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Timing of preventive behavior in the case
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of COVID-19 vaccination

Deeksha Gupta' and Caroline Rudisill’

Abstract

Background Time preferences for preventive behavior under novel risks and uncertain contexts may differ from tim-
ing preferences related to familiar risks. Therefore, it is crucial to examine drivers of preventative health behavior
timing in light of new health risks. Using the case of COVID-19, we examine factors affecting vaccination timing plans
when vaccines were widely available in the European Union (EU).

Methods We use data from the Flash Eurobarometer 494 survey (May 21-26, 2021), which collected information

on EU residents’attitudes towards COVID-19 vaccinations. We also use the ‘Our World in Data’ vaccination database
for country-level COVID-19 vaccination rates. Probit regressions were conducted to determine how local vaccination
rates, trust in information sources, social norms, vaccine safety beliefs, and risk understanding affected the probability
of COVID-19 vaccination delay.

Results Of total participants (n=26,106), 9,063 (34.7%) were vaccinated, 7,114 (27.3%) wanted to get vaccinated

as soon as possible, 5,168 (19.8%) wanted to delay vaccination and 2,962 (11.4%) resisted vaccination. Participants
were more likely to delay COVID-19 vaccination if they lived in a country with lower vaccination prevalence, trusted
online social networks, family, friends, and colleagues for vaccination information, were eager to follow vaccination-
related social norms, expressed vaccine safety concerns, and understood the risk of catching COVID-19 without a vac-
cine to be lower.

Conclusions Results from the study contribute to understanding important factors that predict timing of vaccination
plans. These findings can also contribute to the wider knowledge base about timing of preventive behavior uptake
in novel risk contexts.
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Introduction prevention, where costs associated with such behaviors

Understanding decision-making under risk and uncer-
tainty constitutes a crucial component to predict and
encourage health-related behaviors. Particularly in
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appear earlier than benefits in the cost—benefit profile,
timing is crucial as behavior and behavioral change may
not appear until too late. COVID-19 vaccine is one such
context. Vaccination (including boosters) needs to hap-
pen today to prevent higher likelihood of hospitalization
and even death. It is, therefore, important to under-
stand what factors affect the timing of COVID-19 vac-
cine uptake decisions. Those individuals who continue
to resist or plan to delay vaccination are of key policy
interest. The COVID-19 context is instructive because
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it constitutes a novel risk and understanding about time
preferences for preventative behavior regarding novel
risks is limited.

Subjective judgment about disease risk can impact
decision-making for undertaking a related preventive
action. Such risks are assessed based on various factors,
including actual and perceived susceptibility to infec-
tion and underlying disease severity [1]. Previous studies
have examined how trust in government, health profes-
sionals, friends, and family, social norms, and vaccine
safety concerns affect preventive actions for diseases like
influenza [2, 3]. However, in the case of what was first a
novel health risk like the COVID-19 virus, information
originally was lacking and then developed over time with
lingering uncertainty regarding the disease threat. As a
result, decision-making for preventive action related to a
new health risk may differ from a known and familiar risk
[4]. It is, therefore, important to understand the deter-
minants of timing for preventive behavior uptake in the
context of new and evolving health risks.

In 2020, the COVID-19 pandemic led to unprece-
dented efforts in vaccine development and testing across
the globe. COVID-19 vaccines reduce the risk of hospi-
talization [5] and death due to severe infection [6]. How-
ever, more than a year since vaccines were made widely
available, striking differences in COVID-19 vaccination
rates as well as vaccine hesitancy continue to remain
across the European Union (EU) [7, 8]. Therefore, over-
coming vaccine hesitancy and delay is imperative to
reduce the global spread of COVID-19 as well as hospi-
talizations and deaths.

To this end, we use the case of COVID-19 to under-
stand factors associated with the timing of individu-
als’ preventive behaviors in the face of a novel risk. We
examine delaying or not seeking COVID-19 vaccination
when this vaccination is available. Specifically, we inves-
tigate how key factors that might be expected to impact
COVID-vaccination influence the timing of this preven-
tative behavior decision. We examine how trust in vari-
ous sources of COVID-19 vaccine information, social
norms associated with vaccination, COVID-19 infection
risk understanding, beliefs about COVID-19 vaccine
safety, and local vaccination rates affect the timing of
preferences for COVID-19 vaccination.

