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Abstract

Background: The COVID-19 pandemic prompted the launch of the ANONYMIZED national campaign to boost vaccine
confidence and uptake among adults, as vaccines are key to preventing severe illness and death.

Objective: Past segmentation research relevant to COVID-19 behavior has found important differences in attitudes,
sociodemographics, and subsequent COVID-19 prevention behaviors across population segments. This study extends prior work
by incorporating a more comprehensive set of attitudes, behaviors, and sociodemographic variables to identify population
segments by differing levels of COVID-19 vaccine confidence and evaluate differences in their subsequent uptake of COVID-19
prevention behaviors.

Methods: Data were obtained from five waves of alongitudinal, probability-based panel of U.S. adults (N = 4,398). Latent class
cluster analysis estimated segments of respondents based on over 40 COVID-19 attitudes, beliefs, behaviors, and
sociodemographics as reported in Wave 1. Survey-weighted cross-tabulations and bivariate regression analyses assessed
differences in COVID-19 vaccine uptake, booster uptake, mask use, and social distancing in al segments across all five survey
waves.

Results: Six segments (Hardline Non-Intenders, Prevention-Compliant Non-Intenders, Burned-Out Waiters, Anxious Waiters,
Skeptical Confidents, Ready Confidents) were identified that differed by their COVID-19 vaccine confidence, prevention-related
attitudes and behaviors, and sociodemographics. Cross-tabulations and regression results indicated significant segment
membership differences in COVID-19 vaccine and booster timing, mask use, and social distancing. Results from survey-
weighted cross-tabulations comparing COVID-19 vaccine and booster uptake across segments indicate statistically significant
differences in these outcomes across the six segments (P < .001). Results were statistically significant for each segment (P < .01
for booster uptake among Burned-Out Waiters; P < .001 for all other coefficients), indicating that, on average, respondents in
segments with lower intentions to vaccinate reported later receipt of COVID-19 vaccines and boosters relative to the timing of
vaccine and booster uptake among Ready Confidents.

Conclusions: Results extend previous research by showing that initial beliefs and behaviors relevant to COVID-19 vaccination,
mask use, and socia distancing are important for understanding differences in subsequent compliance with recommended
COVID-19 prevention measures. Results highlight the utility of acomprehensive list of attitudes, behaviors, and other individual-
level characteristics that can serve as a basis for future segmentation efforts relevant to COVID-19 and other infectious diseases.
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Confidents, Waiters, and Non-Intenders:
Estimating and Validating a Segmentation Analysis of

COVID-19 Attitudes, Beliefs, and Behaviors in Early 2021

Abstract (443/450 words)
Background: The COVID-19 pandemic prompted the launch of the ANONYMIZED national

campaign to boost vaccine confidence and uptake among adults, as vaccines are key to preventing
severe illness and death.

Objective: Past segmentation research relevant to COVID-19 behavior has found important
differences in attitudes, sociodemographics, and subsequent COVID-19 prevention behaviors across
population segments. This study extends prior work by incorporating a more comprehensive set of
attitudes, behaviors, and sociodemographic variables to identify population segments by differing
levels of COVID-19 vaccine confidence and evaluate differences in their subsequent uptake of
COVID-19 prevention behaviors.

Methods: Data were obtained from five waves (January 2021 to June 2022) of a longitudinal,
probability-based panel survey of U.S. adults (N = 4,398) administered online in English and in
Spanish. Participants were recruited from NORC’s national AmeriSpeak panel and were invited to
participate across multiple waves. Latent class cluster analysis estimated segments of respondents
based on over 40 COVID-19 attitudes, beliefs, behaviors, and sociodemographics as reported in
Wave 1. Survey-weighted cross-tabulations and bivariate regression analyses assessed differences in
COVID-19 vaccine uptake, booster uptake, mask use, and social distancing in all segments across all
five survey waves.

Results: Six segments (Hardline Non-Intenders, Prevention-Compliant Non-Intenders, Burned-Out
Waiters, Anxious Waiters, Skeptical Confidents, Ready Confidents) were identified that differed by

their COVID-19 vaccine confidence, prevention-related attitudes and behaviors, and
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sociodemographics. Cross-tabulations and regression results indicated significant segment
membership differences in COVID-19 vaccine and booster timing, mask use, and social distancing.
Results from survey-weighted cross-tabulations comparing COVID-19 vaccine and booster uptake
across segments indicate statistically significant differences in these outcomes across the six
segments (P < .001). Results were statistically significant for each segment (P < .01 for booster
uptake among Burned-Out Waiters; P < .001 for all other coefficients), indicating that, on average,
respondents in segments with lower intentions to vaccinate reported later receipt of COVID-19
vaccines and boosters relative to the timing of vaccine and booster uptake among Ready Confidents.
Conclusions: Results extend previous research by showing that initial beliefs and behaviors relevant
to COVID-19 vaccination, mask use, and social distancing are important for understanding
differences in subsequent compliance with recommended COVID-19 prevention measures.
Specifically, we found that across respondent segments, the probability of vaccine and booster
uptake corresponded with both COVID-19 vaccine confidence and with mask use and social
distancing compliance; more compliant segments were more likely to get vaccinated or boosted than
less compliant segments given similar levels of vaccine confidence. These findings help identify
appropriate audiences for campaigns. Results highlight the utility of a comprehensive list of
attitudes, behaviors, and other individual-level characteristics that can serve as a basis for future

segmentation efforts relevant to COVID-19 and other infectious diseases.

Keywords: COVID-19; COVID-19 vaccination; vaccine; United States; segmentation; latent

class cluster analysis

Manuscript Word Count: 5,876 words
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Introduction

As of January 2023, there have been over 100 million COVID-19 cases and over 1 million
deaths in the United States.[1] Vaccination against COVID-19 is the most effective way to prevent
severe illness, hospitalization, and death.[2] In early 2021, prior to the widespread availability of
COVID-19 vaccines in the United States, the ANONYMIZED-Source began quantitative research in
support of a national ANONYMIZED-Campaign COVID-19 public education campaign (the
Campaign; ANONYMIZED) to promote greater COVID-19 vaccine confidence and uptake among
U.S. adults. This research aimed to examine which beliefs, behaviors, and sociodemographic
characteristics correspond with COVID-19 vaccine confidence among U.S. adults, with a broader
goal of identifying segments, or subpopulations, of the adult population that could benefit from
messaging about vaccination.

Research has shown that COVID-19 vaccine hesitancy is highly complex and is influenced
not only by the perceived risks and benefits of receiving a vaccine, but also by such factors as
mistrust in health care, policymakers, and the pharmaceutical industry; perceived risk and severity of
SARS-CoV-2 (the virus that causes COVID-19) infection; access to personally trusted sources for
COVID-19 information; social norms related to preventive behaviors; and sociodemographic
characteristics.[see 3-8] Market segmentation is a valuable tool for conducting formative research
during the development of public health education messaging because it allows practitioners to
identify key segments within a population who may particularly benefit from the messages.[see 9,10
for a similar perspective] In the absence of published research relevant to COVID-19 vaccine-
hesitancy segmentation prior to the Campaign launch, we undertook formative market segmentation
research to provide important insights for understanding the audience (i.e., adults in the United
States).

