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Abstract: While COVID-19 vaccines are generally available, not all people receive vaccines. To
reach herd immunity, most of a population must be vaccinated. It is, thus, important to identify
factors influencing people’s vaccination preferences, as knowledge of these preferences allows for
governments and health programs to increase their vaccine coverage more effectively. Fortunately,
vaccination data were collected by U.S. Census Bureau in partnership with the CDC via the Household
Pulse Survey (HPS) for Americans. This study presents the first analysis of the 24 vaccination datasets
collected by the HPS from January 2021 to May 2022 for 250 million respondents of different ages,
genders, sexual orientations, races, education statuses, marital statuses, household sizes, household
income levels, and resources used for spending needs, and with different reasons for not receiving
or planning to receive a vaccine. Statistical analysis techniques, including an analysis of variance
(ANOVA), Tukey multiple comparisons test, and hierarchical clustering (HC), were implemented to
analyze the HPS vaccination data in the R language. It was found that sexual orientation, gender,
age, and education had statistically significant influences on the vaccination rates. In particular,
the gay/lesbian group showed a higher vaccination rate than the straight group; the transgender
group had a lower vaccination rate than either the female or the male groups; older respondents
showed greater preference for vaccination; respondents with higher education levels also preferred
vaccination. As for the other factors that were not significant enough to influence vaccinations in the
ANOVA, notable trends were found. Asian Americans had higher vaccination rates than other races;
respondents from larger household sizes had a lower chance of getting vaccinated; the unmarried
group showed the lowed vaccination rate in the marital category; the respondents depending on
borrowed money from the Supplemental Nutrition Assistance Program (SNAP) showed a lower
vaccination rate than people with regular incomes. Concerns regarding the side-effects and the safety
of the vaccines were the two major reasons for vaccination hesitance at the beginning of the pandemic,
while having no trust in the vaccines and no trust in the government became more common in the
later stage of the pandemic. The findings in this study can be used by governments or organizations
to improve their vaccination campaigns or methods of combating future pandemics.

Keywords: COVID-19; vaccination preference; Household Pulse Survey; data analysis; ANOVA;
Tukey multiple comparison test; hierarchical clustering

1. Introduction

The 2019 coronavirus epidemic detrimentally affected the lives of billions of people
across the globe. Infecting hundreds of millions of people, it destroyed economies and
caused society to cease to function [1,2]. As of September 2021, COVID-19 has affected
more than 234 million people in 223 countries, areas, or territories, causing over 6 million
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deaths [3]. For example, the statistics from a study conducted in India revealed the severe
consequences of COVID-19 on the country in terms of affecting India’s economy and
causing social unrest and increased rates of domestic violence [2]. To combat and slow the
spread of the COVID-19 virus, governments have implemented protocols such as physical
distancing, mass-facemask usage, and quarantines. However, these non-pharmaceutical
interventions proved intrusive to daily life and were unsustainable [4]. As a result, mass
vaccination presented itself as the most cost-effective and efficient method for returning to
the previous ‘status quo’ [5,6]. However, vaccines were not accepted universally. Studies
conducted by Guillon and Kergall found that only 30.5% of respondents would agree
to get vaccinated when in France [7]. Similarly, a Chinese survey found that 47.8% of
the participants opted to wait until the safety of the vaccine was determined [8]. It is
crucial to determine and analyze the factors that discourage parts of the population from
becoming vaccinated.