Background and conceptual framework

State of the art on COVID-19 vaccination predictors

Since the rollout of COVID-19 vaccines, several stud-
ies have provided evidence for the role of trust, social
norms, risk understanding and beliefs about vaccine
safety in predicting vaccine uptake behavior. Perhaps
one of the most crucial predictors of vaccine uptake
behavior is trust in sources for vaccination information.
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The COVID-19 pandemic has been labeled as ‘pan-
demic of mistrust’ [9], fueled by conflicting public
health recommendations, contrasting political and
scientific opinions about the pandemic and misinfor-
mation regarding vaccine safety. Previous studies have
highlighted how trust in government and other sources
of information for COVID-19 predict vaccine uptake
behavior. Brailovskaia and colleagues (2021) examined
willingness to get vaccinated against COVID-19 in nine
countries, five of which were in the EU (France, Ger-
many, Poland, Spain, and Sweden). Individuals who
obtained COVID-19-related information from news
reports, print media, and official websites were more
likely to get vaccinated against COVID-19, while the
use of social media was associated with vaccine non-
compliance [10]. The authors also found that indi-
viduals who perceived their country’s government as
honest and credible were more likely to get vaccinated.
Another study examining vaccine hesitancy found
similar results for the EU when analyzing the survey
data used in this article, Flash Eurobarometer 494 [11].
Trust in government, the EU, and health professionals
predicted vaccine compliant behavior while trust in the
internet, online social network, and other people pre-
dicted vaccine hesitancy with differences in findings
across the European regions. However, trust in infor-
mation from other people around was no longer sig-
nificant upon controlling for beliefs about vaccines in
general [11].

Concerns about COVID-19 vaccine safety and effec-
tiveness also contribute to vaccination delay and hesi-
tancy. A national survey conducted in the US found
that individuals who believed COVID-19 vaccines were
unsafe were less likely to get vaccinated, despite vac-
cine availability, and more likely to delay vaccination by
four months at the least [12]. Similar results were found
for studies conducted in the EU where concerns about
potential side effects of COVID-19 vaccines [13] and
general mistrust in vaccine safety and effectiveness con-
tributed to COVID-19 vaccination hesitancy in two stud-
ies using the Flash Eurobarometer 494 [11, 14].

Finally, previous studies also demonstrate how social
norms impact decision making for COVID-19 vacci-
nations. Wang and colleagues (2022) conducted a dis-
crete choice experiment to determine factors affecting
parental willingness to get their child vaccinated with
available COVID-19 vaccines. Social acceptability of
vaccines for children, indicated by vaccination cover-
age, had a positive effect on parental vaccine accept-
ability [15]. A study conducted among college students
found similar results wherein perceived social norms
for COVID-19 vaccinations was associated with vac-
cine hesitancy, after accounting for past infection from
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COVID-19, risk understanding, and pandemic related
stress [16]. Studies conducted in EU countries provide
similar support for social norms in predicting COVID-
19 vaccination behaviors [8, 17].

Time preferences for preventive behaviors and COVID-19

Since the availability of COVID-19 vaccines does not
guarantee its uptake, it is crucial to understand the
underlying causes of time preferences for COVID-19
related preventive behaviors and/or vaccine uptake-
specifically related to delay and non-compliance. Pre-
vious research demonstrates the role of distrust in
health authorities, safety concerns, risk perceptions
and social norms in delaying or resisting preventive
actions such as undergoing mammogram screening
and getting vaccinated against HIN1 virus [18-21].
Similar evidence can be found for COVID-19-related
preventive behaviors. Specifically, greater temporal
discounting, i.e., tendency to place greater value in
immediate rewards than future ones, and greater risk
taking has been shown to increase the likelihood of
resisting preventive actions such as mask wearing and
social distancing [22]. Studies also support the role of
trust in authorities, subjective norms, risk perception,
perceived threat, and negative emotions such as worry
in compliance with preventive behaviors (e.g. hand
washing, covering mouth and nose while sneezing,
avoiding close contact and social distancing) [23-25].
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Conceptual framework

