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ABSTRACT

Rationale: Countries worldwide rely on the COVID-19 vaccine to contain the spread of the pandemic. However,
because of the inequality in distribution, people in many demographic groups and regions still do not have access
to a safe and effective COVID-19 vaccine.

Objective: To aid vaccine promotion campaigns that target populations with different access to the COVID-19
vaccine, this study examined how vaccine availability and vaccination intention influence people’s consider-
ation of the COVID-19 vaccine.

Method: We conducted a two-wave longitudinal survey and choice-based conjoint experiment to examine the
influence of vaccine availability and vaccination intention on perceived barriers of vaccination (e.g., safety and
cost concern) and preference in different vaccine features (e.g., FDA approval status and number of doses
administered).

Result: We found that low availability and intention increased attention to global behavioral barriers such as
safety concern and high-level vaccine attributes such as efficacy. In contrast, high availability articulates prac-
tical considerations such as cost and logistics associated with vaccination.

Conclusion: Based on such findings, we conclude that health communicators need to strategically customize their
messages based on audience access to the COVID-19 vaccine and their intention to get vaccinated. Highlighting
the safety and effectiveness of the vaccine may be more effective in low-accessibility and low-intention groups,
while emphasis on practical considerations such as vaccine cost and logistics may be more effective in high-
accessibility and high-intention groups.

1. Introduction

time was even longer for people in certain demographic groups and
locations.

The coronavirus disease 2019 (COVID-19) pandemic has taken a toll
on societies worldwide, leaving hundreds of millions infected and mil-
lions deceased (World Health Organization (WHO, 2021). Since the
early stage of the pandemic, people have been expecting a safe and
effective vaccine that reduce transmission of, and the mortality risk, of
the disease. The outcome of a yearlong wait is encouraging. With mul-
tiple tested vaccines available to a growing number of people world-
wide, the infection and death rates of COVID-19 in many countries have
been decreasing since February 2021 (WHO, 2021). The development
and approval of COVID-19 vaccines has been drastically faster in com-
parison to other vaccines (Slaoui and Hepburn, 2020). However, it took
almost a year for the vaccines to become widely available, and the wait

Although studies have identified the different factors associated with
people’s intention to get vaccinated for COVID-19 (Chu and Liu, 2021;
Motta, 2021), to date, none has studied the implication of vaccine
availability for the public acceptance of the COVID-19 vaccine.
Considering that behavioral adoption is not a static process but involves
different considerations at different stages (Prochaska and Velicer,
1997), understanding the impacts of vaccine availability is critical to
prepare those who have yet to be eligible for a COVID-19 vaccine and
keep the momentum among those eligible to receive a vaccine. From a
broader perspective, as solutions to many health and environmental
risks (e.g., novel energy sources and vaccines for cancer) are still under
development and may take years to become available, examining the
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influence of COVID-19 vaccine availability helps determine effective
communication strategies that promote continued public support for the
development and implementation of risk solutions.

The construal level theory of psychological distance offers a useful
perspective to explain the influence of vaccine availability (Trope and
Liberman, 2010). According to the theory, psychological distance de-
notes the perceived distance between an observer and the target object
on four interrelated dimensions, including spatial, temporal, social, and
hypothetical dimensions. Change in one distance dimension often leads
to variation in others. In terms of the COVID-19 vaccine, lower avail-
ability not only means that one gets a vaccine in the future (i.e., far
temporal distance) but also increases the perceived social (i.e., people
like me cannot receive a vaccine now), spatial (i.e., people in my area
are not getting vaccinated), and hypothetical (i.e., the chance for me to
receive a vaccine is low) distances of the COVID-19 vaccine.

Another proposition of the construal level theory is that change in an
object’s distance leads to variation in people’s mental representation of
such object (i.e., construal level). Specifically, distant objects are often
construed abstractly (i.e., high construal level), while nearby objects are
construed more concretely (i.e., low construal level). For instance,
people tend to use more abstract language to describe events that took
place in a distant than in nearby setting (Fujita et al., 2006). Because of
the association between psychological distance and construal level, the
theory suggests that people may respond to psychologically far or close
stimuli differently because of different availability and accessibility of
abstract and concrete cues. As a consequence, abstract consideration
tends to exert stronger influence when the distance perception is far,
while concrete concerns may carry more weight in decision-making
processes involving short distance. For example, Liberman and Trope
(1998) found that students preferred a convenient task (a concrete
feature) over a rewarding one (an abstract feature) when the task would
take place in the near future. However, their preference reversed when
the temporal distance increased. A similar shift in preference was also
observed when distance changes in other dimensions (Liviatan et al.,
2008).

Based on the construal level theory, it is reasonable to suggest that
availability of COVID-19 vaccines and the corresponding distance
perception may also influence what people consider when contem-
plating a vaccine. In particular, when the COVID-19 vaccine is available
to a person, concrete considerations may be more accessible in a per-
son’s construal of the vaccine. Abstract considerations may exert
stronger influence when the vaccine is hard to obtain. Such possibility
points to another important question: what are the concrete and abstract
considerations of the COVID-19 vaccine? We argue that people’s
consideration of the COVID-19 vaccine can be examined from two per-
spectives, which are perceived barriers to getting the COVID-19 vaccine
and characteristics of the COVID-19 vaccine.

