March 11, 2020 to December 13, 2020], first vaccine dose [December 14, 2020 to January
15, 2021], second vaccine dose [January 16, 2021 to March 14, 2021], Delta variant [March 15,
2021 to November 22, 2021], booster shot [ November 19, 2021], and Omicron variant [ November
22, 2021]), help to understand the public’s discourse on public transportation. Additionally, we
analyzed the number of tweets related to different modes of transportation with respect to time.
Using Python, we created an extra feature (Boolean value) for verifying the existence of keywords

» « » « »  «

such as “coronavirus”, “train”, “transit”, “airport”, “car”, and “bus”.

2.3.3 Spatial analysis:

We mapped the cleaned results from the contextual analysis to a cleaned location and time data
for the spatial analysis. Each extracted tweet is associated with a geographical location ID,
geographic coordinates, city, state, and country. The analysis in this section is focused on exploring
the sentiments based on (1) infection, and (2) vaccination rates from a cluster of tweet geolocations,
since this affects the type of tweets.

2.4 Qutcomes

The potential results of our proposed Twilytics framework include: (a) emerging themes based on
timelines (which include challenges faced by commuters); (b) prominent themes by location,
overlaid on maps, which will show commuters’ perceptions, and infection/vaccination rates within
the Bay Area; (c) sentiment analysis mapped on themes and topics to capture public perception of
transit systems (i.e., current problems, solutions, and opportunities); (d) recommendations to aid
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transit policymakers, planners, and transportation authorities in the development of guidelines that
will boost and improve the use of public transit systems and restore the systems’ ability to fulfill
their societal role.
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3. Results

3.1 Exploratory Results

The boxplot gives a quick visual assessment of the daily and monthly number of transportation-
related tweets during the pandemic (2020 to 2021). For 2020, we analyzed transportation-related
tweets for the last six months of the pandemic (June to December 2020). As illustrated in Figure
2a, we observed that tweets made on weekdays involved more transportation discussion when
compared to tweets made during weekends. It was also observed that Wednesday had the highest
number (128) of transportation-related tweets by Twitter users. Figure 2b also showed the monthly
distribution of transportation-related tweets using a boxplot for the year 2020. July had the highest
median of 146 tweets related to public transport, indicating that Twitter users were active and

concerned during the early days of the COVID-19 outbreak.

MINETA TRANSPORTATION INSTITUTE 8



250

200

150

No of tweets

100

' '
'
_ '
'
_
'
—_

50

T T T T T T T
Monday Tuesday Wednesday Thursday Friday Saturday Sunday
Days

250
1

200
|

150
Il

No of tweets

100

'
_

'
_

T T T T T T
June July August September October November December

Month

Figure 2. Boxplot Showing the (A) Daily and (B) Monthly Number of Tweets in 2020

Similar analysis was performed for the year 2021 and it was observed that most of the Twitter users
were active during the start of the week (Mondays and Tuesdays) and in contrast users were less
active during the weekends (refer to Figure 3a). The median value for daily transport related tweets
was 63.5 (Tuesdays) and this was less than the previous year by a factor of 50.4. One reason for
this reduction is that researchers, scientists, and public health officials who studied the virus in the
early stages understood how it spread, and could give better insights to transit officials and the
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general public for informed decision-making in 2021. Second, the reduction in tweets can be
attributed to a gradual return to using public transit systems after the implementation of multiple
safety measures including, but not limited to, social distancing, the use of hand sanitizers, the

wearing of face coverings, and vaccines.
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Figure 3. Boxplot Showing the (A) Daily and (B) Monthly Number of Tweets in 2021

The results in Figure 3b revealed that a greater number of tweets (median = 77) were generated
during the months of January 2021 when the first COVID-19 vaccines were administered. In
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addition, we found an increase in the number of tweets (median = 72) in August due to the Delta
variant. This suggested that Twitter users were more actively tweeting about public transportation
when new variants were found, and when vaccinations were rolled out.

The ANOVA test showed there was a significant difference between the number of tweets per day
(p < 0.05). Table 1 presents the multiple comparison results, which shows a statistically significant
difference between tweet frequency and days.