Figure 1 depicts the conceptual framework used to
guide our empirical specification for COVID-19 vacci-
nation timing preference. Individuals have a certain set
of endowments that might impact their COVID-19 vac-
cination timing preferences. These include age, gender,
employment, having children at home and rural/urban
residence [26, 27]. Prior beliefs about vaccine safety and
effectiveness in general would also influence response
to a new risk [11, 14] but these beliefs can also be spe-
cific to COVID-19 vaccines as conceptualized here.
These endowments also shape an individual’s settings
and social groups from whom they receive social cues
regarding vaccination. Further, while social norms affect
local vaccination prevalence, the latter, in turn, provides
cues about societal acceptance of vaccines. Social norms
impact vaccination uptake via the bandwagoning effect-
as more people in an individual’s social group become
vaccinated, signaling vaccination as an acceptable behav-
ior, individuals tend to get vaccinated to fit in with their
respective social group [28]. However, the salience of
such social cues varies by the social group used as a ref-
erence (e.g., friends and family vs. coworkers, religious
community) [29].

Endowments also determine an individual’s trust in
different information sources for obtaining COVID-19
vaccination-related information and in turn, this infor-
mation is used to update understanding of vaccine safety.
Trust in COVID-19 vaccination information sources

Local COVID-19
vaccination rates

Social norms
“Eager to get vaccinated if more

Endowments
1. Age
2. Gender
3. Country of residence
4. Education
5. Urban/rural
7. Children in house
8. Prior beliefs about
vaccine safety and
effectiveness in general

Risk understanding
“You can avoid being infected by 1.

COVID-19 without being 2.
vaccinated” ER

people around are doing it”

Timing preference for
COVID-19 vaccination
Never

Delay

As soon as possible
4. Already vaccinated

COVID-19 vaccine safety beliefs
“COVID-19 vaccine is being
developed, tested, and
authorized too quickly to be safe”
“COVID-19 vaccines could have
long term side effects that we do
not know of yet”

Trusted sources for reliable
vaccination information
(government, health and public
authorities, media, etc.)

Fig. 1 Conceptual framework for determinants of COVID-19 vaccination timing preference
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shape vaccine safety beliefs which can impact risk under-
standing about vaccines and COVID-19 vaccination
timing.

Methods

Data

This study uses data from the Flash Eurobarometer Sur-
vey 494 [30], conducted among 26,106 residents of 27
EU countries aged 15 years and older, to collect informa-
tion regarding attitudes towards COVID-19 vaccination.
Flash Eurobarometer surveys are a part of the Euroba-
rometer survey series, conducted on behalf of the Euro-
pean Commission, to collect public opinions on a variety
of topics of importance to public policy in the EU. The
Flash Eurobarometers are small-scale surveys focused
on special topics or target population groups and are
conducted via telephone or online interviewing over a
short period. The Flash Eurobarometer Survey 494 was
conducted through computer-based web interviewing
from May 21-26, 2021, i.e., about five months after the
first COVID-19 vaccine was made available across the
EU [31].

Quota sampling based on age, geographic region, and
gender was used to recruit participants. About 1000
participants were recruited from each country, except
Luxembourg, Cyprus, and Malta (~500 individuals par-
ticipated in the survey in these countries) to obtain a
total sample of 26,106 participants.

We also obtained local COVID-19 vaccination rates
during the survey time period for each EU country
from the Our World in Data dataset [32]. The vaccina-
tion database compiles official data from various sources
such as national governments, health ministries, World
Health Organization, research institutes and online data-
bases. The COVID vaccination rates used in this analysis
were based on individuals receiving at least one dose of a
COVID-19 vaccine. Although most COVID-19 vaccines
in the EU required two doses, we did not exclude individ-
uals who received only the first dose. This is because vac-
cines were authorized only five months prior to the study
period, and it is possible that many people did not receive
the second dose in time. We used the earliest available
vaccination rate for each country in the Eurobarometer
sample from May 21-26, 2021, to match the date range
of the Eurobarometer survey. This dataset was extracted
by our team from Our World in Data on March 17, 2022.

Methods

Studies eliciting time preferences for vaccine uptake
use a number of methods, such as ad-hoc preferences
[33] and choice-based experiments [34, 35]. However,
the use of such elicitation methods to understand tim-
ing preferences is debated in research. For example,
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ad-hoc preferences may not predict actual preferences
reliably because commodities associated (e.g., money)
and discount rates differ from vaccinations [33]. Simi-
larly, attributes assumed to contribute to preferences in
choice-based experiments may differ from attributes
used to make real-life decisions. Our study addresses this
gap in time preference elicitation methods using a survey
question that inquires of EU residents about their timing
preference for COVID-19 vaccination.