Perceived barriers have long been studied as an integral components
of health behavior theories such as the health belief model (HBM) (Janz
and Becker, 1984). Perceived barrier was found to exert strong influence
on people’s intention to get different types of vaccines such as HPV and
influenza vaccines (Brewer and Fazekas, 2007; Schmid et al., 2017).
Previous studies often take a unidimensional approach to operationalize
such construct. A single composite variable averaged from ratings of
multiple perceived barriers (e.g., too busy to receive a vaccine, vaccine
safety concern) is often included in analytical models instead of multiple
variables, capturing different aspects of barriers (Allen et al., 2009;
Weinstein, 1993). However, more recent studies propose a multidi-
mensional model of perceived barriers (Gerend et al., 2013). Specif-
ically, Gerend et al. (2013) argue that some barriers are more abstract
and global (e.g., safety concern), while others are more concrete and
practical (e.g., time constraint). Therefore, psychological distance
should be positively associated with global barriers but negatively
linked to practical barriers. Indeed, they identified three practical bar-
riers (i.e., logistics, cost, and fear of shots) and two global barriers (i.e.,
safety concern and relevance of the vaccine) that exerted different
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influences on people’s intention to receive an HPV vaccine.

Perceived barriers to receive a COVID-19 vaccine characterize peo-
ple’s consideration of their ability to perform the vaccination behavior.
On the other hand, vaccine characteristics delineate individual percep-
tion of the vaccine itself. Similar to perceived barriers, perception of risk
prevention measures such as vaccination has been studied in health
behavior theories. For instance, the extended parallel process model
(EPPM) captures perception of preventive solutions with response effi-
cacy, that is, a solution’s ability to prevent negative consequences
(Witte, 1992). However, people’s evaluation of vaccine goes beyond its
efficacy in preventing diseases. For instance, recent studies show that
people’s evaluations of vaccines are determined by multiple factors such
as cost, effectiveness, country of origin, and side effects (Kreps et al.,
2020; Motta, 2021; Sun et al., 2020). Moreover, WHO’s Strategic
Advisory Group of Experts on vaccine hesitancy suggests that people’s
confidence in vaccine and the convenience of vaccination work together
to shape their intention to get vaccinated (Schuster et al., 2015).
Therefore, it is reasonable to believe that people’s evaluation of vaccine
may also be multidimensional, and different dimensions may associate
differently with high or low construal level.

Specifically, construal level theory argues that high- and low-level
features can be determined based on two criteria: centrality and sub-
ordination (Trope and Liberman, 2010). Centrality refers to high-level
features’ more dominant influence on the meaning of an object. For
instance, a vaccine that is not safe may not be considered as a viable
prevention against COVID-19, but a vaccine that costs more than others
may still be attractive to many. On the other hand, subordination refers
to low-level features’ dependence on high-level features to create
meaning. For instance, vaccine cost may be an important consideration
when a vaccine is safe and effective, but vaccine safety and effectiveness
are important to people regardless of its costs. Therefore, we argue that
high-level features of a COVID-19 vaccine, such as safety, may weigh
more in people’s decision-making on vaccine when the psychological
distance of COVID-19 vaccine is far. On the contrary, low-level char-
acteristics, such as cost and logistics, may exert stronger impacts on
people’s vaccine preference when the distance is close.

Importantly, another factor that may also shape perceived distance
and construal of COVID-19 vaccines is vaccination intention. Goal
pursuit theories suggest that concrete cognition of the means to achieve
a goal tend to be more accessible when the goal is active, that is, when
the person intends to achieve such goal (Gerend et al., 2013). Therefore,
a person who intends to get vaccinated may construe COVID-19 vaccines
more concretely and perceive it as closer. To support this claim, studies
have determined that people who intended to receive an HPV vaccine
were more likely to cite practical concerns such as vaccine cost as a
behavioral barrier, while those with lower intention were more likely to
cite high-level barriers such as safety concerns (Gerend et al., 2013).
Reciprocally, global and practical barriers also exerted different levels of
influence on vaccination intention. Thus, we argue that, along with the
vaccine availability, vaccination intention may influence people’s
consideration of abstract and concrete barriers or vaccine
characteristics.

It is worth noting that psychological distance and construal level are
not novel concepts in health research. Studies have long examined how
proximal and distant health risks influence people’s willingness to adopt
preventive behaviors (Kim and Nan, 2019; Liu and Yang, 2020). How-
ever, most studies focused on the distance of risks, with few investigated
the distance of solutions such as vaccine. Thus, the current study seeks to
address this gap. We specifically ask three research questions:

RQ1. Do availability of the COVID-19 vaccine and intention to
receive a COVID-19 vaccine influence people’s perceived distance of
the vaccine?

RQ2. Do availability of the COVID-19 vaccine and intention to
receive a COVID-19 vaccine influence people’s consideration of
global and practical barriers of getting a COVID-19 vaccine?
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RQ3. Do availability of the COVID-19 vaccine and intention to
receive a COVID-19 vaccine influence people’s consideration of high-
and low-level characteristics of the COVID-19 vaccine?

To address these questions, we conducted a longitudinal survey and
choice-based conjoint experiment that targeted two national samples.
The longitudinal survey was fielded before and after COVID-19 vaccines
became widely available in the United States. The conjoint experiment
was conducted few months before the COVID-19 vaccine entered the U.
S. market. We manipulated perceived availability of the COVID-19
vaccine and examined people’s preference in vaccine characteristics
with conjoint analysis.