Table 1. Daily Pairwise Comparisons Using Wilcoxon Rank-Sum Test

Monday Tuesday ~ Wednesday  Thursday Friday Saturday
Tuesday 0.457 - - - - -
Wednesday 0.790 0.781 - - - -
Thursday 0.825 0.650 0.825 - - -
Friday 0.732 0.825 0.825 0.790 - -
Saturday 0.229 0.039* 0.129 0.155 0.099 -
Sunday 0.024* 0.004* 0.012* 0.016* 0.007* 0.380

Note: P-value adjustment method: Bonferroni. Asterisk (*): Pairwise comparison is significant at the 0.05 level

The ANOVA test revealed a significant difference between the number of tweets per month (p <
0.05) and the multiple comparison test results showed a statistically significant difference between
the number of tweets per month (Table 2).

Table 2. Monthly Pairwise Comparisons Using Wilcoxon Rank-Sum Test

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov

Feb  0.001* - - - - - - - - - -
Mar  0.043* 0.726 - - - - - - - - -
Apr  0.000" 0.160 0.137 - - - - - - - -
May 0.000¢ 0.000* 0.000* 0.005* - - - - - - -
Jun  0.052 0.485 0227 0.621  0.238 - - - - - -
Jul 0.382 0.071  0.134 0.052 0.000* 0.016* - - - - -
Aug  0.043* 0.000* 0.000* 0.000 0.000* 0.000* 0.750 - - - -
Sept  0.238  0.166 0.634 0.106 0.000© 0.160 0.117 0.001* - - -
Oct 0130 0.750 0399 0.747 0.160 0.947 0.003* 0.000* 0.240 - -
Nov  0.656 0.750 0947 0905 0.160 0.750 0.053 0.071 0.749  0.444 -
Dec  0.000 0.000¢ 0.000* 0.000* 0.000¢ 0.000* 0.747 0.130 0.000* 0.000* 0.027*

Note: P-value adjustment method: Bonferroni. Asterisk (*): Pairwise comparison is significant at the 0.05 level
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3.2 Contextual Analysis Results

After cleaning and processing the Twitter data, we used four corpuses (i.e., based on a set of
keywords) namely “car and COVID-19,” “bus and COVID-19,” “public transit and COVID-19,”
and “travel and vaccine” to generate the word clouds as presented in Figure 4. Larger-sized words
indicated more frequent occurrences on Twitter, which suggest that users discussed them more

often.
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Figure 4. An Analysis of Tweets for the Most Frequently Occurring Words. (A) Car and
COVID-19; (B) Bus and COVID-19; (C) Public Transit and COVID-19; (D) Travel and

Vaccine

Figure 4a presents the exploratory textual analysis of words having high occurrences in tweets with
the keywords “car and COVID-19.” The most frequently used terms were “mask,” “people,”
“travel,” “care,” “card,” and “pandemic.” The tweets corresponding to these words focus on safety
while traveling in a car during the pandemic. It can be inferred from Figure 4b that the top 10
words with the largest dimensions are “bus,” “mask,” “vaccine,” “COVID,” “driver,” “travel,” “kids,”
“school,” “business,” and “time,” indicating that these were the most common points extracted
from tweets on “bus and COVID-19.” The tweets associated with these words included the
following: passenger concerns of riders not wearing masks while on buses; others being harassed
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for wearing masks; and the need for kids to be vaccinated before using school buses. There was
mixed messaging around the use of masks and their effectiveness. This frequency of messaging
interfered with the ability of the government to reduce the spread of the virus and resulted in
people looking for alternative modes of transportation.