The key outcome variable of interest in this study cap-
tures the timing of COVID-19 vaccination behaviors and
plans; “When would you like to get vaccinated against
COVID-19 (coronavirus)?” Possible responses included
“as soon as possible’, “sometime in 2021’, “later’, “never’,
“I have already been vaccinated’, and “don’t know” As our
focus is vaccination timing, we combined responses such
that individuals were said to (1) “delay” their vaccination
if their response was either “sometime in 2021” or “later”,
(2) be “vaccine compliant” if their response was either “as
soon as possible” or “I have already been vaccinated’, (3)
be “vaccine non-compliant” if their response was either
“never” or “don’t know”. Thus, we examined six indicator
outcome variables with the first level given the value of 1
and the latter 0: (1) delay vs. already vaccinated, (2) delay
vs. as soon as possible, (3) delay vs. vaccine compliant, (4)
never vs. delay, (5) don’t know vs. delay, (6) vaccine non-
compliant vs. delay.

Independent variables of interest were obtained from
both the Eurobarometer survey and the Our World in
Data dataset. Local vaccination rates were obtained from
the Our World in Data vaccination database and calcu-
lated from the number of vaccinated individuals and
total population in a country from May 21-26, 2021. If
the number of vaccinated individuals in a country varied
between these days, we used figures for the earliest date
during that period.

The remaining independent variables came from the
Eurobarometer survey. Trust in information sources
was determined from yes/no responses to the question,
“Among the following sources, which ones would you
trust more to give you reliable information on COVID-
19 vaccines?”. Sources included the EU, national govern-
ment, national health authorities, regional or local public
health authorities, health professionals, doctors, nurses,
and pharmacists, media (television, radio, newspapers),
websites, online social networks, people around you (col-
leagues, friends, and family).

Social norms were determined from yes/no responses
to the survey question, “You would be more eager to get
vaccinated against COVID-19 if you see more people
around you doing it”.

Participants also responded to COVID-19-specific
vaccine safety statements, “COVID-19 vaccines are
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being developed, tested, and authorized too quickly to
be safe” and “COVID-19 vaccines could have long term
side effects that we do not know yet” Possible responses
included “totally agree’, “tend to agree’, “totally disagree’,
“tend to disagree’, and “don’t know”.

Participant’s risk understanding was determined from
the statement, “You can avoid being infected by COVID-
19 without being vaccinated” wherein individuals could
respond “totally agree’, “tend to agree’, “totally disagree’,
“tend to disagree’; or “don’t know”. For analysis purposes,
we combined the responses “totally agree” or “tend to
agree” to “agree” and “totally disagree” or “tend to disa-
gree” to “disagree” for the above-mentioned survey ques-
tions. Participant demographics included age, gender, age
when full-time education was stopped, type of commu-
nity of residence, and whether they had any children aged
less than 15 years old in the household.

Analysis
The conceptual framework presented above under-
pins the analytical strategy set forward. All variables in
the conceptual framework are observable except prior
beliefs about vaccine safety and effectiveness in general.
Although prior beliefs are important predictors of vacci-
nation timing preferences, we did not include these vari-
ables in our analysis due to multicollinearity issues. We
used two-sample group proportions tests to determine
differences in vaccination delay by local vaccination rates,
trust in vaccine information sources, social norms, vac-
cine safety, and risk understanding.

We used binomial probit regressions to determine
the probability of delaying or resisting COVID-19
vaccination:
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models were tested for multicollinearity with the require-
ment of variance inflation factors (VIF) less than 10.
Regression results are reported using average marginal
effects (AME).

Results

Descriptive statistics

Descriptive statistics appear in Table 1. Participants
(n=26,106) were primarily aged between 25 to 39 years
(6,803, 26.1%) or 50 to 64 (6,558, 25.1%), female
(13,471, 51.6%), at least 20 years old (12,119, 46.4%) or
16-19 years old (7,962, 30.5%) when their full-time edu-
cation stopped, lived in a town or city (19,589, 75.0%),
and did not have a child in their household (17,046,
65.3%). On average, the local vaccination rate (in percent-
age) across all countries was 34.4 =+ 8.62 with a range of
11-58%.