In this paper, we discuss the methodologies used to develop and subsequently evaluate a

market segmentation approach to identify segments of the U.S. adult population by their levels of
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COVID-19 vaccine confidence. Further, we discuss the conceptual value provided by the results
from the development and validation of this market segmentation approach in the context of the
broader market segmentation literature.

Extant Market Segmentation Research on COVID-19 Attitudes, Beliefs,
and Behaviors

Market segmentation is a tool commonly applied to understanding the attitudes, beliefs, and
behaviors of homogenous subpopulations,[9] which facilitates the development and placement of
messages. Additionally, many attitudes, beliefs, and behaviors tend to cluster within individuals to
produce profiles, which are influenced by shared structural and societal conditions, as well as social
norms within their subpopulation.[e.g., 11] As such, a segmentation approach to assessing vaccine
hesitancy provides the opportunity to better understand the heterogeneity in vaccine attitudes, beliefs,
and behaviors that may occur within individuals, and helps to identify homogenous groups of
individuals who share certain characteristics and may be priority populations for tailored
interventions.

This type of segmentation has recently been applied to better understand COVID-19 vaccine
uptake, with results producing segments that reflect high, moderate, and low levels of confidence in
COVID-19 vaccination. For example, Schneider and colleagues[12] used segmentation to identify
COVID-19 vaccine hesitancy segments with data collected in November 2020 from U.S. adults.
Results indicated a four-segment model, with two vaccine-confident segments (pro-vaccine and
development concerns), one vaccine-hesitant segment (anti-vaccine), and a vaccine ambivalent
segment (unsure/hesitant). A key finding from Schneider et al.’s work was that concerns over the
speed of vaccine development played a key role in differentiating those who were in the pro-vaccine
segment from those who were in the development concerns segment.

Another segmentation analysis was conducted by Wagner and colleagues[13] using data

collected from April-May 2020 among U.S. adults ages 55 and older. The authors produced similar
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results to those found by Schneider et al., identifying a three-segment model with vaccine confident
(vaccine acceptors), vaccine ambivalent, and vaccine hesitant (vaccine rejectors) segments. Wagner
et al. (2022) also validated their segmentation results with data on COVID-19 prevention behaviors
among study respondents, which was collected at a 1-year follow up. The authors found that
members of the vaccine-confident segment were more likely than those in other segments to have
been vaccinated against COVID-19 and to have engaged in other COVID-19 prevention behaviors at
follow-up.

Chen and Shiu[11] conducted a segmentation analysis with data from the U.S. Census
Bureau’s Household Pulse Survey, collected from April 2020 to March 2021, in a sample of adults
that were at least moderately hesitant toward COVID-19 vaccines. Their analysis produced a five-
segment model based on respondents’ reasons for vaccine hesitancy or refusal (e.g., concerns about
vaccine side effects, efficacy, and cost; lack of trust in government). Three segments were
characterized by non-specific reasons, such as endorsing all reasons (general skepticism), few
reasons (not quite sure), or a single non-descript reason (just wait and see). The other two segments
were more clearly characterized as groups that reported institutional mistrust (science and
government mistrust) and safety (safety and hesitancy).

Lastly, a segmentation analysis led by Lee and colleagues[14] with data collected from U.S.
adults between April-December 2020 resulted in a six-segment model. Consistent with the
aforementioned research, results from Lee et al. (2022) can be arranged into higher-level groupings
that represent COVID-19 vaccine confident (affluent receptives and vigilant enthusiasts), vaccine
ambivalent (affluent compliants and worried willings), and vaccine hesitant (vulnerable hesitants and
skeptical reluctants) segments. Segments within the vaccine-confident groupings tended to differ
according to variations in financial concerns and perceived vulnerability to COVID-19. Lee et al.
(2022) also conducted a follow-up analysis in May 2021 to evaluate the effect of segment

membership on subsequent likelihood of being vaccinated against COVID-19. As with Wagner et al.
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(2022), the authors found that individuals in the more vaccine-confident segments were more likely
to have been vaccinated against COVID-19 at follow-up compared with members of vaccine-hesitant

segments.

Extending COVID-19 Market Segmentation Research

Missing from existing research is the inclusion of beliefs, intentions, and behaviors relevant
to COVID-19 prevention other than vaccination, such as mask use and social distancing, which could
be important given their role in COVID-19 prevention in the earlier stages of the pandemic. The
current research adds to existing literature in several ways. This research extends prior segmentation
models by incorporating a more comprehensive set of attitudes, beliefs, and behaviors relevant to
COVID-19 and COVID-19 prevention, as well as sociodemographic variables, compared with other
segmentation models. This is an important addition to segmentation research, since the nature and
interpretation of the segments identified through such models depend on the factors with which they
are estimated. Hence, by including a more robust set of attitudinal, behavioral, and
sociodemographic variables relevant to COVID-19, this approach can reveal segments of a
population that might not have otherwise been identified because of limitations in the breadth of
factors included. The present study offers a more nuanced, comprehensive set of segments that can
inform continued COVID-19 response efforts and future work relevant to the prevention of
infectious disease transmission.

Furthermore, our study derives its data from a longitudinal panel survey that began collecting
data in January 2021—prior to the widespread availability of COVID-19 vaccines starting in April
2021—and for which data collection continued every 4 months through early July 2022 (five waves).
Our data are unique in the context of segmentation research relevant to COVID-19 vaccine hesitancy
because they support strong scientific inference that validates the segmentation model. Compared
with analyses conducted with cross-sectional data, for which inference is limited by the

contemporaneous measurement of variables, the longitudinal nature of the data allows us to examine
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whether segment membership, as determined with data collected during the first wave of the survey,
is associated with the timing of subsequent first-dose COVID-19 vaccination and COVID-19 booster
uptake, as well as engagement in other COVID-19 prevention behaviors (i.e., mask use, social
distancing). This combination of metrics is a novel contribution to the COVID-19 segmentation
literature, and to segmentation literature more broadly, because it provides information on both the
uptake and discontinued practice of several different COVID-19 prevention behaviors, organizes

them by segment, and tracks them over a follow-up period of more than 1 year.

Methods

Data
Data came from the longitudinal ANONYMIZED-SURVEY (ANONYMIZED-ACRONYM).

Survey respondents were recruited through NORC at the University of Chicago’s national,
probability-sampling-based AmeriSpeak online research panel[15] and completed five surveys,
fielded approximately every 4 months between January 2021 and July 2022. Wave-to-wave retention
rates ranged from 90% to 94%, with the greatest attrition between Wave 1 and Wave 2. The survey
measured COVID-19 vaccination; attitudes, beliefs, and behaviors relevant to COVID-19; trust in
science and experts; sociodemographic characteristics; and other items. The analytic sample for this
study included 4,398 respondents who completed the Wave 1 survey, with data collected between
January—February 2021. Data from Wave 2 through Wave 5 were used for validation analysis. Data
were weighted to be nationally representative and to account for unequal sampling and survey
nonresponse in all waves after the first. See section S1.1 of the supplemental materials for additional
details on survey weights.