Figure 4c represents the word cloud derived from the tweets containing the “public transit and
COVID-19” keywords. The highly occurring words in these tweets were “transit,” “COVID,”
“people,” “bus,” “delay,” “services,” “mask,” “workers,” “shortage,” and “vaccines.” To understand
the broader context in the use of these words, tweets containing these words were analyzed. Twitter
users expressed concern about the slow pace of trains during the pandemic, people being stranded
due to reduced transportation options, and no trust/confidence in public transportation because of
mixed messaging. Figure 4d shows that the most frequently used words in “travel and vaccine”
related tweets were, “mandate,” “passport,” “COVID,” “mask,” “people,” “ban,” “vaccination,”
“country,” and “air.” Tweets containing these words were extracted and evaluated. We observed
the following among Twitter users: they encouraged people to take the vaccine for travel to resume
as this was hurting the economy; concerns were raised on an air travel ban and that the ban created
a bias towards African nations and the need for creating vaccine mandates for travel.

ine roll out

(YR L ! (B)

ave (Alpha)
(Delta)

e (Deita)

e (Alph

First wav

&

Months Months

©) !

wave (Alph

Figure 5. Timeline of Tweet Frequency Related to (A) Public Transit, (B) Buses, (C) Cars, and
(D) Air Transportation

Therefore, based on the corpuses, we focused on two main keywords and investigated their tweet
frequency during the pandemic: public transportation; and modes of transportation (e.g., bus, car,
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and air). The frequency of tweets indicates how interested users are in those keywords. We
visualized the tweet frequency over different timelines during the pandemic (Figure 5). Given the
importance of “public transportation” in our society and the effects of the pandemic on public
transportation systems, we initially represented the frequency of tweets on the subject. Next, we
looked into how frequently tweets about the three forms of transportation in the US—bus, car,

and air—occur.

Tweets on public transportation more than doubled during the initial COVID-19 infection wave,
as seen in Figure 5a. During these periods, we find shifts in tweet frequency. After the second
vaccine rolled out, there was a decrease in the number of tweets referencing public transportation,
which may suggest a rise in confidence to utilize public transportation if one is vaccinated. The
emergence of the Delta variant resulted in an upsurge in tweets about public transportation. This
implies that the public was efficiently using social media platforms to express their worries and
concerns during the pandemic. Figure 5b showed a sharp increase in the number of tweets related
to “buses” during the first COVID-19 wave between March 2020 and July 2020. A gradual decline
in the bus related tweets can be observed from August 2020 as lockdowns and other social
distancing measures were implemented. Furthermore, Figure 5b indicates a fluctuation about the
topic on Twitter after the second vaccination was introduced in the US.

The highest number of tweets were observed during the first wave, and we see that the frequency
of tweets increased along with the infection rates, despite the fluctuations after the second vaccine
rollout (Figure 5c¢). Figure 5d depicts the frequency distribution of tweets about “air” transportation.
The number of tweets fluctuated during the study period. The highest monthly tweet volume was
in July 2020, and the lowest monthly tweet volume was in October 2021.

3.3 Sentiment and Spatial Analysis Results

As the second phase of the contextual analysis, sentiment analysis was performed on the cleaned
Twitter data. The results of the sentiment analysis were merged with the spatial analysis to reveal
the infection and vaccination rates of states across the US.

Part A: Infection rate vs sentiment score distribution

We merged the daily COVID-19 infection rate data from different states in the US with the
sentiment scores of daily tweets to determine the public’s perception of the impact of COVID-19
on public transportation (Figure 6a-f). From June 2020 to August 2020, we visualized the number
of confirmed infections and the sentiment scores for public transportation, as shown in Figure 6a.
Notably, New York had a high infection rate, and 1,503 tweets were related to "public
transportation and COVID or Coronavirus outbreak," with a negative sentiment score of 36.06
percent. As the disease spread across the US, California had the highest confirmed COVID-19
infection rate during the second time frame (September to November 2020) (see Figure 6b). The
number of public transportation tweets generated during this time period was 1,282 tweets, with
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39.24 percent of the tweets having a negative sentiment score, indicating that Twitter users were
concerned about public transit in the state of California and its contribution to the spread of the
virus. Figure 6¢ and 6d show that California remained the state with the highest infection rate,
though a slight decrease in the negative sentiment score was observed. The emergence of the Delta
variant resulted in an increase in COVID-19 infections across the United States and we observed
a modest rise in the number of infections from June 2021 to November 2021. A minor portion of
tweets on public transportation have a negative sentiment score, as seen in Figure 6e and 6f, but
California continued to have the highest number of infections.