At the time of the survey, 9,063 (34.7%) participants
were vaccinated, and 7,114 (27.3%) participants wanted
to get vaccinated as soon as possible. 5,168 (19.8%) par-
ticipants wanted to delay vaccination, and 2,962 (11.3%)
participants did not want to get vaccinated.

The most trusted source of information on COVID-
19 vaccines was health professionals, doctors, nurses,
and pharmacists (15,818, 60.6%), followed by national
health authorities (11,442, 43.8%) and then the EU (5,999,
23.0%). Most participants expressed that they would
not be more eager to get vaccinated against COVID-19
if they saw others doing so (22,377, 85.7%). Related to
COVID-19 vaccine safety beliefs, most participants had
safety concerns due to rapid development, testing, and
authorization of the vaccines (14,377, 54.9%) or possible
long-term side effects from vaccination (16,817, 64.4%).

Y = B1VAXRATE;+ By TRUST; + B3SOCIAL; + BoSAFETY; + B5RISK; 4 B¢ DEM; +€;

We examined the six outcomes described earlier. Model
specifications remained the same for each set of binary
outcomes. Independent variables included local vaccina-
tion rate (VAXRATE,), a vector representing trust in pub-
lic and health entities (TRUST;), social norms (SOCIAL;),
a vector representing participants’ responses to the two
COVID-19 vaccination safety questions (SAFETY;), par-
ticipants’ risk understanding associated with COVID-
19 vaccination (RISK;) and participant demographics
(DEM;). Standard errors are robust and clustered based
on country of residence. Clustering by country accounts
for heteroskedasticity in the error term by participants
in individual countries having related responses to ques-
tions in ways not captured by this study’s explanatory and
control variables and thereby overstating error terms. All

Participants also were more likely to agree (12,486,
47.8%) that they could avoid COVID-19 infection with-
out vaccination than disagree.

Two-sample group proportions test

Table 2 depicts two-sample proportions test examining
differences in vaccination delay by local vaccination rates,
trust in public and health entities, and social norms.
Compared to participants who were already vaccinated,
the proportion of participants delaying vaccination was
significantly greater in countries with local vaccination
rates less than 30% (p=0.000), among those who did not
trust the EU (p=0.000), national government (p =0.000),
national health authorities (p=0.000), local and regional
public authorities (p=0.003), or health profession-
als, doctors, nurses, and pharmacists (p=0.000), those
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Table 1 Descriptive statistics for dependent and independent variables (N=26,106)

VARIABLES n Mean Std. Dev Range®
Dependent variable
When would you like to get vaccinated against COVID-19 (coronavirus)?
As soon as possible 7114 0.273 0.445
Delay 5168 0.198 0.398
Never 2,962 0113 0317
I have already been vaccinated 9,063 0.347 0476
Don't know 1,460 0.056 0.230
Prefer not to answer 339 0.013 0.113
Independent variables
Local vaccination rates (in percem)b 27 344 862 11.0-58.0

Trust in public and health entities
Among all the following sources, which ones would you trust more to give you reliable information on COVID-19 vaccines?

European Union 5,999 0.230 0421
National government 4,763 0.182 0.386
National health authorities 11,442 0.438 0.496
Local and regional public authorities 3,266 0.125 0.331
Health professionals, doctors, nurses, and pharmacists 15,818 0.606 0.489
Media (television, radio, newspapers) 2,815 0.108 0310
Websites 2,080 0.080 0.271
Online social networks 1,483 0.057 0.231
People around you (colleagues, friends, and family) 4,049 0.155 0.362
Social norm

You would be more eager to get vaccinated against COVID-19 if you see more people around you doing it
Yes 3,729 0.143 0350
No 22,377 0.857 0.350
Vaccine safety
To what extent do you agree or disagree with each of the following statements?
COVID-19 vaccines are being developed, tested, and authorized too quickly to be safe

Totally agree/tend to agree 14,337 0.549 0.498

Totally disagree/tend to disagree 9,744 0373 0484

Don't know 2,025 0.078 0.267
COVID-19 vaccines may have long term side effects that we do not know yet

Totally agree/tend to agree 16,817 0.644 0479

Totally disagree/tend to disagree 5975 0.229 0420

Don't know 3314 0.127 0333
Risk understanding

To what extent do you agree or disagree with each of the following statements?
You can avoid being infected by COVID-19 without being vaccinated

Totally agree/tend to agree 12,486 0478 0.500
Totally disagree/tend to disagree 11,181 0428 0.495
Don't know 2439 0.093 0.291