Respondent demographics as reported in Wave 1 are provided in Table S1 in the
supplemental materials. Approximately half of respondents (49.3%) were under the age of 45, and
just over half (51.5%) were female. Three in five (61.6%) were non-Hispanic White, with fewer

Hispanic/Latino (20.3%) and non-Hispanic Black (10.7%) respondents. Most respondents reported
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some college (44.2%) or having received a bachelor’s degree or higher (34.7%), and nearly half of
respondents (44.2%) reported an annual income of less than $50,000. Respondents were evenly
distributed across liberal (30.0%), moderate (36.4%), and conservative (33.6%) political ideologies.
A plurality of respondents (45.2%) reported living in a large metropolitan area, and nearly three in
five respondents (57.3%) reported being employed. One-quarter of respondents (26.1%) indicated
that they lived with one or more essential workers, and most respondents (82.7%) reported having a
pre-existing health condition. See section S1.1. in the supplemental materials for more details about

demographic variables.

Segmentation Measures

A total of 30 numeric and 13 categorical variables (43 variables in total) were used in the
multivariate segmentation model. These variables reflected a range of attitudinal, behavioral,
psychological, and sociodemographic factors relevant to COVID-19 preventive behavior. Values for
each of these variables were derived from ANONYMIZED Wave 1.

Eleven variables assessed respondents’ beliefs and intentions relevant to COVID-19
vaccination: reported likelihood of receiving a COVID-19 vaccine when available, the benefits and
importance of getting a COVID-19 vaccine, perceived social norms related to COVID-19
vaccination, ease of and personal agency over getting a COVID-19 vaccine, likelihood of getting a
COVID-19 vaccine, likelihood of getting a COVID-19 vaccine at a doctor’s appointment, intention
to get a COVID-19 vaccine, perceived risks of COVID-19 vaccination, general vaccination decision-
making by benefits and risks, and general vaccine safety and effectiveness. Eleven variables assessed
respondents’ beliefs, intentions, and behaviors related to mask use and social distancing, with a focus
on five main variables: the frequency with which respondents reported engaging in these behaviors,
ease and agency over performing both behaviors, intentions to continue performing both behaviors,
corresponding social norms, and intentions to attend gatherings with 10 or more people. Seven

variables assessed general views about the COVID-19 pandemic: belief in misinformation,
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indifference to and anxiety related to COVID-19, information burnout, effectiveness of
recommended COVID-19 prevention behaviors, hopefulness that the United States will get COVID-
19 under control, and whether respondents knew people who had been hospitalized for or had died
from COVID-19. Five variables assessed broader psychological and physiological states or beliefs,
including mental distress, pre-existing health conditions, perceptions and receipt of other vaccines in
the past (e.g., influenza [flu] vaccine), and trust in science and experts. Finally, nine
sociodemographic variables measured age, gender, race and ethnicity, household income, rurality,

political ideology, education, employment status, and essential workers in the household.

Validation Measures

Four variables reflecting COVID-19 prevention behaviors, which were obtained from all five
waves of ANONYMIZED, were used to validate the segmentation model. Two variables were the
dates on which each respondent reported having received their first dose of a COVID-19 vaccine (if
applicable) and their first dose of a COVID-19 booster (if applicable). The other two variables

indexed the frequency with which respondents reported use of masks and social distancing.

Analysis

We incorporated all 43 segmentation variables into a mutivariate latent class cluster analysis
(LCCA), a clustering method that assigns respondents to mutually exclusive groups based on their
patterns of responses to key metrics. Each variable in the LCCA was modeled using different
distribution types and link functions. The multi-item scales and 5-point Likert-type items were
modeled using a normal/Gaussian distribution with an identity link and with a mean value that was
allowed to vary across classes. Variables modeled using a normal distribution were required to have
the same variance across classes. All other variables were modeled as a binomial distribution with
either a logit link (for binary variables) or as a proportional odds logit link (for multi-category
variables) with cut-points or threshold values that were allowed to vary across classes.

The analysis was conducted in Stata version 16.1 using the gsem command. Cluster starting
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values were obtained using the default factor analysis-based approach. A series of models that
extracted from two to eight clusters from the data were used as candidate latent class solutions. In
selecting a final set of latent class results, we used a combination of fit statistics extracted from the
model, as well as descriptive statistics evaluating differences between the latent classes extracted and
the conceptual value added from each additional cluster extracted from the data. Missing data were
accommodated by the LCCA’s native expectation maximization approach. Full details on model
selection and rates of missingness by variable are reported in section S2 of the supplemental
materials.

To validate the segmentation model, we conducted several analyses that used each
respondent’s predicted likelihood of segment membership as a grouping variable for reported results.
Specifically, we assessed the utility of this segmentation model in predicting differences in
subsequent uptake of COVID-19 prevention behaviors across segments. First, two survey-weighted
cross-tabulations were produced to compare segments by their proportions of vaccinated and boosted
respondents as reported by Wave 5, using weighted Pearson chi-square tests. Then two bivariate
survey-weighted ordinary least squares (OLS) regressions measuring the relationships between
segment membership and the timing of (1) vaccine uptake and (2) booster uptake were estimated.
Finally, these results were further illustrated substantively by estimating COVID-19 vaccine and
booster uptake trajectories using the Kaplan-Meier event history methodology. Mask use and social
distancing trajectories were also obtained as mean values of both variables across all five waves of
the ANONYMIZED. Full details of variable recoding and the segmentation methodology are

discussed in section S2 of the supplemental materials.

Results

Latent Class Cluster Analysis Results

We considered LCCA models with segment numbers increasing from two to eight. We found

the six-segment model optimal, as it produced segments that were conceptually distinct from one
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another, easily interpretable, and actionable. See section S2 supplemental materials for results of all

LCCA models tested, and section S3 for details about our rationale for model selection.

Tables 1 and 2 present descriptive statistics for each of the six selected segments. Table 1

presents results for all 30 numeric variables. To facilitate interpretation, each of the numeric

variables were standardized to have a mean of 0 and a standard deviation of 1. Table 2 presents the

proportions from the 13 categorical variables for each segment and for the overall sample.