(A)

(8)

© o

mmmmmmmmm

Figure 6. Public Transit Sentiment Score and COVID-19 Infection Rate Across the US. (A)
June to August 2020, (B) September to November 2020, (C) December 2020 to February 2021,
(D) March to May 2021, (E) June to August 2021, And (F) September to November 2021
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Part B: Vaccination rate vs sentiment score distribution

Vaccinations were made available to the public in the United States starting in December 2020.
The vaccination data from each state in the United States was retrieved and used in our study to
examine the COVID-19 vaccination rates as well as the public transportation sentiment score
distribution. The vaccination data and tweets were evaluated on a three-month basis (Figure 7).

Figure 7. Public Transit Sentiment Score and Vaccination Rates Across the US. (A) December
2020 to March 2021, (B) April 2021 to June 2021, And (C) June 2021 to November 2021

From Figure 7a-c, it was observed that California had the highest vaccination rate, followed by
Texas. It was also observed that most of the tweets generated during this period in all the quarters
had a positive sentiment score. This implied that Twitter users’ confidence in public transportation
increased as the COVID-19 vaccines were accepted by citizens and administered across the
country. Furthermore, results in Figure 7a-c are correlated with Figure 5a-d, which reveals a
decrease in tweet frequency related to public transportation after vaccines were administered to

citizens in record numbers.
3.4 Topic Modeling Results

As the final phase of the contextual analysis, topic modeling was performed on the processed
Twitter data. The most prominent keywords with respective probabilities associated with different
topics were extracted and listed in a chronological order based on the events that occurred during
the pandemic (Table 3). In order to gain a full understanding of these co-occurring words, we
reviewed sentences containing these word clusters from the processed tweets. Topics without any
meaning were not listed or included in the result.
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Table 3. Top Five Topics from Twitter for Each Keyword Obtained Through Topic Modeling

Topic number

Topic word clusters and their associated probabilities

Early pandemic
1

First vaccine dose

1

Bus (0.011), COVID (0.011), Pandemic (0.010), Trump (0.009), People (0.006), Time (0.006),
Train (0.005), Would (0.005), See (0.004), Quarantine (0.004)

Bus (0.017), Mask (0.015), COVID (0.014), Train (0.011), Wear (0.009), Masks (0.008), One
(0.008), Wearing (0.007), People (0.006), Home (0.006)

COVID (0.022), People (0.011), Get (0.010), Pandemic (0.009), Virus (0.008), Like (0.008),
Train (0.006), Vaccine (0.006), Transit (0.005)

COVID (0.021), Train (0.008), People (0.007), Pandemic (0.007), Vaccine (0.005), Trump
(0.005), Country (0.005), China (0.004), Bus (0.004)

COVID (0.031), Pandemic (0.008), New (0.008), Quarantine (0.008), Days (0.007), Would
(0.006), Thanksgiving (0.005), Holiday (0.005), Test (0.004), home (0.004)

Get (0.009), Pandemic (0.008), People (0.007), Vaccine (0.004), Time (0.004), One (0.004),
Work (0.004), Mask (0.003), Transit (0.003)

Train (0.009), Pandemic (0.008), Get (0.005), Vaccine (0.005), Go (0.004), Need (0.003), Still
(0.003), Even (0.003), Bus (0.003)

Bus (0.009), Pandemic (0.007), Vaccine (0.007), New (0.007), People (0.006), Get (0.005),
Train (0.005), Like (0.005), Home (0.005), Mask (0.004)

Pandemic (0.008), Bus (0.008), Train (0.008), Mask (0.004), Like (0.004), Test (0.004),
Vaccine (0.004), Want (0.004), People (0.004)

People (0.011), Pandemic (0.010), Get (0.008), Vaccine (0.006), Train (0.006), Like (0.005),
Year (0.005), Masks (0.004), Know (0.004)

Second vaccine dose

1

Delta variant

1

Bus (0.010), Train (0.008), Home (0.007), Vaccine (0.006), People (0.005), Please (0.005),
Want (0.005), Due (0.004), Test (0.004), Time (0.004)