2. Study 1
2.1. Sample

Upon approval from the Institutional Review Board at the lead au-
thor’s institution, a sample of 934 participants was recruited from an
online panel managed by Prolific.co between September 5 and 8, 2020.
A total of 1001 participants started the survey. Responses from those
who passed the attention check questions and did not contract COVID-
19 nine months prior to taking the survey were retained. The age and
gender composition of the sample is representative of the U.S. popula-
tion (Table 1; U.S. Census Bureau, 2019). Six months after the first
survey (March 23-29, 2021), the participants who completed the wave 1
questionnaire were invited to participate in a follow-up survey. A total
of 554 participants responded to the second survey. They were asked to
provide their age and gender to ensure that the same person was taking
time 2 questionnaire. Responses from those who provided different age
or gender were dropped, resulting in a sample of 534 participants
(response rate = 56.6%). Among those who completed the second sur-
vey, 199 have received at least one dose of a COVID-19 vaccine, with 37
scheduled to receive a vaccine soon. There were 291 participants who
reported that they have not received any COVID-19 vaccine, and their

Table 1
Sample demographics.

Study 1 (Time 1
Survey)

Study 1 (Time 2
Survey)

Study 2

Sample percentage or Mean (Standard Deviation)

Age 46.01 (16.17) 46.91 (14.26) 46.45
(17.2)
Gender
Female 50.1% 51.5% 50.8%
Male 48.7% 47.4% 49.2%
Other 1.2% 1.0% -
Race
Non-Hispanic White or 74.7% 73.5% 60.9%
Caucasian
Non-Hispanic Black or 12.2% 14.4% 13.2%
African American
Hispanic or Latino 3.6% 3.1% 18.3%
Asian, Pacific Islander, 7.3% 6.9% 6.1%
Native American
Other 2.1% 2.1% 1.5%
Education
Less than High School 0.6% 1.0% 15.0%
High School/GED 12.4% 14.1% 27.9%
Some College 23.3% 26.5% 14.0%
2-year College Degree 9.7% 13.7% 8.4%
4-year College Degree 33.7% 29.9% 18.6%
Graduate Degree 20.3% 14.8% 16.1%
Income
Below $35,000 31.3% 35.7% 28.3%
$35,000 - $49,999 13.8% 14.4% 12.4%
$50,000 - $74,999 21.0% 21.3% 18.2%
$75,000 - $99,999 14.0% 10.0% 12.2%
$100,000 and above 19.9% 18.5% 28.9%
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responses were used in the repeated measure analyses. There was no
significant difference in age, gender, race, and income between time 1
and final sample. However, participants retained in the final sample
were slightly less educated than those in time 1 sample (32 [7] = 21.39,
p < 0.01). The observed power of the statistical analyses ranges from
0.980 to 1.00 (a = 0.95). Informed consent was obtained from all par-
ticipants included in the study. A link to the data collected in this study is
in the supplementary file.

2.2. Procedure

The means and standard deviations of the measurement items and
scale reliability are reported in Table 2. In summary, time 1 survey
measured participants’ demographics, perceived availability and dis-
tance of the COVID-19 vaccine, perceived barriers to receiving a vac-
cine, and intention to receive a COVID-19 vaccine. Those who have not
received or scheduled a COVID-19 vaccine were asked to indicate their
perceived availability of COVID-19 vaccine and barriers that may pre-
vent them from getting a COVID-19 vaccine at time 2. As expected,
participants perceived a COVID-19 vaccine as more available at time 2
than at time 1 (F [1, 193] = 83.90, ;12 = 0.303; time 1: M = 3.24, SD =
0.87; time 2: M = 2.44, SD = 0.97).

2.3. Analysis

Statistical analyses in study 1 were performed using SPSS 26.0. To
identify the influence of vaccine availability on perceived barriers
before and after the COVID-19 vaccine became widely available in the
United States, repeated measure analysis of variance (ANOVA) was
used. Further, a mixed-model ANOVA was employed to test the inter-
active effects of vaccine availability and vaccination intention on
different barrier perceptions. These models allow concurrent compari-
son of within- and between-subject difference in perceived barriers,
providing more accurate examination of the influences of vaccine
availability and vaccination intention than between-subject models. No
missing data imputation was used, as participants were requested to
answer all questions in the questionnaire. A link to study 1 data set can
be found in the supplementary file.

2.4. Results

In response to RQ1, we analyzed whether availability and intention
were correlated with the perceived distance of the vaccine. As expected,
participants who believed that a COVID-19 vaccine will be available to
them soon perceived it as closer to them on all four distance dimensions
(temporal: r = 0.60, p < 0.001; hypothetical: r = 0.29, p < 0.001; social:
r=0.32, p < 0.001; spatial: r = 0.25, p < 0.001).