Table 1: Standardized Means of Numeric Segmentation Variables (30), by Segment

Non-Intenders Waiters Confidents
. Prevention- Burned- . y
Variable® Hardline Compliant Out Anxious  Skeptical Ready
Benefits of COVID- ;5 1.4 0.5 0.4 0.3 0.9
19 Vaccination
COVID-19 Vaccine ;g 15 0.7 0.4 0.4 09
Importance
COVID-19 Vaccine
Concerns and Risks® 1.3 1.3 0.5 0.7 -0.2 -1.0
Normative  Beliefs
about COVID-19 -1.7 -1.3 -0.7 -0.5 0.3 1.0
Vaccination®
Ease of Getting a
COVID-19 Vaccine -0.3 -0.4 -0.3 -0.2 0.1 0.3
CO\{ID—.19 Personal = Agency
Vaccination Over COVID-19 0.2 0.2 -0.5 -0.0 -0.1 0.2
Vaccination
Likelihood of
Getting a COVID- -1.5 -1.4 -0.4 -0.5 0.5 0.7
19 Vaccine®
Likelihood of
Getting a COVID-
19 Vaccine at a -1.7 -1.6 -0.5 -0.5 0.4 0.9
Doctor’s
Appointment
Intention to Get a
COVID-19 Vaccine -1.7 -1.6 -0.5 -0.5 0.5 0.9
Ease of Using a 1.4 0.2 0.8 0.3 0.0 0.5
Mask
Personal Agency
Over Mask Use 0.3 -0.1 -0.1 0.1 -0.0 0.0
Normative Beliefs
Mask Use about Mask Use® -2.0 0.1 -1.1 0.4 0.0 0.7
Frequency of Mask 22 0.2 0.7 0.4 0.2 0.4
Use
Intention to Wear 1.8 0.2 -0.9 0.4 0.2 0.5
Mask
Social Ease of  Social -0.6 0.1 -0.6 0.3 -0.0 0.3
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Distancing
Personal Agency
Over Social 0.1 -0.1 -0.3 0.2 0.1 0.0
Distancing
Normative  Beliefs
about Social -1.8 0.2 -1.1 0.4 -0.0 0.7
Distancing®
Distancin i
&  Frequency of Social 4 0.0 0.7 03 0.1 0.4
Distancing
Number of
Gatherings Attended
with 10 or More 0.6 0.0 0.5 -0.1 -0.1 -0.3
People®
Intention to Practice ——_, 0.1 0.9 0.3 0.1 0.6
Social Distancing
COVID-19
Misinformation® 1.6 0.8 0.9 -0.0 -0.0 -0.9
COVID-19
Information 1.3 0.6 0.4 -0.1 0.1 -0.6
Burnout®
E%fole[r);feb 1.7 0.5 0.9 -0.2 0.1 -0.9
Other Beliefs
Relevant to Effectiveness of
COVID-19 Recommended
COVID-19 -2.2 -0.7 -0.9 0.1 0.3 0.8
Prevention
Behaviors®
Hopefulness ~ That
the United States
Will Get COVID-19 -0.5 -0.3 -0.2 -0.2 0.1 0.3
Under Controlf
General Vaccination
Decision-Making 0.2 0.0 0.6 0.0 0.0 03
General Informed by
Vaccination Benefits and Risks
Beliefs General Vaccine
Safety and -1.6 -1.2 -0.7 -0.5 0.1 1.0
Effectiveness®
General
Psychological ~ Psychological -0.3 0.2 0.1 0.1 -0.1 -0.0
Characteristics ~ Distress”
COVID-19 Anxiety® -1.3 -0.3 -0.4 0.2 0.0 0.4
Institutional Trust 1nb Science and 15 0.9 0.7 02 0.0 09
Trust Experts
Percentage of Sample 6.3% 7.1% 15.6% 13.2% 23.0% 34.7%
Segment Sample Size 279 314 688 580 1,010 1,527

* Unless noted, items were measured using a 5-point scale: Strongly disagree, Disagree, Neither agree nor disagree,
Agree, Strongly agree.
® Indicates a scale comprising more than one individual item. All items that comprise the scale are detailed in the
supplement in section S1.
¢ Item measured using a 5-point scale: Very unlikely, Somewhat unlikely, Neither likely nor unlikely, Somewhat likely,

Very likely.

4Item measured using a 5-point scale: Never, Rarely, Sometimes, Very often, Always.
¢ Item measured using a 6-point scale, from 0 times to 5 or more times.
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" Item measured using a 5-point scale: Not hopeful at all, Hardly hopeful, Somewhat hopeful, Hopeful, Very hopeful.
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Table 2: Percentages of Categorical Segmentation Variables (13) by Segment

Non-Intenders Waiters Confidents
Hardline _Péz\g;ﬁi Bucr)?lid_ Anxious  Skeptical Ready

How Soon One Will Get a
COVID-19 Vaccine

ZZLH vaccinate as soon as they 1.1% 0.0%  16.0% 5.3% 77.1% 94.0%

Zflﬁlovrvi‘;tofe’ rgeztszsgcmated for 27.3% 36.9%  69.5% 87.8% 22.8% 6.0%

Will never get vaccinated 71.6% 63.1% 14.6% 6.9% 0.1% 0.0%
Age

18-24 6.1% 20.6% 20.0% 10.0% 10.1% 7.8%

25-44 44.6% 39.6% 43.2% 42.7% 28.3% 28.5%

45-64 35.1% 30.3% 27.9% 34.6% 35.2% 30.9%

65 and older 14.2% 9.4% 8.9% 12.6% 26.4% 32.8%
Gender

Male 50.6% 31.9% 54.4% 36.7% 54.3% 49.4%

Female 49.4% 68.1% 45.6% 63.3% 45.7% 50.6%
Race/Ethnicity

Non-Hispanic White 83.2% 65.2% 56.6% 41.2% 66.9% 67.4%

Non-Hispanic Black 3.3% 16.2% 13.3% 27.8% 8.8% 7.5%

Hispanic/Latino 10.9% 12.8% 21.7% 21.7% 15.7% 14.0%

Other race/ethnicity 2.6% 5.9% 8.4% 9.4% 8.6% 11.1%
Education

No college 48.0% 51.8% 49.6% 47.3% 34.2% 24.7%

Some college 31.4% 30.2% 28.3% 29.3% 30.4% 23.4%

Bachelor's degree or higher 20.7% 18.0% 22.1% 23.5% 35.4% 51.9%
Income

Less than $50,000 42.4% 56.4% 56.1% 63.5% 41.2% 35.1%

$50,000 to less than $75,000 21.4% 17.8% 20.8% 13.3% 23.1% 19.6%

$75,000 to less than $100,000 22.0% 8.2% 9.1% 10.1% 12.4% 14.6%

$100,000 and greater 14.2% 17.6% 14.0% 13.1% 23.3% 30.7%
Political Ideology

Liberal 2.8% 14.6% 9.2% 24.3% 21.5% 50.2%

Moderate 24.8% 40.2% 39.6% 48.8% 37.3% 34.2%

Conservative 72.5% 45.2% 51.2% 26.9% 41.3% 15.6%
Rurality

Large metropolitan area 27.0% 32.8% 34.3% 51.1% 44.5% 47.9%

Small metropolitan area 39.4% 47.4% 42.5% 35.5% 37.1% 37.6%

Non-metropolitan area 33.6% 19.7% 23.2% 13.3% 18.4% 14.5%
Employment Status

Employed 60.0% 59.8% 61.0% 55.1% 50.9% 49.7%

Unemployed 6.3% 9.3% 14.5% 10.4% 7.9% 6.3%

Retired 15.0% 9.0% 9.9% 12.6% 27.3% 31.3%

Not in labor force 18.7% 21.9% 14.6% 21.9% 14.0% 12.8%
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Essential Worker in Household