Would (0.008), Bus (0.007), Trump (0.005), Could (0.005), Mask (0.005), Train (0.005), Take
(0.004), Vaccine (0.004), Wear (0.004)

Vaccine (0.011), People (0.008), Bus (0.007), train (0.005), Vaccines (0.005), Day (0.005), Like
(0.005), Would (0.005), Think (0.005), Year (0.004)

People (0.010), Train (0.007), Vaccine (0.007), Bus (0.007), Vaccinated (0.005), State (0.004),
Way (0.004), Back (0.004), Round (0.004), Right (0.003)

Mask (0.009), Bus (0.008), Vaccine (0.008), Transit (0.006), People (0.005), Got (0.004), Train
(0.004), Time (0.004), Today (0.004), Work (0.004)

Mask (0.017), Bus (0.016), Train (0.009), People (0.009), Wear (0.008), Wearing (0.008),
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Topic number Topic word clusters and their associated probabilities

Masks (0.007), Still (0.006), Pandemic (0.006)

2 Pandemic (0.010), Vaccinated (0.008), Get (0.008), Bus (0.008), People (0.007), Last (0.005),
Time (0.005), Year (0.005), Train (0.004), Transit (0.004)

3 Train (0.016), Get (0.012), Bus (0.009), Vaccinated (0.008), Vaccine (0.007), Pandemic
(0.007), Mask (0.006), Work (0.006), People (0.005), Time (0.005)

4 Vaccinated (0.011), Vaccine (0.009), School (0.007), Get (0.006), Vaccines (0.005), Bus
(0.005), People (0.005), Fully (0.005), International (0.004)

5 Vaccine (0.009), Test (0.007), Bus (0.007), Vaccinated (0.006), Get (0.006), People (0.006),

Need (0.006), Vaccination (0.005)

Booster shot and Omicron variant

1 New (0.007), Variant (0.007), Train (0.005), Vaccinated (0.005), Back (0.005), Restrictions
(0.005), Take (0.004), Ban (0.004), Africa (0.004), Test (0.004)

2 New (0.012), Variant (0.010), Countries (0.009), Bans (0.008), Africa (0.008), Vaccine (0.006),
Restrictions (0.006), South (0.005), Biden (0.004)

3 Omicron (0.010), Variant (0.009), New (0.008), Africa (0.007), People (0.007), Vaccinated
(0.006), Bans (0.005), Still (0.005), Ban (0.005), South (0.005)

4 Ban (0.010), Variant (0.009), Trump (0.008), Pandemic (0.007), Countries (0.007), People
(0.007), Africa (0.007), New (0.006), Biden (0.006), Time (0.005)

5 Mask (0.006), Omicron (0.006), Variant (0.005), Bus (0.005), Train (0.005), Got (0.005),

Vaccine (0.004), Pandemic (0.004), People (0.004), New (0.004)

Topic modeling on public transportation tweets during the early pandemic phase was conducted,
and the results are shown in Table 3. It revealed that from the early pandemic results, the words
with the highest probabilities in Topic 1 are “bus” (0.011), “COVID” (0.011), and “pandemic”
(0.010), indicating that the public worried on how they were going to avoid the virus while using
bus transportation. The words with small probabilities were “train” (0.005), “would” (0.005), “see”
(0.004), and “quarantine” (0.004), expressing that the public were in support of infected people
needing to quarantine and avoiding the use of public transit. In addition, Topic 2 revealed that the
public supported the idea of commuters wearing a “face mask” (0.015) while taking a “bus” (0.017)
or “train” (0.011). The word clusters in the third topic focus on people getting the vaccines to avoid
contracting the virus while using public transportation. In Topic 4, Twitter users were focused on
public transportation within the “US” (0.007) and other countries like “China” (0.004), where
handling the crisis in general. Lastly, Topic 5 covered commuter concerns about “quarantine”
(0.008), “thanksgiving” (0.005), and other holidays (0.005) during the pandemic. This topic
suggested that members of the public were worried about how they were going to celebrate
Thanksgiving in a safe manner.
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In the first vaccine dose period, for Topic 1, the word “get” achieved the highest probability of
0.009, followed by “pandemic” (0.008), “people” (0.007), “vaccine” (0.004), and “time” (0.004),
implying that the conversation centered around getting people to get vaccinated. The second and
third topic still centered on getting the vaccine before using trains and buses. The need for people
to get vaccinated is still emphasized in the fourth and fifth topics but includes using masks while

on buses and trains to reduce the spread of COVID-19.