Surveys have been conducted to study the factors influencing people’s preference
for vaccination in quite a few countries, including but not limited to European countries,
Arabic-speaking countries, and Asian countries (e.g., China, India, Japan, Iran, and Thai-
land). An overview on those existing survey studies is given below to highlight the factors
influencing people’s vaccination preferences in various countries. Since neighboring coun-
tries have influenced each other in battling COVID-19, the countries are generally listed
below according to their geographic locations. Studies in four European countries (i.e., the
UK, Germany, Italy, and Spain) and India found that the vaccine efficacy followed by the
vaccine cost were considered the most prominent factors in vaccine hesitancy [3], while
studies in France found a direct correlation between knowledge of the vaccine’s safety and
vaccination rates [7]. Meanwhile, the studies conducted by Toshkov 2022 [9] using the
data from Eurobarometer for 27 European Union countries determined that individuals
who trust the Internet and social networks as sources of information on health were less
likely to trust the COVID-19 vaccine. This was further confirmed by the arguments against
COVID-19 vaccines on Facebook in Poland [10]. In addition, trust in institutions was found
to be an important factor behind vaccine acceptance in certain European countries [11,12].
Meanwhile, a study conducted in Poland revealed that fears of adverse side effects and
allergic reactions were the most prominent reasons for vaccine hesitancy [13]. Furthermore,
studies performed in Italy and Germany found that despite their occupation, healthcare
workers were not much more likely to accept the vaccine than ordinary people [14,15]. Stud-
ies conducted in the UK posited vaccine safety [16,17] and distrust in the government [18]
as the top reasons for vaccine hesitancy. Furthermore, ethnic minority groups in the UK
have been found to be less accepting of the vaccine than the white population [19,20]. In
addition, surveys performed in the UK have found individuals who are strongly against
getting vaccinated to be especially affected by incentives of personal benefit [21], and more
than one-third of respondents felt uncertain about the vaccine [22]. The rates of vaccine hes-
itancy were also found to be different by country in Europe; for example, the rate was 6.8%
in Spain versus 61.8% in Bulgaria [23]. Studies performed in Arabic-speaking countries
determined that demographics such as sex, age, and the highest level of education had a sig-
nificant influence on vaccine acceptance [24], with respondents who were male or achieved
higher education being more likely to accept the vaccine [25,26]. Meanwhile, the most
prominent factors behind vaccine hesitation in the Arabic population were determined
to be a fear of adverse side effects and distrust of healthcare policies and centers [27,28].
Furthermore, studies found that Arabs who resided outside of their birth countries were
more likely to get vaccinated [29] and a connection was identified between vaccine hesi-
tancy and unemployment [30]. Another study suggests that the large majority of the Saudi
population are knowledgeable and have positive attitudes about the vaccine [31]. Studies
conducted in China determined that individuals were more likely to accept the vaccine if
they believed in its efficacy [1] and if it had a long and effective lifespan [5]. Conversely,
factors such as the vaccine price and convenience encouraged vaccine hesitancy among
respondents [8]. Meanwhile, concerns of potential side effects were determined to be the
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top reasons for vaccine hesitancy in both children ages 15-17 [32] and medical students in
China [33]. Another study performed in China found that women and those who practiced
preventative measures such as masking and social distancing were more likely to accept the
vaccine [34]. Individuals who were accepting of recommendations from family and friends
had higher vaccination rates [35], and 69% of respondents reported having trust in the
vaccine [36]. Studies conducted in India identified fear of side effects and peer vaccination
rates as important influencers in vaccine acceptance [2]. Other factors such as the percep-
tion of the vaccine being necessary, trusting the government, and indifference towards the
vaccine costs were all correlated with vaccine acceptance [37]. Another study conducted
in India found that although 33.1% of respondents were hesitant to get the vaccine, only
50% were confident in the vaccine’s efficacy [38]. Meanwhile, medical students in India
who were hesitant about the vaccine were more likely to absorb medical information from
social media rather than from teachers at medical school [39]. Studies conducted in Japan
concluded that respondents who were older, married, or achieved higher education were
more likely to get vaccinated [40], and that the vaccine’s efficacy and side effects had the
most significant impacts on vaccine preference [41]. A study performed in Iran found that
respondents who were older, female, or working in healthcare were less likely to accept the
vaccine [42], while a study in Pakistan identified income, education level, and contact with
COVID-19 as significant influences on vaccine preference [43]. A study conducted in Thai-
land found political affiliation to be a significant factor on not only vaccine acceptance, but
also vaccine type [44]. Studies from both Europe and Asia [44,45] concluded that the idea of
vaccination was not only swayed by pre-existing attitudes, but also by ethnic background,
country of origin of the vaccine, duration of immunity, and political affiliation. In particular,
studies conducted in the politically divided nations of Thailand and Hungary showed
that support for the governing political party was directly correlated to the acceptance of
the government-approved vaccine [44]. Vaccine acceptance in Thailand was also based
upon ethnic biases, as Western-made vaccines were overwhelmingly more preferred over
vaccines produced in China. Likewise, Hungarians were more inclined to accept an Eastern
vaccine from Eastern countries (e.g., Russia or China) than other Central Europeans, a
circumstance linked to the growing rift between Western Europe and Hungary [45]. On the
contrary, the Chinese public was found to be more accepting and less afraid of a domestic
vaccine [1]. Furthermore, studies conducted in the United States revealed that African
Americans were the most skeptical of coronavirus vaccination. This distrust, caused by
concerns of underlying racism in the healthcare system and medical injustices such as the
Tuskegee Syphilis Study, was a focal point of the American vaccination campaign [46,47].
Similar studies performed in China showed that vaccine hesitancy was linked to a low
perceived benefit, low risk of the virus, concern about fake or faulty vaccines, as well as
income affecting the willingness to pay, all owing to the tight lockdown and quarantine
procedures enforced by the Chinese government [48,49]. Parallels can be drawn to another
study for household income, as an Indian survey found that low-income respondents were
nearly 1.5 times as likely to receive a vaccine when compared to high-income participants.

While the aforementioned surveys or studies reveal certain factors for vaccination
preference, few studies have been conducted with the consideration of these factors for
Americans’ preferences in vaccination. An analysis of the elements relating to vaccine
reluctance is essential when combating COVID-19 or any future epidemic. The World
Health Organization identified vaccine hesitancy as one of the top dangers to world
health in 2019 [50], and the coronavirus epidemic proved that vaccine hesitancy was not
linked to a single set of factors, but to a multitude of elements depending on, but not
limited to, ethnicity, education, marital status, household size, and sexual orientation.
Fortunately, the U.S. Census Bureau in partnership with the CDC conducted the Household
Pulse Survey (HPS) [51,52] in which questions on various factors concerning vaccination
reluctance in the U.S. were designed for twenty-four 20-min online surveys from January
2021 to May 2022. The Household Pulse Survey is the first nationally representative survey
providing timely information about the most comprehensive factors that reflect the social
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and economic implications of COVID-19. The sample pool consisted of around 250 million
people selected via the Master Address File (MAF), which is a system in which the survey
could be distributed to the most representative households in the country. Since the survey
was designed to collect and distribute the data efficiently, the data were collected in phases
in which new demographics could be surveyed. Certain studies have been performed with
the HSP data due to the high reliability and abundance of information. For example, a
study conducted by Cai et al. [51] utilized the HSP data to evaluate trends in anxiety and
depression systems during the coronavirus pandemic. Another study made use of the HSP
data to analyze the racial and ethnic disparities in household food insecurity during the
pandemic [52]. Differing from these existing studies, in this study we utilized the HSP data
to examine potential reasons for vaccine hesitancy. In addition, more factors, including but
not limited to race, age, education status, marital status, household incomes, household
sizes, income resources, and sex orientation, were included in the 24 datasets in this study.
As no comprehensive study has been performed with these datasets on a multitude of
factors suspected to impact rates of vaccine acceptance in the U.S., this work presents the
first comprehensive study on the HSP vaccination preference data.