Yes 28.9% 31.6% 25.5% 27.8% 21.1% 21.2%

No 71.1% 68.4% 74.5% 72.2% 78.9% 78.8%
Pre-Existing Health Condition

Yes 77.6% 81.6% 81.1% 82.3% 85.6% 84.1%

No 22.4% 18.4% 18.9% 17.7% 14.4% 15.9%

Received a Flu Shot This Season
or Last Season

No flu shot this season or last 79.4% 72.8% 46.9% 53.7% 22.8% 12.0%
Flu shot this season or last 20.6% 27.2% 53.1% 46.3% 77.2% 88.0%

Knows Someone Who Was
Hospitalized For or Died From

COVID-19
Yes 54.1% 53.4% 52.8% 50.3% 44.4% 44.7%
No 45.9% 46.6% 47.2% 49.7% 55.6% 55.3%
Percentage of Sample 6.3% 7.1% 15.6% 13.2% 23.0% 34.7%
Segment Sample Size 279 314 688 580 1,010 1,527

Note: The variable proportions across all respondents can be found in the Supplement in Section S1.
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Segment Results

The six segments were categorized into three broader groups based on their overall levels
of COVID-19 vaccine confidence. The three broader groups included Non-Intenders, who were
broadly opposed to getting a COVID-19 vaccine; Waiters, who intended to wait to get vaccinated
against COVID-19; and Confidents, who intended to get a COVID-19 vaccine as soon as they
were able. The segments are ordered below from most to least vaccine hesitant.

Hardline Non-Intenders. The first segment (6% of the population), the Hardline Non-
Intenders, was the least willing to engage in any form of COVID-19 protective behaviors
compared with the other segments. Hardline Non-Intenders reported consistently negative
attitudes, beliefs, and behaviors related to COVID-19 vaccines, as well as to other COVID-19
preventive behaviors. Compared with the other segments, respondents in this segment also
reported the most skepticism of scientists and experts, the strongest beliefs in COVID-19
misinformation, and the greatest indifference to COVID-19 risks (Table 1). Hardline Non-
Intenders had the strongest tendency among all segments to report no intention to get a COVID-
19 vaccine and were the least inclined to report having received a flu shot in recent flu seasons.
Additionally, this segment had the highest concentration of respondents from a non-metro area,
identified as very politically conservative, and largely identified as non-Hispanic White (Table
2).

Prevention-Compliant Non-Intenders. The next segment (7% of the population), the
Prevention-Compliant Non-Intenders, reported low intentions to get a COVID-19 vaccine, but
differed from the Hardline Non-Intenders with respect to their reported mask use, social
distancing, and sociodemographic profile. Compared to the Hardline Non-Intenders, this

segment had similar COVID-19 vaccine intentions and attitudes, skepticism about science,
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indifference to the pandemic, and beliefs in COVID-19 misinformation. However, Prevention-
Compliant Non-Intenders reported greater intentions to engage in and frequently participate in
mask use and social distancing, and reported the highest level of general psychological distress
compared with all other segments. Prevention-Compliant Non-Intenders also reported a
somewhat greater willingness to be vaccinated against COVID-19 compared with their Hardline
Non-Intender counterparts. Overall, Prevention-Compliant Non-Intenders were younger, more
female, had lower incomes, were more racially and ethnically diverse, and were less politically
conservative than Hardline Non-Intenders.

Burned-Out Waiters. The third segment (16% of the population), the Burned-Out Waiters,
comprised respondents who were more open to COVID-19 vaccination than were either of the
Non-Intender segments, with a plurality of respondents reporting that they would wait to receive
a COVID-19 vaccine. Although this segment reported more favorable beliefs and intentions
surrounding COVID-19 vaccination than the Non-Intenders, Burned-Out Waiters reported
generally unfavorable attitudes and behaviors relevant to mask use and social distancing. This
segment also reported greater COVID-19 indifference, misinformation, and information burnout
compared with the Anxious Waiters (described below). Burned-Out Waiters tended to be
younger, more male than female, and employed more often in contrast with Anxious Waiters.
This segment was also more diverse in terms of race and ethnicity compared with the Non-
Intender segments, leaned politically conservative, and tended to live in non-metro or smaller
metro areas.

Anxious Waiters. The fourth segment (13% of the population), the Anxious Waiters, were
both more favorable toward COVID-19 vaccination than the Non-Intender segments and were

more favorable toward mask use and social distancing than their Burned-Out Waiter
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counterparts. Anxious Waiters also reported higher levels of COVID-19 anxiety and greater
concerns about COVID-19 vaccines compared with Burned-Out Waiters and were comparatively
less indifferent about the pandemic and more trusting of science. Anxious Waiters tended to be
female and to have a lower income, to be the most racially and ethnically diverse segment, and to
be the most inclined to live in a large metro area. Additionally, compared with the Burned-Out
Waiters, the Anxious Waiters were older and less politically conservative.

Skeptical Confidents. The fifth segment (23% of the population), the Skeptical
Confidents, were generally favorable toward COVID-19 vaccination and other COVID-19
prevention behaviors, with most of them reporting that they intended to get a COVID-19 vaccine
as soon as possible. However, Skeptical Confidents viewed mask use and social distancing less
favorably than they viewed COVID-19 vaccination. Moreover, this segment reported notably
greater levels of COVID-19 indifference and information burnout compared with the Ready
Confidents (described below) and the Anxious Waiters. As shown in Table 2, Skeptical
Confidents, in general, reported higher levels of education and higher incomes than most other
segments. Skeptical Confidents tended to be slightly more male than female and were more
politically conservative than were the Ready Confidents.

Ready Confidents. Respondents in the sixth and final segment (35% of the population),
the Ready Confidents, reported that they intended to get a COVID-19 vaccine as soon as
possible. Ready Confidents reported the most pro-COVID-19-prevention beliefs, attitudes, and
behaviors of any segment, and reported the highest rates of flu shot receipt in previous years.
Table 2 also shows that Ready Confidents tended to be the oldest adults, have the highest levels

of education, have the highest incomes, and be the most politically liberal of all the segments.
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Validation Results

Results from bivariate survey-weighted cross-tabulations comparing COVID-19 vaccine
and booster uptake across segments indicate statistically significant differences in these
outcomes across the six segments (P < .001; see Tables S15 and S16 in the supplement).
Supplementary Table S17 illustrates the bivariate relationship between segment membership and
the timing of COVID-19 vaccine and booster uptake, with the Ready Confident segment as the
reference category; coefficients reflect the relationship between the timing of each behavior and
segment membership relative to the Ready Confidents. Results were statistically significant for
each segment (P < .01 for booster uptake among Burned-Out Waiters; P < .001 for all other
coefficients), indicating that, on average, respondents in segments with lower intentions to
vaccinate reported later receipt of COVID-19 vaccines and boosters relative to the timing of
vaccine and booster uptake among Ready Confidents. Additional multivariate regressions
assessing the relationships between segment membership and the frequency of mask use (Table
S18) and social distancing (Table S19) are also included in the supplemental materials.