According to Table 3, Topics 1 through 4 of the tweets related to the second vaccine dose showed
that with more “people” (0.005) taking the “vaccines” (0.006), they can integrate more in the
society without the worry of transmitting the virus at “home” (0.007). Fully vaccinated (0.005)
people (0.010) (i.e., individuals who have received the first and second dose) gradually returned to
taking public transportation to work in different states across the US. Also, some public discourse
centered on wearing a face “mask” (0.009) while using public “transit” (0.006) and at “work”
(0.004) even if an individual has taken the “vaccine” (0.008), as observed in the fifth topic. Overall,
the section shows the public’s commitment to return to their daily lives and routines after staying
home for an extended period.

In the Delta variant period, for Topic 1, it is seen that “mask” has the highest probability value of
0.017, followed by “bus” (0.016), “train” (0.009), “people” (0.009), and “wear” (0.008). The new
variant caused an increase in infection rates around communities leading to more public discussion
and an increased sense of safety when using public transportation. The second and third topics
deal with fully “vaccinated” (0.008) “people” (0.007) being able to go to “work” (0.006) using public
“transit” (0.004) regardless of the new variant. The fourth topic concerns vaccination in “schools”
(0.007), and as a requirement for “international” (0.004) travel. The final topic is centered on the
“need” (0.006) for people to be vaccinated (0.006) for protection against the new variant.

According to Table 3, Topic 1 of the Booster Shot and Omicron variant period related tweets have
the following clusters: “new” (0.007), “variant” (0.007), “train” (0.005), “vaccinated” (0.005), “back”
(0.005), “restrictions” (0.005), “take” (0.004), “ban” (0.004), and “Africa” (0.004). After evaluating
the tweets containing these words, it was found that users were concerned about the new variant
and were confident in the new vaccines (i.e., the booster shot) but voiced their displeasure at the
travel restrictions and bans placed on African countries. They were concerned that restricting travel
from African countries was biased because the new variant was found there. Topics 2 and 3 show
the public’s stance towards the “Biden” (0.004) administration on removing the travel “restriction”
(0.006) and “bans” (0.005) placed on South Africa. The “bans” (0.010) and new “variant” (0.009)
were the major discussion points in Topic 4. Finally, Topic 5 centers on people wearing face “masks”
(0.006) to protect themselves from the “Omicron” (0.006) variant while using “buses” (0.005) and
“trains” (0.005). Also, Twitter users encouraged people to get the new “vaccines” (0.004) for
increased protection.

MINETA TRANSPORTATION INSTITUTE 19



4. Summary & Conclusions

Conclusions

In this chapter, we summarize the research questions that led to this study. Additionally, we
identify policy implications of the findings for the current study and acknowledge the study’s
limitations. Finally, we recommend areas of opportunity for future work.

Summary of Findings

This report concludes by highlighting a list of significant findings, which can be used as a proxy
for policy development regarding the public’s perception of transportation issues in a pandemic.
This conclusion was made based on the sentiment patterns identified and reported in this study
and their geolocation.

The pandemic adversely affected public transportation usage as well as related businesses. Many
people avoided the use of public transportation and instead preferred private/personal vehicles. In
the worst case, people preferred not to go out due to fear of contracting the virus, and overall, this
affected businesses that depend on public transportation directly or indirectly. One such situation
is the reduction in gas prices and mass layoffs by gas producers. Additionally, service stations were
closing and cutting down workers’ hours as they recorded low patronage.