Since the HPS database contains 24 datasets that include many factors for vaccination
preference, an analysis of variance (ANOVA), a statistical analysis technique commonly
used to determine if there is statistical difference in the means of three or more independent
groups [53-56], was used to determine if people show statistical differences in their vaccina-
tion preference because of age, gender, sexual orientation, races, education status, marital
status, household size, household income level, resources used for spending needs, and rea-
sons for not receiving or planning to receive a vaccine. A Tukey multiple comparisons test,
which is similar to the t-test but with multiple pairwise comparisons [57], was further used
to identify the groups with statistical differences in their vaccination preference for each of
the aforementioned ten categories of factors. The hierarchical clustering method [58,59]
was also used to illustrate the differences in the different groups’ preferences for vaccina-
tion. Moreover, the most dominant reasons for vaccine rejection were analyzed from the
datasets. RStudio, a free open-source software used for data science, was used to compile
and analyze the 24 datasets chosen for this study. The results from this research could
provide valuable information regarding vaccine hesitancy to governments or organizations
battling future pandemics.

2. Materials and Methods
2.1. The Household Pulse Survey Dataset on COVID-19 Vaccination

The datasets utilized within this study were derived from the Household Pulse Survey
conducted by the U.S. Census Bureau in partnership with the CDC. For this study, only
data from adults over the age of 18 were used because vaccination data for younger ages
did not become available until the vaccine was approved for minors later in the vaccination
rollout process. The Household Pulse Survey started on 23 April 2020 and continued
through numerous phases, including phase 1 (23 April 2020 to 21 July 2020), phase 2
(19 August 2020 to 26 October 2020), phase 3 (28 October 2020 to 29 March 2021), phase 3.1
(14 April to 5 July 2021), phase 3.2 (21 July 2021 to 11 October 2021), phase 3.3 (1 December
2021, to 7 February 2022), and phase 3.4 (2 March to 9 May 2022). While the Household
Pulse Survey began in April 2020, the first set of vaccination data became available on
6 January 2021, in phase 3. Since the main focus of the study was on the vaccination
data, 6 January 2021 was called period 1 for the vaccination survey. Furthermore, phases
3.3 and later maintained the two-week collection periods but shifted to a two-weeks on,
two-weeks off approach. Despite this, continuous period indexes were used for these
collection “weeks” to maintain continuity. There were 24 datasets in total used in this study
for vaccination preference. Because some options and categories were added in later weeks
of the survey, the categories with all data for all periods were prioritized, with gender and
sexual orientation being two exceptions with only 12 datasets.
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The specific datasets utilized in this study include the numbers of vaccination cases for
people from different groups of ages, genders, sexual orientations, races, education statuses,
marital statuses, household sizes, household income levels, resources used for vaccination,
and reasons for not receiving or planning to receive a vaccine. The data provided in the
Household Pulse Survey only contain general statistical information for these ten categories.
For example, each of the 24 datasets is listed in a table to show the total number of survey
participants, the number of vaccinated participants, and the number of participants not
vaccinated for each group in each category (e.g., ages 18-24 (Agel8), ages 25-39 (Age25),
ages 40-54 (Age40), ages 55-64 (Age55), and ages 65 and over (Age65)). The information
for the ten categories (e.g., ages, genders, and races) is not integrated for any individual
participants so that no personal information is provided. This limits the possibility to study
the interactions of these ten categories in terms of participants’ vaccination preferences.

2.2. Statistical Analysis of the Dataset to Identify Factors for Vaccination Preference in the U.S.

The data for the age category are used as an example in Figure 1 to illustrate the
statistical analysis procedure implemented in this study. The data from the Household
Pulse Survey first were downloaded onto a Microsoft Excel spreadsheet and sorted into
sampling periods, with each period composed of data on the vaccination preferences of
various groups of sociodemographic information. In order to prepare the data for analysis,
it was necessary to extract the data. To do so, the data were organized into a matrix where
each row represented each option in the survey (e.g., different age groups in Figure 1A),
and each column was grouped into trios: the first column represented the total number
of respondents in that category, the second column represented participants who had
been vaccinated, and the third column represented participants who had not or would
not get vaccinated. Due to the varying numbers of total responses for each category in
each sampling period, the data were translated into percentage profiles by normalizing the
participants with and without vaccination by the total number of participants in each period.
Only the results for the vaccination percentage data were shown in this work, as similar
conclusions were obtained from the analysis of the data for the non-vaccination percentage.