In addition, vaccination intention led to different distance percep-
tions (temporal: F [2, 931] = 15.94, p < 0.001, 7> = 0.033; hypothetical:
F[2,931] = 37.09, p < 0.001, 52 = 0.055; social: F [2, 931] = 37.09, p <
0.001, 112 = 0.074; and spatial: F [2, 931] = 28.62, p < 0.001, r]z =
0.058). Post-hoc tests show that those who intended to receive a COVID-
19 vaccine in general perceived it as closer on four dimensions than
those who were not sure whether they will get vaccinated (temporal:
mean difference = —0.292, se = 0.054, p < 0.001; hypothetical: mean
difference = —0.439, se = 0.060, p < 0.001; spatial: mean difference =
—0.311, se = 0.047, p < 0.001; social: mean difference = —0.373, se =
0.049, p < 0.001). However, intenders and non-intenders only differed
in spatial and social distance perceptions but not temporal and hypo-
thetical distance perceptions (temporal: mean difference = 0.002, se =
0.074, p = 1.000; hypothetical: mean difference = —0.136, se = 0.082, p
= 0.296; spatial: mean difference = —0.354, se = 0.065, p < 0.001; social:
mean difference = —0.398, se = 0.067, p < 0.001).

RQ2 asks whether vaccine availability and vaccination intention
influence perceived barriers to receive a COVID-19 vaccine. We con-
ducted a full-factorial mixed model ANOVA with types of perceived



H. Chu and S. Liu

Social Science & Medicine 286 (2021) 114315

Table 2 Table 2 (continued)
Measurement. Measurement Study 1 Study 1 Study
Measurement Study 1 Study 1 Study (Time 1) (Time 2
(Time 1) (Time 2 2)
- 2 N _ M (SD) or o M (SD) o M o
M (SD) or o M (SD) o M o percentage (SD)
percentage (D) Social distance 2340.70) 08 - - 243 0.63
Perceived availability (0.73)
On the scale of 1-5, 3.23 (0.84) - 2.44 - 3.23 - The COVID-19 2.23 (0.80) - - - 2.23 -
how soon or far in (0.97) (1.13) vaccine will likely (0.89)
the future do you be available to
think the COVID- people like me.
19 vaccine will be (reverse coded)
available to you? It will be hard for 2.52 (0.93) - - - 2.77 -
(1 = very soon; 5 people like me to (1.10
= very far) get the COVID-19
Perceived distance vaccine.
Temporal distance 3.16 (0.76) 077 - - 3.11 0.70 The COVID-19 2.26 (0.749) - - - 2.30 -
(0.84) vaccine will likely (0.87)
Please indicate how 3.47 (0.88) - - - 3.04 - be available to my
much you agree or (1.06) family and friends.
disagree with the (reverse coded)
following Perceived barriers
statement: The Global barrier
COVID-19 vaccine Safety concern 3.31 (1.23) 0.88 2.82 094 - -
will be available to (1.51)
me very soon. When the COVID-19 3.39(1.38) - 2.82 - - -
(reverse coded) (1 vaccine is (1.59)
“strongly disagree” available to you,
to 5 “strongly how much would
agree) the following
The COVID-19 2.85 (0.96) - - - 3.01 - factors prevent you
vaccine will NOT (1.10) from getting the
be available to me COVID-19
until very far in the vaccine? -
future. Concerns about
Iwill have to waitfor ~ 3.18 (0.91) - - - 3.29 - whether the
a long time before (1.03) COVID-19 vaccine
the COVID-19 is safe. (1 “very
vaccine become little” to 5 “a great
available to me. deal”)
Hypothetical 2.92(0.85) 0.78 - - 2.89 0.65 Not enough research ~ 3.36 (1.36) - 2.68 - - -
distance (0.79) done on the (1.60)
I am uncertain 2.96 (1.07) - - - 2.99 - COVID-19 vaccine
whether the (1.11) I have concerns 3.18 (1.37) - 2.97 - - -
COVID-19 vaccine about possible side (1.58)
will be available to effects of the
me. COVID-19 vaccine
It is hard to predict 3.27 (1.08) - - - 3.34 - Relevance
whether the (1.07) Idon’t think Ineeda  1.57(1.13) - 1.90 - - -
COVID-19 vaccine COVID-19 vaccine (1.38)
will be available to Practical Barriers
me. Fear of shot 1.37 (0.72) 0.78  1.39 0.77 - -
I am certain that the 2.53(0.92) - - - 2.34 - (0.71)
COVID-19 vaccine (0.92) I'm worried it may 1.48 (0.92) - 1.48 - - -
will be available to hurt alot to receive (0.90)
me. (reverse the COVID-19
coded) vaccine
Spatial distance 2.25(0.67) 077 - - 2.41 0.58 Fear of shots and 1.38(0.88) - 1.41 - - -
(0.70) needles (0.89)
The COVID-19 2.14 (0.74) - - - 2.20 _ 1 have concerns 1.27 (0.77) - 1.29 - - -
vaccine will likely (0.85) about fainting if I 0.79)
be available in my get vaccine shots
area. (reverse Logistics 1.51 (0.65) 0.55 1.40 0.57 - -
coded) (0.61)
People in my 2.31 (0.76) - — - 2.34 - I am not sure where 1.91 (1.12) - 1.62 - - -
neighborhood will (0.89) to get a COVID-19 (1.07)
likely be able to get vaccine
the COVID-19 Getting a COVID-19 1.38 (0.81) - 1.33 - - -
vaccine. (reverse vaccine may take (0.72)
coded) too much time
The COVID-19 2.30 (0.93) - - - 2.70 - I am too busy to get 1.24 (0.69) - 1.25 - - -
vaccine will likely (1.11) vaccinated (0.66)
be only available Cost 2.01 (1.07) 0.8 1.36 0.77 - -
in places far away (0.73)
from my Vaccine cost (it’s too  2.32 (1.38) - 1.40 - - -
community. expensive) (0.90)