There was a high probability of spreading the COVID-19 virus while using public transportation
systems. The spread of the virus was a serious concern for commuters as they felt that strict
measures like social distancing and the wearing of face masks could not be fully enforced because
of diverse beliefs held by commuters about the existence of the virus and its spread majorly due to
mixed-messaging. Some people found it difficult to accept that the virus was deadly and different
from influenza. Also, it was out of place for many to believe a vaccine is needed. Therefore, they
remained careless and refused to follow the suggested health guidelines given by public health
experts. These acts made public transportation less attractive for other commuters who believed in

the existence of the COVID-19 virus.

Since the vaccination status of public transit users was unknown, most riders could not make
informed decisions about how to best protect themselves. Although several studies revealed that
face masks help to reduce the spread and transmission of SARS-CoV-2 infection, many users do
not want to rely on them when using public transportation.

The infection rates were correlated with public transportation engagements. Increased infection
rates within communities caused more discussion about public transportation among Twitter users
and vice versa. As more people realized that infection rates were reported from public transport
users, people became increasingly worried about their safety, thereby reducing confidence in the
use of public transportation, and causing a reduction in patronage. As a result of vaccination and
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stricter social distancing measures imposed on the citizenry, we noticed a decline in social media
engagement on public transportation, and an increase in the use of public transportation.

At any given time, there were multiple lines of evidence that showed the public expressing their
concerns on the use of public transportation when there was an increasing spread or emergence of
a new COVID-19 variant. This showed that social media platforms can be a promising medium
for understanding the community’s perspective of public transport. The confidence of transit users
was elevated in the later months of the pandemic. People were adopting the messaging from public
health authorities as they were getting vaccinated, and more strict measures were being adopted
by both individuals and public transport authorities. This improved public transportation use and
reduced the amount of fear being expressed through social media.

Implications for Policymakers Toward a Continued Public Transportation
Engagement

As a result of the COVID-19 pandemic, public transportation, and its associated businesses faced
difficulties. People in those businesses faced mass layofts. Gas stations were less frequented, car
repair shops went days without patronage, and the economy was crumbling. To fight these issues,
with the outcomes of this study, we suggest several strategies that policymakers can develop a
pandemic public transportation plan on how to reduce or circumvent the adverse eftects faced
during a pandemic.

Our first concrete suggestion is to develop a model that continuously harvests social media data,
as it contains transport feedback information, that can be used to improve transportation systems.
For instance, Twitter users encouraged one another to wear face coverings, maintain social distance,
and use sanitizers while traveling in public transit. At different stages of the pandemic, users urged
governments and transit agencies to implement advanced technologies, such as Google Maps data,
to alert transit riders and operators about COVID-19 hotspots and test centers. Some of these
approaches will ensure that public commuters become more adaptable in their adherence to safe
commuting measures, thereby reducing the spread of the virus, and increasing public confidence
in the continuous use of public transportation.

Alternative channels should be explored, and the right influencers (e.g., trusted public officials)
should assist in disseminating policies and guidelines. It was observed that when accurate and clear
health information was conveyed to the public, it increased the acceptability of the vaccine and
improved the numbers who used public transport systems.

Other mediums of communication could be used to convey guidelines and policies. The use of text
messaging with links that show areas of high infection and transmission rates could help guide
commuters on how to protect themselves and their loved ones if they need to be in those hotspot

areas.
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Limitations of the Study and Recommendations for Future Research

We identified multiple lines of evidence on issues surrounding the impact of COVID-19 on public
transportation usage using sentiment analysis from Twitter users. First, we acknowledge the
relatively small sample size used for this analysis, compared to the entire population of the United
States. Second, this study used only tweets from English-speaking users within the United States.
The information from these users may not represent the concerns of non-English users. Their
views are likely to make the findings of this study more robust. Third, we did not consider the
opinions of transport users in the study. Fourth, we did not collect demographic-related
information (e.g., age, race, education, or income) from the users. So, we cannot tell whether users
fall into under-represented groups. Finally, the scope of this study did not go beyond compact
modes of public transport such as cars and air travel. We suggest that future work can investigate
how other modes of transportation, such as bicycles, were affected during the pandemic.
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