After the data were extracted and integrated into a matrix for each of the ten selected
categories (e.g., ages and races), they were imported into Rstudio (a user interface of the
R language) for a subsequent analysis. In particular, R programs were written to create
graphs to illustrate similarities and differences for each option in each of the ten categories
over the 24 time periods. The data matrix for each category was then analyzed via an
analysis of variance (ANOVA) test. The purpose of an ANOVA test was to analyze the
data matrix to conclude if the groups of participants in each category show statistically
significant differences in vaccination preference. Since each data matrix had more than two
groups (which is the constraint of the ¢-test), the ANOVA was more suited to analyze the
statistical differences. The ANOVA test produces a p-value that indicates whether or not the
options showed significant statistical differences. If the p-value is less than 0.05, it supports
an alternate hypothesis, meaning there is a statistical difference in vaccination preference
in the groups of survey participants in the studied category. However, if the p-value is
higher than 0.05, there is evidence to support the null hypothesis, meaning that there is
no statistical difference in vaccination preference in the studied category. An ANOVA was
conducted for each of the following nine categories: ages, genders, sexual orientations,
races, education statuses, marital statuses, household sizes, household income levels, and
resources used for vaccination. The last category, i.e., reasons for not receiving or planning
to receive a vaccine, was not analyzed with an ANOVA, as the options in it may not have
been independent of each other (e.g., concern for vaccine safety versus concern for vaccine
side-effects).

While an ANOVA will indicate whether there is a significant difference in vaccination
preference in the studied category, it will not show which groups of participants have
significantly different vaccination preferences. A Tukey multiple comparison test was, thus,
conducted to further validate the category with no significant differences (all p-values in
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Tukey Multiple Comparison
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the paired groups with p-values higher than 0.05 in the Tukey multiple comparisons test) or
identify the pairs of groups with significant differences in vaccination preference (the pairs
with p-values less than 0.05). Compared with a t-test, a Tukey multiple comparisons test can
analyze all groups of participants in the category (not being limited to two groups at one
time like the t-test) and correct the family-wise error rate. Finally, hierarchical clustering
was performed to present the similarities of different groups in their vaccination preference
in a dendrogram (no matter whether a significant difference in vaccination preference was
detected or not for the category). Each cluster is distant from one another and allows for
a tree-like visual, representing which sets of data share similarities and which are widely
different from one another. In particular, the groups at similar heights in the dendrogram
(e.g., Agel8 group and Age25 group in Figure 1D) show similar preferences in vaccination,
while the groups more distant from each other (e.g., the Age65 group and Agel8 group in
Figure 1D) show less similarity in their vaccination preference.

Time periods

(D)

Hierarchical Clustering

- Identifies the groups with similar
vaccination preference profiles
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Figure 1. An overview of the statistical analysis approach implemented in each sociodemographic
category: (A) data extracted and translated into a percentage data matrix for the category (e.g., ages);
(B) the ANOVA of the data matrix to indicate whether a significant difference in vaccination preference
was detected in different groups in the category; (C) Tukey multiple comparisons of paired groups
in the category to identify those pairs of groups showing significant differences in their vaccination
preference; (D) hierarchical clustering to illustrate the similarities shown in vaccination preference
profiles of different groups in the category.

3. Results

This study analyzed various categories of factors that could have affected the respon-
dents” attitudes toward COVID-19 vaccines: age, education level, race, household size,
gender, sexual orientation, marital status, sources, household income, and reasons for non-
vaccination. The data were used to draw graphs that were then analyzed via an ANOVA to
determine whether a specific category or factor had a statistically significant influence on
the vaccine preference. The Tukey multiple comparisons test was then used to examine the
statistical significance of the differences in vaccine preference between different groups of
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that factor. Hierarchical clustering diagrams were finally utilized to illustrate the similarity
of different groups for the selected factors in terms of their vaccination preference.

3.1. The Preferences of People from Different Ages for Vaccination

Figure 2A illustrates the vaccination percentages of people in different age groups. It
is interesting to see that people from older age groups generally show higher preference
for vaccination. In particular, the Age65 group had the highest vaccination rate. This
may be due to participants in this age group being prioritized during the time of limited
vaccine production. An ANOVA was conducted to study whether any age group showed
a significant difference in their preference for vaccination. The p-value returned from the
ANOVA was 0.021. Since the p-value was less than 0.05, the people with different ages did
show a significant difference in vaccination preference. Meanwhile, the Tukey multiple
comparisons test demonstrated that people from the Age65 group had a stronger preference
for vaccination than people from the Agel8 group (p-value 0.025) and people from the
Age25 group (p-value 0.055, close to 0.05). To further validate this result, hierarchical
clustering was implemented to show the similarities of vaccine preferences between the
different age groups (Figure 2B). The figure reveals that people from the Age65 group had
the least similarity to people from the Agel8 and Age25 groups and that the older age
groups were generally separated from younger ones.

100
1

1.2

O-0-2=
8 - p-0-0-0-0-0-0-018:878>0<g o
0-0-0-2" 0-0-92° ©
o’ -8:8-0:g> o 9]
/378‘ / o |
o 73‘ ° - <

60
I

Percentage(%)
40
1
o
\\
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06 0.8
1 1

o 8 — Agel8 <
T 287" o — Age25 e
_»,3;9‘:,0’ — Aged0 N
&70-0" Age55 -
o4 ° Age65 ° % %
T T T T * 2 2 2
5 10 15 20 §, ﬁ,
Time periods
(A) (B)

Figure 2. (A) The historical profiles of vaccination percentages for different age groups; (B) the
hierarchical clustering results for different age groups based on their vaccination rates over the
sampling periods. One sampling period generally stands for two weeks (started from 6 January 2021).
Meaning of legend items: Agel8: people at the age of 18 to 24; Age25: people aged 25-39; Age40:
people aged 40 to 54; Age55: people aged 55 to 64; Age65: people aged 65 or higher.