(continued on next page)
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Table 2 (continued)

Measurement Study 1 Study 1 Study
(Time 1) (Time 2

2)

M (SD) or o M (SD) o M [
percentage (SD)

I’'m not sure how to 1.72 (1.11) - 1.33 - - -
file the insurance (0.83)
claim to get
reimbursed
My insurance may 1.98 (1.28) - 1.36 - - -
not cover the (0.91)
COVID-19 vaccine
Intention (study 1) - - - - - -
Do you plan to get a 52.70% - - - - -
COVID-19 vaccine
when it is available
to you? - Yes
No 13.70% - - - - -
Not sure 33.60% - - - - -
Intention (study 2) - - - - 3.68 0.95
(1.33)
One the scale of 1 - - - - 3.80 -
(very unlikely) to 5 (1.36)
(very likely),
please indicate the
likelihood that you
will: Consider
getting the COVID-
19 vaccine.
.. try to get the - - - - 3.64 -
COVID-19 vaccine. (1.40)
.. actually get - - - - 3.60 -
vaccinated for (1.41)
COVID-19.

barriers and time as within-subject factors and vaccination intention at
time 1 as the between-subject factor. Mauchly’s Test of Sphericity in-
dicates that the assumption of sphericity had been violated for barrier
type (x2 [9] = 202.24, p < 0.001) and the interaction between barrier
type and time (Xz [91 = 160.20, p < 0.001). Therefore, Green-
house-Geisser correction was applied to the degrees of freedom. As the
objective of this study, that is, to identify the influence of availability
and intention on people’s consideration of different barriers, our anal-
ysis centers on the interaction between barrier type, time, and intention.
The results of within-subject effect tests indicate that the interaction
between barrier type and time (F [3.30, 951.37] = 37.01, p < 0.001,
partial 2 = 0.114) is a significant predictor of perceived barriers to
receive a COVID-19 vaccine. Moreover, significant interactions were
identified between vaccination intention and barrier type (F ([6.24,
899.15] = 52.04, p < 0.001, partial 7* = 0.265) and in all three variables
(F [6.61, 951.37] = 3.91, p < 0.001, partial > = 0.026).

To identify the influence of availability on perceived barriers,
Fig. 1.1 plots their marginal means in two time points. Evidently, safety
concern, a global barrier, decreased at time 2, indicating that a higher
availability of the vaccine may have reduced people’s consideration of
such high-level obstacle. In contrast, practical barriers, such as fear of
shot and logistic concern, did not change much between time points.
Notably, cost concern also dropped at time 2, which may be due to the
free distribution of the COVID-19 vaccine in the United States.

Similarly, Fig. 1.2 plots marginal means of perceived barriers
depending on participants’ intention to vaccinate themselves. Similar
pattern emerged as individuals who did not intend to receive a COVID-
19 vaccine were far more likely to cite global barriers (i.e., relevance and
safety concern) as a barrier than those in the high-intention group.
However, consideration of practical barriers did not differ among
groups.

Last, we plotted marginal means of perceived barriers across
different combinations of vaccination intention and time points in
Fig. 1.3. Similar drop in safety and relevance concerns were observed
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when vaccination intention and vaccine availability were higher.
However, practical concerns did not vary (except for between-time
change in cost concern) across time points and intention groups.

2.5. Discussion

Evidently, people were more likely to cite global barriers, such as
safety and relevance concerns, when the availability of vaccine and their
intention to get one were low. Interestingly, the effects of barrier type,
vaccine availability, and vaccination intention were also relatively high.
However, we did not observe the increase in practical concerns among
low-intention individuals reported in Gerend et al. (2013). This may be
due to the national push to provide the COVID-19 vaccine to everyone in
the country. It may have reduced people’s consideration of practicalities
such as vaccine cost and wait time. It is worth mentioning that the in-
crease in availability may also be related to increased knowledge of the
vaccine, which may render information of the vaccine more readily
accessible and thus influence people’s consideration of global and
practical barriers. However, knowledge alone may not explain the
different changes in barrier perceptions between two time points, as
knowing more about the vaccine (e.g., vaccine safety, where to get the
vaccine) may likely lead to consistent decrease in all perceived behav-
ioral barriers.

In summary, the results of study 1 partially supported our reasoning.
Low availability and intention led to farther distance perception of the
COVID-19 vaccine, which may further influence people’s mental con-
strual. Low vaccine availability and vaccination intention increased the
weight of global barriers, such as vaccine safety in people’s consider-
ation of behavioral barriers to receiving a COVID-19 vaccine.

3. Study 2
3.1. Sample

A sample of 727 participants were recruited from an opt-in panel
maintained by Qualtrics between October 8 and 20, 2020. The sample
demographic is representative of the U.S. population (Table 1; U.S.
Census Bureau, 2019). A total of 1856 participants started the survey.
The responses from those who passed the attention check questions and
have not contracted COVID-19 nine months prior to taking the survey
were retained (N = 727). Power analysis indicates that the sample is
sufficient to achieve a power of 0.92 in detecting small difference be-
tween participant preferences in different vaccine characteristics
(AMCE = 0.05, level = 3, tasks = 5). Informed consent was obtained
from all participants included in the study.