To illustrate these significant differences more concretely, the trajectories of COVID-19
behaviors are charted below. Figure 1 depicts the rates of COVID-19 vaccine uptake among
respondents within each of the six segments between December 2020 and July 2022. Figure 2
depicts the rates of COVID-19 booster uptake among respondents within each of the six
segments between August 2021 and July 2022. Figure 3 presents the self-reported frequency of
respondent mask use and social distancing across all five waves of the ANONYMIZED, with
each wave represented by the fielding month during which most respondents completed the

corresponding survey.
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Figure 1. Trajectory of COVID-19 Vaccine Uptake Over Time by Segment, December 2020-July
2022
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Note: COVID-19 vaccines became widely available to all adults in the United States in April 2021. See Tables S20-
S25 in the supplemental materials for Survival Tables for each Segment.
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Figure 2. Trajectory of COVID-19 Booster Uptake Over Time by Segment, August 2021-July
2022
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Note: COVID-19 boosters became widely available to all adults in the United States in November 2021. See Tables
S26-S31 in the supplemental materials for Survival Tables for each Segment.
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Figure 3. Trajectory of COVID-19 Prevention Behaviors Over Time by Segment, January 2021—
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Note: Survey dates in this figure are based on the average survey completion date for each of the five

ANONYMIZED survey waves between January 2021-May 2022. Each line depicts the average frequency of
mask use or social distancing by segment. Items assessing the frequency of mask use and social distancing were
measured on 5-point Likert-type scales and are described in greater detail in the online supplement. The x-axis

scales have been altered for more concise display of the frequency scale.

https://preprints.jmir.org/preprint/56044

22
[unpublished, peer-reviewed preprint]



JMIR Preprints Luchman et &

Hardline Non-Intenders. In Wave 1, the Hardline Non-Intenders tended to report, more
than any other segment, that they would never get a COVID-19 vaccine. This intention was
supported by the validation results presented in Figure 1, which show that this segment had the
slowest and lowest rate of vaccine uptake of all segments; by July 2022, Hardline Non-Intenders
reported only 25% of the group reporting vaccination. Similarly, Figure 2 shows that, among
Hardline Non-Intenders who were vaccinated, this segment had the slowest uptake and lowest
end rates of COVID-19 booster uptake, with less than 10% of vaccinated segment members
reporting that they had received a booster shot. Finally, Figure 3 shows that Hardline Non-
Intenders consistently reported the lowest frequency of mask use and social distancing across all
five waves.

Prevention-Compliant Non-Intenders. The Prevention-Compliant Non-Intenders reported
intentions to never receive a COVID-19 vaccine but were willing to engage in other COVID-19
prevention behaviors. This willingness to engage in mask use and social distancing was
consistent across survey waves and remained fairly high until early 2022. In fact, the reported
frequency of mask use and social distancing for this segment mirrored that of the Skeptical
Confidents segment. Despite a greater frequency of mask use and social distancing, Prevention-
Compliant Non-Intenders were slow to get COVID-19 vaccines and had the second lowest rate
of uptake overall, at about 40% (Figure 1). Similarly, COVID-19 booster uptake within this
segment was low, and only about 15% of vaccinated respondents reported receiving a booster
shot (Figure 2).

Burned-Out Waiters. The Burned-Out Waiters were likely to wait to get a COVID-19
vaccine, were relatively indifferent to COVID-19 risks, and reported COVID-19 information

burnout. The results in Figure 1 show that the majority (65%) of respondents within this segment
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were vaccinated by July 2022. In fact, by August 2021, 50% of the Burned-Out Waiters had
received a COVID-19 vaccine, indicating a much faster rate of vaccine uptake compared with
the rates of vaccine uptake for the two Non-Intender segments. Conversely, the rate of COVID-
19 booster uptake among vaccinated Burned-Out Waiters was only slightly greater than that
same rate among Non-Intender groups, with approximately 20% of all vaccinated Burned-Out
Waiter respondents reporting booster uptake. Burned-Out Waiters also reported the second
lowest frequencies of mask use and social distancing across all waves (Figure 3).

Anxious Waiters. The overwhelming majority of Anxious Waiters reported that they
would wait to receive a COVID-19 vaccine and, on average, reported relatively high levels of
general COVID-19 anxiety. Similar to the Burned-Out Waiters, most Anxious Waiters were
ultimately vaccinated against COVID-19; 50% of respondents in this segment were vaccinated
by June 2021, and nearly 80% were vaccinated by July 2022 (Figure 1). COVID-19 booster
uptake among vaccinated Anxious Waiters mirrored that of Burned-Out Waiters, with
approximately 20% of all vaccinated Anxious Waiter respondents reporting booster uptake by
July 2022 (Figure 2). According to Figure 3, frequencies of mask use and social distancing
among Anxious Waiters were nearly identical to those reported by the Ready Confidents.

Skeptical Confidents. Skeptical Confidents were characterized by their strong intentions
to get vaccinated against COVID-19, paired with their relatively less-favorable beliefs about
other COVID-19 preventive behaviors and their somewhat skeptical views of the risks of the
pandemic. As shown in Figure 1, these strong vaccination intentions resulted in substantial
vaccine uptake for this segment; Skeptical Confidents achieved a nearly 100% vaccination rate, a
rate far greater than what was achieved by the Anxious Waiters. However, their rate of vaccine

uptake was slower compared with the Ready Confidents (described below). The differences
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between Skeptical Confidents and Ready Confidents are more apparent in Figures 2 and 3.
Skeptical Confidents reported relatively high COVID-19 booster uptake (nearly 50% of
vaccinated respondents). However, this rate was lower than and was achieved more slowly in
comparison to booster uptake among Ready Confidents. Skeptical Confidents also reported
notably lower frequencies of mask use and social distancing than Ready Confidents—the
frequency with which they reported these behaviors was more closely aligned with Prevention-
Compliant Non-Intenders.

Ready Confidents. Ready Confidents were characterized by their overwhelming readiness
to receive a COVID-19 vaccine, which effectively corresponded with a 100% vaccination rate
and the fastest trajectory of vaccine uptake of the segments (Figure 1). Similarly, Ready
Confidents reported the highest rate of COVID-19 booster uptake, with nearly 75% of vaccinated
respondents within the segment having received a booster (Figure 2), and the highest frequencies

of mask use and social distancing among the segments (Figure 3).