3.2. The Preferences of People with Different Education Levels towards Vaccination

In Figure 3A, each line represents a different level of academic achievement, ranging
from individuals who have not graduated from high school to those who hold a bachelor’s
degree or higher, with data collected at the end of each interval. The visual analysis of the
graph revealed that the growth of each group follows a general exponential growth model
until approximately the 7th sampling period, where the vaccine percentage values begin to
level out. The ANOVA provided a p-value of 0.046. As this value is less than the alpha level
of 0.05, there was evidence to reject the null hypothesis (i.e., the mean difference of each
group was statistically similar to one another). This hypothesis was further reinforced by
the results of a Tukey multiple comparisons test: the mean difference between the groups
‘bachelor or higher” and ‘less than high school” yielded a p-value of 0.038, proving that
the difference in means was statistically significant due to being less than the alpha level.
Furthermore, the group ‘bachelor or higher” was shown to be the least similar to the cluster
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of groups ‘less than high school” and ‘high school or GED” when an analysis of a cluster
dendrogram obtained through hierarchical clustering was performed (Figure 3B).

100
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Some College/Associate’s Degree
Less than high school
High School or GED

Time Periods

(A) (B)

Figure 3. (A) The historical profiles of vaccination percentages for groups with different education
levels. (B) The hierarchical clustering result for groups with different education levels based on their
vaccination rates over sampling periods.

3.3. The Preferences of People of Different Races for Vaccination

Through the ANOVA that was conducted to determine whether race played a signifi-
cant role in vaccination preference, a p-value of 0.19 was found. Since this value was not
less than or equal to 0.05, it can be concluded that race was not an important factor in the
differences in vaccination preference. This hypothesis was further supported by the Tukey
multiple comparisons test, which tested whether any particular racial group had a stronger
preference towards getting vaccinated. All p-values obtained from the test suggested that
none of the racial groups had a stronger preference over the others. The two comparisons
with the closest value to 0.05 were the Asian group compared to the others group (with two
or more races) with a p-value of 0.15, and the Asian group compared to the Black group
with a p-value of 0.29. Although there was no statistical evidence that any of the groups
favored vaccination more than the others, Figure 4A shows that the Asian group generally
surpassed every other racial group in their vaccination percentages. This showed that
while a difference did exist, the difference was not significant enough for the ANOVA test
and the Tukey multiple comparisons test to conclude a statistically significant difference
between racial groups in terms of getting vaccinated. The hierarchical clustering result
in Figure 4B supports the data found in the Tukey multiple comparisons test by showing
how the Asian group was the most different from the others and Black groups. Figure 4B
also shows that the White and Latino racial groups were most similar to each other in their
vaccination preferences, while the Black and others racial groups were most similar to each
other in their vaccination preferences.
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Figure 4. (A) The historical profiles of vaccination for different racial groups. (B) The hierarchical
clustering results for different racial groups based on their vaccination data. Latino: Hispanic or
Latino; White: White alone, not Hispanic; Black: Black alone, not Hispanic; Asian: Asian alone, not
Hispanic; Others: two or more races + other races, not Hispanic.

3.4. The Preferences of People with different Household Sizes forf Vaccination

As can be determined by a brief firsthand examination of Figure 5A, the rates of
vaccination among every household size increase at an exponential rate until the 7th
sampling period. With the exception of household sizes 5, 6, and 7+, which continue to
fluctuate more significantly, the percentages of vaccine acceptance largely flatline from the
7th time period onwards. Then, in order to determine whether the household size played an
important role in the respondents’ decisions to get vaccinated, an ANOVA was conducted,
which returned a p-value of 0.13. Because this value is larger than 0.05, it can be concluded
that the null hypothesis is true, or that differences in the respondents” household sizes did
not have a significant corresponding effect on their vaccine preferences. This result was
further corroborated by a Tukey multiple comparisons test, which only returned p-values
of no less than 0.12 (households with 2 people versus households with 7+ people). Since
no value was less than 0.05, there was no extraordinary difference between the vaccine
acceptance rates of respondents from any two differing household sizes. Figure 5B further
validates this result, showing the similarities of each household size by vaccine acceptance.
Notably, the household size with 7+ people appeared as an outlier both in the hierarchical
clustering and the previous Tukey multiple comparisons test, but not to a significant enough
degree to consider the alternative hypothesis, or that differences in respondents” household
sizes did have a significant corresponding effect on their vaccine preference.
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Figure 5. (A) Historical vaccination profiles by household size, (B) hierarchical clustering of different
household sizes by historical vaccination data.
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3.5. The Preferences of People with Different Marital Statuses for Vaccination

It can be observed from Figure 6A that each of the groups increased exponentially
(until around the 7th sampling period) in a specific order. Throughout the graph, the
order remained the same with much overlap: the status “widowed” continuously had
the highest percentage, with the “married” status being second, “divorced/separated”
being third, and “never married” remaining last. Before the 7th sampling period, the
“divorced/separated” status and “married” status were more clumped together. From
period 7 onwards, each groups’ data points remained mostly stagnant, as the only change
that occurred was that the points of the groups gradually moved closer. Since the ANOVA
returned a p-value of 0.26, which was greater 0.05, the null hypothesis was accepted,
meaning the groups with different marital statuses did not show a significant difference in
their preference for vaccination. A Tukey multiple comparison test also returned p-values
that were all above 0.05, further indicating no significant difference between the groups
with different marital statuses. Although the difference between different marital groups
was not significant, Figure 6B does show that the participants from the “widowed” group
and the “married” group were less similar to those from the “married” group and the
“divorced/separated” group.
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Figure 6. (A) Historical vaccination data for participants with various marital statuses. (B) The
dendrogram obtained through hierarchical clustering for groups with different marital statuses.