3.2. Procedure

A choice-based conjoint experiment embedded in an experimental
survey was delivered on Qualtrics.com. Perceived availability of the
COVID-19 vaccine was manipulated with a mock vaccine availability
estimate system. First, the participants were asked to report their de-
mographics and were then informed that their information is being
analyzed to estimate how soon a COVID-19 vaccine would be available
to them. In the high-availability condition, the participants were told
that a COVID-19 vaccine will be available to them in one to three
months. In the low-availability condition, the estimated wait time was
10-12 months. As a manipulation check, the participants responded to
the same perceived availability question in study 1. Those in the low-
availability condition reported a significant longer wait time (M =
3.48, SD = 1.10) than those in the high-availability condition (M = 2.99,
SD =1.11; F [1725] = 36.82, p < 0.001, 42 = 0.048). The experimental
manipulation was successful. The participants were fully debriefed at
the end of the survey and were directed to the Centers for Disease
Control and Prevention’s (CDC) website for information related to
COVID-19 vaccine distribution.
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Fig. 1. Marginal means of perceived barriers across time points and intention groups.
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Utilizing the similar distance perception measurement in study 1, we
assessed participants’ perceived distance of the COVID-19 vaccine.
Those in the low-availability condition perceived the COVID-19 vaccine
as temporally (F [1725] = 23.73, p < 0.001, 112 = 0.032) distant than
those in the high-availability condition. However, there was no signifi-
cant between-condition difference in hypothetical (F [1725] =1.62,p =
0.20, 5% = 0.002), social (F [1725] = 0.76, p = 0.382, 52 = 0.001), and
spatial (F (1,725) = 1.75, p = 0.186, ;12 = 0.002) distance perceptions.

Furthermore, we measured participants’ intention to receive a
COVID-19 vaccine with three items (see means, standard deviations, and
scale reliability in Table 2). The scale was reliable, and an average
composite score was created (median = 4.00). The intention variable
was dichotomized with a median split to create a categorical variable for
subgroup conjoint analysis (1 jow-intention = 405, 7 high-intention = 322).

In the choice-based conjoint experiment, the participants were given
six pairs of hypothetical COVID-19 vaccines that may differ in seven
attributes and were asked to choose one vaccine they prefer out of each

Table 3
Conjoint experiment choices.
Attribute Level 1 Level 2 Level 3
Out-of-pocket $0 $20 $100
cost
Vaccination site Offsite drive/ Clinic Pharmacy
walk-through
Wait time <1lh 1-2h 2h
Number of doses 1 2 -
Effective rate 50% 65% 80%
Approval status Approved by FDA  Emergency Use -
Authorization (EUA)
Side effect None reported Mild Moderate
Recommended Your doctor CDC The White
by House

Note. Vaccine profiles include random combination of different attribute levels.

(continued).

pair. Table 3 illustrates the attributes and their corresponding levels.
Conjoint experiment has long been used in marketing research and
gained attention from political science and public health scholars in the
recent years (Hainmueller et al., 2014; Kreps et al., 2020; Motta, 2021;
Sun et al., 2020). Unlike vignette-based experiment, in which re-
spondents are exposed to one or few of the treatment conditions,
conjoint analysis concurrently assesses people’s preference in multiple
attributes. In addition, the unique format of conjoint experiment better
mimics real-life decision-making scenarios, where people do not eval-
uate choices based on just one characteristic (as in vignette experiments)
but with consideration of different aspects of available options (Hain-
mueller et al., 2014). Conjoint experiment is particularly applicable to
construal level studies, as it provides an effective solution to assess the
influence of high- and low-level features simultaneously.

The seven attributes assessed in this experiment include both high-
and low-level features (Table 3). High-level features are central to
people’s perception of the COVID-19 vaccine and include its effective
rate and FDA approval status, which is related to the safety of a vaccine.
Low-level features include cost and logistics associated with getting a
COVID-19 vaccine. Based on the centrality and subordination principles,
we argue that vaccine side effects and endorsement may also be
considered as low-level features. Specifically, change in the effectiveness
and safety of a vaccine are more likely to alter people’s overall evalu-
ation of the vaccine (i.e., centrality), and variation in side effects and
endorsement may not alter evaluation of an effective and safe vaccine as
much as the other way around (i.e., subordination).

3.3. Analysis

A total of 727 participants viewed 8725 vaccine profiles and
completed 4362 choice tasks. However, upon close inspection, we found
that the order of tasks (e.g., the fifth and sixth choice tasks) interacted
with vaccine features to influence people’s choices (F [15, 8694] = 1.70,
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p = 0.044, #? = 0.003). This may be caused by fatigue of completing six
rounds of conjoint tasks. Thus, we retain results from the first four
rounds of conjoint tasks that involved 5816 profiles and 2908 choice
tasks. No significant interaction between task order and vaccine attri-
butes were identified (F [15, 5786] = 1.66, p = 0.052, ;12 = 0.004) in the
final sample.