Discussion

In this manuscript, we described the characteristics of six distinct segments of adults in
the United States according to their beliefs, intentions, and behaviors relevant to COVID-19
prevention as reported in January—February 2021. We also validated the segmentation approach
and described, by segment, the trajectory of their COVID-19 prevention behaviors from the
widespread availability of initial vaccines (April 2021) to initial booster availability (September
2021) through the end of the study period (July 2022). The six segments were categorized into
three broader groups according to their overall levels of intention to receive a COVID-19
vaccine: Non-Intenders, who were broadly opposed to getting a COVID-19 vaccine; Waiters,

who intended to wait to get a COVID-19 vaccine for one or more reasons; and Confidents, who

25
https://preprints.jmir.org/preprint/56044 [unpublished, peer-reviewed preprint]



JMIR Preprints Luchman et &

intended to get a COVID-19 vaccine as soon as they were able. Taken together, results from this
study suggest that the segmentation of an adult population according to their COVID-19 beliefs,
intentions, and behaviors can facilitate a nuanced understanding of segmented perspectives on
COVID-19 and predict subsequent compliance with recommended behaviors to prevent SARS-
CoV-2 infection and transmission.

Consistent with other segmentation research relevant to COVID-19 vaccination, our
results show strong convergence between initial beliefs, intentions, and behaviors relevant to
COVID-19 and subsequent COVID-19 preventive behaviors across segments. In particular, our
validation findings among COVID-19 vaccine confidence segments are consistent with those
demonstrated by Wagner et al.[13] Thus, our research provides additional support for the
segmentation of populations, using COVID-19 vaccination attitudes and behaviors, into broader
groupings ordered by their levels of vaccine confidence.[see also 9,12 for similar findings]

Importantly, our research extends the work by Wagner et al. (2022) through the inclusion
of other COVID-19 prevention behaviors (specifically, mask use and social distancing) in the
development of our model, which produced a larger and more nuanced set of segments. Our
results indicate that such distinctions across COVID-19 vaccine confidence segments have
important implications for predicting subsequent mask use and social distancing behavior, but
that they also influence the likelihood and rates of subsequent COVID-19 vaccination and
booster uptake. Consider, for example, the difference between the Ready Confident and
Skeptical Confident segments. Nearly 100% of respondents in both groups received a COVID-19
vaccine by July 2022. If we were to evaluate these groups based solely on their rates of vaccine
uptake, both groups would appear to be nearly identical. However, when considering COVID-19

booster uptake, the booster uptake rate among Skeptical Confidents was lower than the rate
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among Ready Confidents. These two segments also demonstrated distinct differences in their
frequencies of mask use and social distancing over time. Our findings suggest that when aiming
to capture a comprehensive set of segments within a market, segmentation research may benefit
from incorporating a similarly comprehensive range of beliefs, intentions, and behaviors into

segmentation models [see also 16].

Implications

Within each of the six segments, the patterns of responses to segmenting variables
provide insights that may facilitate the development of targeted messaging for other COVID-19
preventive behaviors, such as the uptake of bivalent COVID-19 vaccines that became available
in September 2022. For example, compared with the Burned-Out Waiters, the Anxious Waiters
reported greater anxiety about COVID-19 and some concerns about the safety of COVID-19
vaccines, yet respondents in this segment also reported moderate trust of scientists and experts
and did not generally endorse COVID-19 misinformation. Since many Anxious Waiters
ultimately received a COVID-19 vaccine, efforts to bolster this segment’s compliance with
recommended preventive behaviors (e.g., getting a bivalent, or updated, COVID-19 vaccine)
could include messaging and messaging strategies that integrate such segment-specific
information—such as messages that emphasize the safety of the original and bivalent COVID-19
vaccines—delivered by trusted messengers such as scientists or other experts. Similarly,
although the majority of Prevention-Compliant Non-Intenders did not receive a COVID-19
vaccine, many of the respondents in this segment continued to engage in mask use and social
distancing throughout the study period. Efforts to increase bivalent COVID-19 vaccine uptake in
this segment could include, for example, messaging that highlights the overlap between the

prevention behaviors in which they consistently engaged and the behavior of interest. However,
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the use of such messaging approaches should be appropriately vetted and tested prior to

implementation.

Limitations and Future Directions

The segmentation model was developed for the purpose of campaign outreach, such that
the approach taken by the research team to select variables for inclusion in the LCCA model—as
well as the methodology used to select a final set of segments—were guided by practical needs,
interpretability, and methodological rigor. Several variables that have guided similar
segmentation approaches in past research, such as concerns about finances and isolation anxiety,
were omitted from our model. Additionally, we did not include beliefs about COVID-19 boosters
in the segmentation model; these were not collected in Wave 1 of the survey because they had
not yet been developed. This omission of variables may partially explain the differences between
the segments identified in this study and the segments produced by other segmentation work in
the context of COVID-19 vaccination. In a departure from other segmentation research, we also
included variables relevant to mask use and social distancing, which may partially account for
these distinctions. Such differences may also be explained by data collection periods, because the
data used to develop our segmentation model was collected from January—February 2021, which
was later than the data collection periods for all other segmentation models reviewed to date.
However, as described earlier, there was considerable overlap between the segments in our
model and those identified through similar segmentation research, despite differences in the
variables included and the data collection periods. Given the timing of the data collection for our
segmentation model and the population from which our survey sample was drawn, the results
from this study may not be broadly applicable to COVID-19 prevention behaviors for other

periods of the COVID-19 pandemic, nor to other populations of interest.
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The criteria for selection of the six-segment model on which we report included the
interpretability of the segments and their utility for audience identification. This criteria differs
from the criteria for other published segmentation research in which researchers have tended to
rely only on fit statistics and other tests as the basis for selecting the appropriate number of
segments [e.g., 12]. When considering model fit, we found that the inclusion of more than six
segments did not improve the interpretability or targeting potential of the overall segmentation
solution, despite providing a better fit to the data. Thus, the six-segment model was the best fit
for our needs, though we acknowledge that the inclusion of additional segments could have
allowed us to differentiate between the segments more clearly with respect to the validation
variables (e.g., COVID-19 booster uptake).