3.6. The Preferences of People with Different Income Sources for Vaccination

Figure 7A illustrates that all resources increased exponentially until the 6th and 7th
time periods. After the 7th period, the ‘Reglncome’, ‘credit or loans’, and ‘savings’ groups
maintained a relatively consistent pattern, while the others showed significant fluctuations.
Of all the datasets, the resources from the regular income remained the greatest until period
14, where ‘credit or loans’ surpassed this group. The resources from ‘SNAP’, however,
consistently had the lowest percentage. Moreover, the p-value from the ANOVA was 0.27
(p > 0.05), which indicated that the eight groups with different income resources did not
have significant statistical differences in vaccination preference. This result was reflected
in the Tukey multiple comparisons test, where the returned p-values were all above 0.05.
Furthermore, the hierarchical clustering in Figure 7B demonstrated similarities between
participants with a ‘regular income” and ‘credit or loans’, between ‘savings” and ‘stimulus’,
and between ‘borrowing’ and ‘SNAP’. The less similar groups, such as ‘regular income’
versus ‘SNAP’, are located in separate branches in Figure 7B.
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Figure 7. (A) The historical profiles of vaccination for people with income sources from the last
7 days. (B) A dendrogram obtained through hierarchical clustering based on income resources.
RegIncome: regular income sources like those used before the pandemic; Credit or Loans: credit
cards or loans; Savings: money from savings or selling assets; Borrow: borrowing from friends or
family; UI Benefit: unemployment insurance (UI) benefit payments; Stimulus: stimulus (economic
impact) payment; Deferred: money saved from deferred or forgiven payments (to meet spending
needs); SNAP: Supplemental Nutrition Assistance Program.

3.7. The Vaccination Preferences of People with Different Household Incomes

An ANOVA was conducted to study whether those with different household incomes
showed significant differences in their preference for vaccination (Figure 8A). The p-value
returned from the ANOVA was 0.22. Since the p-value was more than 0.05, the households
with different incomes did not show significant differences in vaccination preference.
Although the data collectively did not show conclusive evidence proving a substantial
variation in vaccination results, a Tukey multiple comparisons test was performed, which
showed that people from the “>$250,000” group had a slightly stronger preference for
vaccination than people from the “<$25,000” group (p-value 0.23). Although the p-value was
not less than 0.05, it was the lowest p-value calculated from the Tukey multiple comparisons
test. The results between the highest salary and lowest salary showed the most sizable
difference. To further validate the results, hierarchical clustering was implemented to show
the similarities of different household income groups in their preferences for vaccination
(Figure 8B). This showed that people from the “>$200,000”, “$199,999”, and “$149,999”
groups showed the least similarity to people from the “<$25,000” group.
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Figure 8. (A) The historical profiles of vaccination for participants with different household in-
comes. (B) A dendrogram obtained through hierarchical clustering for participants with different
household incomes.

3.8. The Preferences of People with Different Genders for Vaccination

Unlike the factors listed in previous subsections, there were only 12 samples of vacci-
nation data available on gender and sexual orientation, as these categories were added onto
the survey questionnaire in the middle stage of the Household Pulse Survey. The options
that were used in this category included cisgender male, cisgender female, and transgender.
The ANOVA returned a p-value of 0.002, which was smaller than 0.05. It can, thus, be
concluded that gender had a significant impact on vaccination preference. With evidence
from Figure 9A, it can be observed that the vaccination rates of transgender people were
relatively lower than the rates of male and female people for the first ten sampling periods,
before climbing up and reaching rates higher than those of male and female people during
sampling periods ten to twelve. Nevertheless, the vaccination rates for males and females
stayed comparatively constant throughout the whole period of data collection.

The Tukey multiple comparisons analysis indicated that the transgender group held a
p-value of less than 0.05, as compared with either the male or female groups, with p-values
of 0.010 and 0.002, respectively. This also indicates that the transgender group showed sig-
nificant differences from the other two groups in their vaccination preference. By analyzing
the hierarchical clustering diagram, it can be seen that the “transgender” group had less
similarities with both the male and female groups in terms of vaccination preference.
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Figure 9. (A) The historical profiles of vaccination for various genders. (B) The hierarchical clustering
for different groups based on their gender.
3.9. The Preferences of People with Different Sexual Orientations for Vaccination
Similar to the factor ‘gender’, the data for ‘sexual orientation” were only sampled in
the last 12 periods. This category included three options: “gay/lesbian”, “straight”, and
“bisexual”. The p-value returned from the ANOVA was less than 0.001. Since this value
was lower than 0.05, the sexual orientation had a significant impact on the participants’
vaccination attitudes. As seen in Figure 10A, the vaccination rates of the straight group
always fluctuated below those of the bisexual and gay/lesbian groups. The gay/lesbian
group surpassed all other groups when it came to vaccination rates. The Tukey multiple
comparisons test further strengthened this conclusion by showing that the gay/lesbian
groups had a similarity p-value of less than 0.05 with either the straight group or the bisexual
group. This trend was also reflected in the hierarchical clustering diagram (Figure 10B), in
which the gay/lesbian group had less similarity with the straight and bisexual groups.
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Figure 10. (A) The historical profiles of vaccination for various genders. (B) The hierarchical clustering
for different groups based on their gender.
3.10. Reason for Not Receiving or Planning to Receive Vaccines