We computed the average marginal component effects (AMCEs) of
each attribute level for the overall sample. The AMCEs are ordinary least
squares (OLS) regression coefficients of attribute levels that predict
participants’ preference for one vaccine profile over another, with
standard errors clustered at individual level. It represents the probability
of a participant choosing one attribute level (e.g., a vaccine with two
doses) over another (e.g., a vaccine with one dose) averaged in all
possible combination of other features (Hainmueller et al., 2014).
Marginal means were used to compare subgroup preference in different
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vaccine attributes to avoid bias in reference group selection (Leeper
etal., 2020). Marginal means measures participants’ favorability toward
each attribute level averaged in all other features. Higher marginal
means indicate a stronger preference for an attribute level. The AMCEs
and marginal means were computed in R with the “cregg” package
(Leeper, 2018). No missing data imputation was used, as participants
were requested to answer all questions in the questionnaire. A link to
study 2 data set can be found in the online supplementary file.

3.4. Results

Fig. 2 illustrates the AMCEs and their standard errors for each
attribute level. Higher AMCEs indicate that a level is preferred over the
reference level (which are represented as dots at 0). Reference levels
were determined based on existing studies (Kreps et al., 2020).
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Fig. 2. Estimated average marginal component means (AMCEs) of vaccine attribute levels.
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Evidently, the participants tend to prefer a vaccine that costs less and
requires less than 1 h wait time. Moreover, vaccines with no side effects
reported and higher effectiveness rates were preferred over other levels.
A vaccine recommended by one’s doctor is also preferred over those
recommended by the CDC or the White House. However, vaccination
sites and number of doses did not significantly influence participants’
favorability toward a vaccine.

To address RQ3, we tested whether vaccine availability and vacci-
nation intention influenced people’s consideration of different vaccine
characteristics. Fig. 3.1 compares the marginal means of each attribute
level between high- and low-availability conditions and high- and low-
intention groups. As previously suggested, marginal means compari-
son could effectively avoid biased results because of reference group
selection (Leeper et al., 2020). To aid interpretation of the results,
conditional AMCEs are also reported as regression coefficients (Hain-
mueller et al., 2014). Those in the high-availability group preferred less
than 1 h wait time than more than 2 h wait time (B = —0.072, se = 0.023,
p < 0.01). However, the difference was not significant in the
low-availability group (B = —0.028, se = 0.022, p = 0.186). Nonetheless,
the omnibus F-test indicates that there is no significant interaction be-
tween conditions and attribute levels (F [15, 5801] = 0.63, p = 0.85, ;12
= 0.002). In contrast, vaccination intention interacted with attribute
levels to influence people’s preference in vaccines (F [15, 5786] = 2.84,
p < 0.001, #* = 0.007; Fig. 3.2). Specifically, participants with higher
intention to receive a COVID-19 vaccine preferred a vaccine that re-
quires less than an hour than over 2 h wait time (B = —0.069, se = 0.024,
p < 0.01), while those with lower intention were less sensitive to such
difference (B = —0.039, se = 0.021, p = 0.061). Although not revealed in
the marginal means comparison, conditional AMCEs also indicate that
participants with lower vaccination intention preferred a COVID-19
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vaccine with no side effects reported than the one with mild side ef-
fects (B = —0.049, se = 0.022, p < 0.05). However, the difference was
not significant among those with higher vaccination intention (B =
0.005, se = 0.025, p = 0.835).

Fig. 4 compares whether the high- or low-availability cue led to
different vaccine preference among participants with high or low
vaccination intention (F [15, 5756] = 1.70, p < 0.01, 712 = 0.013).
Among low-intention individuals, low availability of a COVID-19 vac-
cine made them more sensitive to the difference between vaccines with a
full FDA approval or emergency use authorization (EUA) (low avail-
ability: B = —0.058, se = 0.027, p < 0.05; high availability: B = —0.047,
se =0.026, p = 0.071), and the difference between vaccines with mild or
moderate side effects (low availability: B= —0.065, se = 0.030, p < 0.05;
high availability: B = —0.049, se = 0.029, p = 0.089). On the other hand,
participants in the high-availability group were more sensitive to the
difference between $20 and free vaccines (low availability: B = —0.054,
se = 0.031, p = 0.081; high availability: B = —0.130, se = 0.030, p <
0.001) and vaccines recommended by their doctor or the CDC (low
availability: B = —0.033, se = 0.032, p = 0.296; high availability: B =
—0.112, se = 0.030, p < 0.001). Among high-intention individuals, low
availability information led to heightened sensitivity to the difference
between vaccine effective rates (65% vs. 50% effective; low availability:
B = 0.151, se = 0.0.030, p < 0.001; high availability: B = 0.064, se =
0.035, p = 0.073) and side effects (moderate vs. mild side effects: low
availability; B = —0.098, se = 0.032, p < 0.01; high availability: B =
—0.062, se = 0.034, p = 0.069). In contrast, high availability informa-
tion increased their sensitivity to vaccine approval status (approved by
FDA vs. EUA; low availability: B = 0.001, se = 0.027, p = 0.979; high
availability: B = —0.090, se = 0.026, p < 0.001) and wait time at the
vaccination site (more than 2 h vs. less than 1 h; low availability: B =
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Fig. 3. Marginal means of vaccine attribute levels across vaccine availability conditions and vaccination intention groups.
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Fig. 4. Marginal means of vaccine attribute levels across different combinations of vaccine availability conditions and vaccination intention groups.