The data collected in this study did not facilitate the evaluation of how customized
messages elicit different COVID-19 prevention behavior outcomes by segment. In fact, to our
knowledge, there are no published evaluations that demonstrate an association between exposure
to qualitatively different COVID-19 messages tailored to suit the needs of different segments (as
identified through a segmentation analysis) and COVID-19 prevention behaviors. Future
research could fill this gap by assessing the extent to which targeted messages elicit different
attitudinal and/or behavioral outcomes relevant to COVID-19 prevention across segments.
Inherent in segmentation research is the assumption that differentiation between segments
indicates the reasons for engaging in, or abstaining from, the behaviors on which they have been
segmented. Confirmatory evidence demonstrating that messages that are customized to segment
needs elicit differential effects on behavior by segment would help justify the use of
segmentation for the purposes of understanding a population and for facilitating audience

outreach. Lastly, validation analyses do not account for the likely influence of interventions (e.g.,
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public education campaigns) and environmental factors (e.g., mandates and other policies) that
occurred during ANONYMIZED survey fielding on respondents’ COVID-19 prevention
behaviors; accounting for such influence is beyond the scope of this work.
Conclusion

This study found that across segments of U.S. adults, the timing of COVID-19 vaccine
and booster uptake and the uptake of other COVID-19 prevention behaviors corresponded with
adults’ initial COVID-19 vaccination intentions. Study findings reveal the importance of
examining a wide range of cognitions, sociodemographics, and other variables to identify which
segments of a population are more or less likely to get vaccinated. As the threat of COVID-19
continues to evolve over time, these findings can be used to inform COVID-19 response by
public health organizations. This research also serves as a conceptual basis for future
segmentation modeling to inform the response to yet unknown infectious diseases, and especially
those diseases for which several preventive behaviors are recommended. The results from this
and other relevant segmentation research can help researchers, practitioners, and policymakers
identify and prioritize population segments for intervention according to the intended outcomes
of interest. In so doing, this research can support the rapid development of effective outreach
strategies for future public health crises to speed uptake of preventive behaviors, decrease the

severity of illness, and save lives.

30
https://preprints.jmir.org/preprint/56044 [unpublished, peer-reviewed preprint]



JMIR Preprints Luchman et &

Acknowledgements

The authors gratefully acknowledge our current and former colleagues at the [ANONYMIZED]
who played key roles in survey design and implementation, weighting, data management and
quality assurance, project administration, and funding acquisition. We thank the thousands of
research participants who made this study possible. No financial disclosures were reported by the

authors of this paper.

This publication represents the views of the authors and does not represent [ANONYMIZED]

position or policy.

This work was supported by the [ANONYMIZED]. This study was approved by the Biomedical

Research Alliance of New York (BRANY; protocol 20-077-821).

Conflicts of interest

The authors have no conflicts of interest to disclose.

31
https://preprints.jmir.org/preprint/56044 [unpublished, peer-reviewed preprint]



JMIR Preprints

10.

11.

12.

13.

Luchman et al

References
CDC. COVID Data Tracker. Cent Dis Control Prev. 2022. Available from:
https://covid.cdc.gov/covid-data-tracker [accessed Jul 15, 2022]

CDC. COVID-19 Vaccine Effectiveness Research. 2022. Available from:
https://www.cdc.gov/vaccines/covid-19/effectiveness-research/protocols.html [accessed Apr
7,2022]

Aw J, Seng JJB, Seah SSY, Low LL. COVID-19 Vaccine Hesitancy—A Scoping Review of
Literature in High-Income Countries. Vaccines Multidisciplinary Digital Publishing
Institute; 2021 Aug;9(8):900. doi: 10.3390/vaccines9080900

Finney Rutten LJ, Zhu X, Leppin AL, Ridgeway JL, Swift MD, Griffin JM, St Sauver JL,
Virk A, Jacobson RM. Evidence-Based Strategies for clinical organizations to address
COVID-19 Vaccine hesitancy. Mayo Clin Proc 2021 Mar;96(3):699-707. PMID:33673921

Fisk RJ. Barriers to vaccination for coronavirus disease 2019 (COVID-19) control:
experience from the United States. Glob Health J 2021 Mar 1;5(1):51-55. doi:
10.1016/j.glohj.2021.02.005

Latkin CA, Dayton L, Yi G, Konstantopoulos A, Boodram B. Trust in a COVID-19 vaccine
in the U.S.: A social-ecological perspective. Soc Sci Med 1982 2021 Feb;270:113684.
PMID:33485008

Sallam M. COVID-19 Vaccine Hesitancy Worldwide: A concise systematic review of
vaccine acceptance rates. Vaccines Multidisciplinary Digital Publishing Institute; 2021
Feb;9(2):160. doi: 10.3390/vaccines9020160

Troiano G, Nardi A. Vaccine hesitancy in the era of COVID-19. Public Health 2021
May;194:245-251. PMID:33965796

Meng MD, Olsen MC. Market segmentation strategies can be used to overcome COVID-19
vaccine hesitancy and other health crises. J Consum Aff 2022;56(2):957-968. doi:
10.1111/joca.12421

Wedel M, Kamakura WA. Market segmentation: Conceptual and methodological
foundations. Springer Science & Business Media; 2000.

Chen J-H, Shiu C-S. Race, ethnicity and COVID-19 vaccine concerns: A latent class
analysis of data during early phase of vaccination. SSM - Popul Health 2022 Jun
1;18:101073. doi: 10.1016/j.ssmph.2022.101073

Schneider KE, Dayton L, Rouhani S, Latkin CA. Implications of attitudes and beliefs about
COVID-19 vaccines for vaccination campaigns in the United States: A latent class analysis.
Prev Med Rep 2021 Dec 1;24:101584. doi: 10.1016/j.pmedr.2021.101584

Wagner AL, Porth JM, Wu Z, Boulton ML, Finlay JM, Kobayashi LC. Vaccine Hesitancy
During the COVID-19 Pandemic: A Latent Class Analysis of Middle-Aged and Older US

32

https://preprints.jmir.org/preprint/56044 [unpublished, peer-reviewed preprint]



JMIR Preprints Luchman et &

Adults. J Community Health 2022 Jun 1;47(3):408-415. doi: 10.1007/s10900-022-01064-w

14. Lee AY, Wang J, Bockenholt U, Lee L, Ohme R, Reykowska D, Yeung C. The Enthusiasts
and the Reluctants of COVID-19 Vaccine Uptake: A Cluster Analysis. J Assoc Consum Res
The University of Chicago Press Chicago, IL; 2022;7(2):222-234.

15. NORC. Technical overview of the AmeriSpeak panel NORC'’s probability-based household
panel. 2022. Available from: https://amerispeak.norc.org/content/dam/amerispeak/research/
pdf/AmeriSpeak%?20Technical%200verview%202019%2002%2018.pdf [accessed May 10,
2022]

16. Thm J, Lee C-J. Toward More Effective Public Health Interventions during the COVID-19
Pandemic: Suggesting Audience Segmentation Based on Social and Media Resources.
Health Commun Routledge; 2021 Jan 2;36(1):98-108. doi:
10.1080/10410236.2020.1847450

33
https://preprints.jmir.org/preprint/56044 [unpublished, peer-reviewed preprint]



JMIR Preprints Luchman et &

Supplementary Files

https://preprints.jmir.org/preprint/56044 [unpublished, peer-reviewed preprint]



JMIR Preprints Luchman et &

Multimedia Appendixes

Supplemental Materials.
URL.: http://asset.jmir.pub/assets/6¢77123850bbd21e0b8068b11d60a8c3.docx

https://preprints.jmir.org/preprint/56044 [unpublished, peer-reviewed preprint]


http://www.tcpdf.org

	Table of Contents
	Original Manuscript
	Supplementary Files
	Multimedia Appendixes
	Multimedia Appendix 1