The following nine reasons were surveyed in all 24 datasets: (1) concerned about
possible side effects; (2) do not know if a vaccine will protect me; (3) do not believe I need a
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vaccine; (4) doctor has not recommended it; (5) plan to wait and see if it is safe; (6) concerned
about the cost; (7) do not trust COVID-19 vaccines; (8) do not trust the government; (9) do
not think COVID-19 is a big threat. The numbers of people not receiving or planning to
receive vaccines due to each of these reasons are shown in Figure 11. It can be seen that
concerns regarding the side effects (reason 1, the blue curve) and vaccine safety (reason
5, the cyan curve) were the two dominant reasons for people not taking vaccines at the
beginning of the pandemic. It can be recognized that the number of people not taking
vaccines due to these two reasons generally decreased over time. “COVID-19 is not a big
threat” seemed to show a slight gradual increase throughout the time periods. “Do not trust
COVID-19 vaccines” and “do not trust the government” generally had the highest numbers
of non-vaccination cases besides the two dominant factors. “Doctor has not recommended
it” and “concerned about the cost”, on the other hand, were the reasons that had generally
the lowest numbers of non-vaccination cases.
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Figure 11. The historical data for the numbers of non-vaccination cases due to the nine reasons listed
in the survey.

4. Discussion
4.1. Factors with Significant Impacts on Respondents’ Vaccination Preferences

This study presents the first analysis of vaccination data from the Household Pulse
Survey data to deeply investigate and identify various sociodemographic factors that
strongly influence vaccine preference in the U.S.. The findings of this study suggest that an
individual’s age plays an important role in his or her decision to get vaccinated (p-value
0.021). In particular, the respondents who were at least 65 years old showed a significantly
greater preference for vaccination than those who were 18-24 years old or 25-39 years
old. These findings are consistent with previous studies that claimed that COVID-19 is
particularly threatening to the elderly, where elderly individuals were allotted priority
access to vaccines [60]. Hence, as reflected in the data, those who are at least 65 years old
are more likely to receive the vaccine. However, disparities in vaccination rates do not
exist solely between these polar age groups. With the exception of ages 18-24 and 25-39,
which frequently fluctuated and overtook each other over the course of the survey, older
age groups generally showed higher vaccinations rate than younger ones (Figure 2). Thus,
the data suggest a directly proportional relationship between age and vaccination rates.

Through the same data analysis methods, this study identified education level as
a prominent factor in vaccine preference (p-value 0.0464), with a statistically significant
difference in vaccination rates between respondents with a bachelor’s degree or higher
and those with less than a high school education. These results suggest that individuals
who have reached higher levels of education are more likely to accept the vaccine than
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those at lower levels, which builds upon the existing evidence of this hypothesis from past
studies [25,61,62]. Coupled with data that identified the fear of potential side effects as a
top reason for vaccine hesitancy (Figure 11), these results may support the belief that those
with greater education are generally knowledgeable about the vaccine’s side effects and
more willing to get vaccinated [63].

Individual gender was also determined to have a significant impact on vaccine prefer-
ence (p-value 0.002). In particular, the difference in vaccination rates of individuals who
identified as transgender compared to those who identified as cisgender males or females
was statistically significant. These data indicate that transgender individuals are more
likely to reject the vaccine than cisgender males or females. Another notable observation
that can be made from the data is that males and females shared very similar percentages
of vaccination throughout all 12 sampling periods of data collection (Figure 9). This result
was different from the findings of previous studies, which had shown women to be less
likely to accept the vaccine than men [7,40,50,64]. The difference may have been due to the
different countries involved (European region for [7,50], Japan for [40], and Hong Kong
for [64]) compared to this study (i.e., the U.S.).

Another factor that demonstrated an important influence on the individual vaccine
preference was sexual orientation (p-value less than 0.001). The data show that individuals
who identified as gay or lesbian were consistently more likely to accept the vaccine than
those who identified as straight or bisexual (Figure 10). Unlike other common factors such
as age and education that have been included in existing surveys or studies, few general
statements or assumptions have been made towards groups belonging to different sexual
or gender identities. While this study reflects the impact of sexual or gender identities on
vaccination preferences, further research is needed to sufficiently explain these findings.

While the aforementioned factors (i.e., age, education status, gender, and sexual
orientation) were found significant by the ANOVA regarding vaccination preference, certain
patterns were found in the vaccination profiles for other factors. Although these patterns
were not significant enough in the ANOVA, they are of value for further investigations.
These patterns include: (1) Asian Americans showing stronger preferences for vaccination
than other races (Figure 4); (2) lower vaccination rates were generally found in larger
households (Figure 5); (3) the respondents who had never been married returned relatively
lower vaccination rates than respondents with other marital statues (Figure 6); (4) the
respondents whose incomes were borrowed or depended on the Supplemental Nutrition
Assistance Program (SNAP) showed relatively lower vaccination rates than respondents
living on other income sources (Figure 7); (5) respondents with higher household income
levels generally had higher vaccination rates (Figure 8).