—0.015, se = 0.034, p = 0.657; high availability: B= —0.134, se = 0.034,
p < 0.001).

3.5. Discussion

Although vaccine availability did not lead to significant change in
people’s consideration of vaccine characteristics, different valuation of
high- and low-level attributes depending on vaccine availability
emerged when participants with different levels of vaccination intention
were analyzed separately. Specifically, lower availability, which corre-
sponds to a closer perceived distance of the vaccine, increased the
weight of low-level practical features (e.g., cost, wait time, and
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endorsement) in participants’ evaluation of a COVID-19 vaccine. In
contrast, high availability motivated consideration of high-level global
features (e.g., effective rate and FDA approval status). Although the
effects identified are relatively small, such findings may indicate that the
influence of vaccine availability may function differently on people with
high or low intention to receive a COVID-19 vaccine.

Unlike perceived barriers, participants with higher intention were
more sensitive to difference in vaccine effective rates, a high-level
characteristic. On the other hand, participants with lower intention
were more sensitive to the difference in vaccine endorsement, a low-
level characteristic. This may indicate that vaccination intention may
function differently to influence people’s consideration of vaccination
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barriers and vaccine characteristics. In particular, as perceived barriers
are more relevant to one’s consideration of their own behavior, increase
in intention may lead to attention to the practicality of performing such
behavior. In contrast, as vaccine characteristics are more relevant to the
object of such behavior, higher intention may render the central feature
of such objective (e.g., effective rate) more salient, and lower-intention
individual may be more likely distracted by less central features such as
endorsement. It is also worth noting that vaccination intention was
dichotomized in study 2 to allow between-group comparison of mar-
ginal means of the attribute levels. Future studies may utilize different
research design and modeling strategy to examine the relationships re-
ported here.

4. General discussion

The results from the two studies show that vaccine availability and
vaccination intention influenced people’s consideration of the COVID-
19 vaccine. Low availability led to more distant perception of the vac-
cine, which enhanced the salience of high-level behavioral barriers and
vaccine characteristics. On the other hand, lower intention signaled the
importance of global concerns surrounding vaccine safety and one’s
need to get a vaccine. Findings from this study attest the explanatory
power of construal level theory of psychological distance in examining
individual’s perception of different vaccines (Gerend et al., 2013; Trope
and Liberman, 2010). As perceived distance of the vaccines increases,
either owing to low availability or low vaccination intention, high
construal level information tends to be more available and accessible. In
contrast, shorter psychological distance promotes attention to low-level
features of vaccines.

The findings of this study may contribute to the communication of
health and other risks from three perspectives. First, because of the
geographical and social inequity of COVID-19 vaccine distribution,
many people are still waiting to receive a vaccine (Gupta and Morain,
2021). To sustain public interest in getting vaccinated among these
groups, public health authorities may highlight the high-level feature of
the vaccine, such as its effectiveness and safety. On the contrary, in areas
where COVID-19 vaccine supplies are sufficient, enhancing its accessi-
bility and promoting it through trustworthy communicators, such as
primary care physicians, may be more efficient in enhancing vaccination
rate. Second, public health campaigns promoting other vaccines and
health behaviors may also benefit from this study. Specifically, when
communicating a novel health risk solution such as the COVID-19 vac-
cine, emphasizing on its safety and effectiveness may be more effective
in increasing public acceptance. On the contrary, existing vaccines and
medications such as flu shot may be better campaigned with its ease of
access highlighted. Similarly, health communicators should also tailor
their messages according to individual characteristics (Schuster et al.,
2015). People with easy access and higher adoption intention may be
better persuaded with messages that emphasize on practical features
such as costs and logistics, while those with lower accessibility and
intention may respond more positively to messages that highlight the
safety and effectiveness of the solutions. Finally, and from a broader
perspective, as solutions to health and environmental risks often take
years to become widely available and continue to serve the world,
strategic design and implementation of campaigns fit to the life cycle of
such solutions are needed. Specifically, early campaigns should articu-
late its central features, while stronger emphasis should be given to
practical features when availability and public acceptance increase.

This study also has several limitations. First, both samples were
recruited from opt-in panels. Although they share similar demographic
characteristics with the general population in the United States, a
random sample may enhance the external validity of findings reported
here. In a similar vein, the U.S. samples may have limited the applica-
bility of our conclusions to other cultures. Thus, we recommend future
studies to test the framework introduced here on more diverse samples.
Second, the reliability of some scales (e.g., hypothetical distance
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perception and logistics concern in study 1) was not optimal (Cronbach’s
a < 0.70). Future studies may revise the scales to improve their reli-
ability. Finally, the current study focused on the COVID-19 vaccine,
which is novel to most people. It would be meaningful to examine
whether these findings replicate in other contexts, such as the influenza
and HPV vaccines.

5. Conclusion

This study demonstrates that vaccine availability and vaccination
intention influenced people’s consideration of the COVID-19 vaccine.
Low availability and intention led to heightened attention to high-level
considerations such as safety concern and vaccine approval status. On
the other hand, high availability increased practical concerns, such as
cost, logistics, and endorsement associated with the vaccine. Because of
the inequality in COVID-19 vaccine distribution, we recommend public
health authorities and other health communicators to tailor their mes-
sages when communicating to populations with different vaccination
intention and access to the COVID-19 vaccine.
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