4.2. Major Reasons for Respondents’ Vaccination Hesitancy

Among the various reasons individuals reported for vaccine hesitancy, the concerns
regarding the potential side effects and vaccine safety were most prominent at the initial
phases of data collection (Figure 11). This finding could be attributed to the lack of
information on the COVID-19 vaccine available to the general public when distribution
first began. Although fears of adverse side effects have remained the top reason for
vaccine hesitancy, this explanation is further corroborated by the sharp decline in the two
aforementioned reasons as more information on the vaccine circulated over time (Figure 11).
Another significant trend observed in the figure was the steady increase in individuals who
refused the vaccine because they did not consider the outbreak of COVID-19 as a serious
pandemic. This finding suggests that over time, individuals began to see the pandemic as
less dangerous, which may have been a result of gradual reductions in COVID-19 cases
and deaths as vaccination rates increased in the U.S. This public attitude reached state
authorities, as evidenced by attempts to soften preventive measures such as quarantining
and masking [47]. However, these scenarios were often followed by new outbreaks of
the pandemic which caused increases in new COVID-19 cases [65]. Thus, care should be
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taken in the future to contain any similar pandemic more strictly before starting to lift
preventive measures.

Meanwhile, concerns about the price of the COVID-19 vaccine decreased steadily over
time, eventually becoming the least influential reason for vaccine hesitancy (Figure 11).
This finding may have been the result of the gradual introduction of programs that offer
cost-free vaccines to the public. The number of individuals rejecting the vaccine due to their
distrust of the government fluctuated frequently (Figure 11). This pattern may reflect the
wavering public responses to the U.S. government’s methods of containing the COVID-19
pandemic. Additionally, as the vaccine’s efficacy was proven as time went on, the number
of individuals who were doubtful of whether the vaccine would protect them generally
decreased (Figure 11).

4.3. Limitation of This Study

This study was based on the vaccination data provided in the Household Pulse Survey
on 250 million people from January 2021 to May 2022 January in the U.S.. Therefore, the
conclusions on the factors showing significant impacts on people’s vaccination preferences
are limited to the 250 million survey respondents. Although this HPS dataset represents
the most comprehensive data available on vaccination preferences in the U.S,, it only shows
the numbers of people taking vaccines from the different groups within each category
(e.g., different age groups for the age category). The data between different categories of
factors were not linked to individual respondents. Therefore, no integrated information
was provided across the categories of factors for individual survey participants. This
limited the investigation of the interactions between those factors. Person-based surveys
are recommended for future studies to address this issue. Moreover, questions on the types
of vaccines should be included in future surveys to obtain a more comprehensive view of
people’s vaccination preferences.

5. Conclusions

This study analyzed the factors and reasons that altered people’s vaccination hesitancy.
The results were divided into categories, and each category was divided into multiple
subgroups (e.g., “Asian’ and ‘Latino’ for the category ‘race’). The results demonstrated
that sexual orientation, gender, education, and age had the most significant influences
on vaccination attitudes. For the category ‘sexual orientation’, it can be concluded that
gays and lesbians favored vaccination more than straight and bisexual individuals. For
the category ‘gender’, it was shown that the subgroup ‘transgender” was more reluctant
towards vaccination than the subgroups ‘female’” and ‘male’. The results for the education
category demonstrated that the subgroups with higher education levels showed higher
preference for vaccination. In the data for the vaccination preferences of different age
groups, individuals with older ages showed higher vaccination rates. The conclusions for
the above factors are of statistical significance in the ANOVA test (i.e., p-value less then
0.05). For the following categories in which the null hypothesis was not rejected and was
statistically not significant, notable trends in patterns in the line graphs and clustering
dendrograms were still present. For the category ‘race’, the subgroup ‘Asian” had higher
vaccination rates than all other subgroups. In the category ‘household sizes’, the subgroup
‘7 or more people’ fell below all of the other groups in terms of its vaccination rate. The
category ‘income source’ showed a similar pattern, whereby the subgroups ‘borrow” and
‘SNAP” were lower than the other groups. For the category ‘marital status’, the clustering
dendrograms that were generated showed that the subgroups ‘never married’ and the
subgroups ‘divorced” and ‘married” were the most different. The cluster dendrogram
for the category "household income” was also notable because the rich and poor groups
were on opposite ends of the chart. The concerns regarding the side-effects and safety
of the vaccines were the two major reasons for vaccination hesitancy at the beginning of
the pandemic, and “do not trust COVID-19 vaccines” and “do not trust the government”
played an important role later.
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This study was the first one to be conducted on the vaccination data collected by the
Household Pulse Survey in the U.S.. The data did not include all possible factors at the
beginning of the survey; namely, the factors of gender and sexual orientation were not
able to be recorded until later in the data collection cycle. Nonetheless, the study found
the most crucial factors impacting vaccination levels, which may provide a baseline for
governments to combat future pandemics. Although the data in this study were only taken
from the U.S,, the findings of this study may be referenced by other nations in the future.
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