Demographics
Age (in years)

1510 24 3,597 0.138 0.345
251039 6,803 0.261 0439
4010 49 4,641 0.178 0.382
50to 64 6,558 0.251 0434

65 and above 4507 0.173 0.378
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Table 1 (continued)
VARIABLES n Mean Std. Dev Range®
Gender
Male 12,549 0481 0.500
Female 13,471 0516 0.500
In another way 64 0.002 0.049
Prefer not to answer 22 0.001 0.029
Age when full time education was stopped
Up to 15 years 809 0.031 0.173
16 to 19 years 7,962 0.305 0.460
20 years or older 12,119 0.464 0.499
Stillin full time education 2,952 0.113 0317
Never been in full time education 639 0.024 0.155
Don't know 1,184 0.045 0.208
Refusal 441 0.017 0.129
Type of community
Rural area or village 6,517 0.250 0433
Town/city 19,589 0.750 0433
Children in house
Yes 7433 0.285 0451
No 17,046 0.653 0476
Don't know 534 0.020 0.142
Refusal 1,093 0.042 0.200

2 Range provided only for continuous variables

b Statistics for local vaccination rates are calculated at country-level and not for each individual

who trusted websites (p=0.000), online social networks
(»=0.000), or people around them (p=0.000), and those
who were eager to get vaccinated if more people around
them were getting vaccinated (p =0.000).

Results were similar when comparing the proportion of
participants delaying vaccination and those who wanted to
get vaccinated as soon as possible, except for social norms
and trust in websites not being important and trust in media
being important. The proportion of participants delaying vac-
cination was greater among those who did not trust media
(»=0.000) for receiving COVID-19 vaccine information.
However, there were no significant differences in the propor-
tion of participants delaying vaccination between those who
did and did not trust websites for obtaining COVID-19 vac-
cination information (z=-1.95, p=0.052) and between those
who were eager to get vaccinated and those who were not, if
others were getting vaccinated (z=0.386, p=0.699).

However, compared to participants who never
wanted to get vaccinated, the proportion of partici-
pants who wanted to delay vaccination was smaller
in countries with local vaccination rate less than 30%
(»p=0.001), among those who did not trust the EU
(»p=0.000), national government (p=0.000), health
authorities (»p =0.000), local and regional public author-
ities (p=0.000), health professionals, doctors, nurses,

and pharmacists (p=0.000), media (p=0.000), people
around them (p=0.000), and those who trusted web-
sites (»=0.032), and online social networks (p=0.011),
and those who were not eager to get vaccinated if more
people around them were doing it (p =0.000).

Table 3 compares differences in proportion of par-
ticipants delaying vaccination by vaccine safety beliefs
and risk understanding. Compared to participants
who were already vaccinated or who wanted to get
vaccinated as soon as possible, the proportion of par-
ticipants delaying vaccination was greater among those
who agreed that vaccines were being developed, tested
and authorized too quickly to be safe (p=0.000), who
agreed that vaccines may have long term side effects
(p=0.000), and those who believed that they can
avoid being infected without COVID-19 vaccination
(p=0.000). However, when comparing participants
who did not want to get vaccinated, the proportion
of those who wanted to delay vaccination was lower
among those who agreed that vaccines were being
developed, tested and authorized too quickly to be safe
(p=0.000), who agreed that vaccines may have long
term side effects (p=0.000), and those who believed
that they can avoid being infected without COVID-19
vaccination (p =0.000).
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Table 2 Proportion of participants delaying COVID-19 vaccination by local vaccination rates and trust in information sources

Group 1 Group 2 z p-value
N Mean (Std. Dev.) N Mean (Std. Dev.)
Local vaccination rates
Vaccination rate <30% Vaccination rate >30%
Delay vs. already vaccinated 2337 0495 (0.500) 11894 0.337 (0473) -14.5 0.000
Delay vs. as soon as pos- 1747 0.662 (0.473) 10535 0.381 (0.486) -22.0 0.000
sible
Delay vs. never 1917 0.603 (0.489) 6213 0.646 (0.478) 340 0.001
Trust in public, health, and social entities for giving reliable COVID-19 vaccine information
Trust in European Union No trust in European Union
Delay vs. already vaccinated 3480 0.318 (0.466) 10751 0.378(0.485) 644  0.000
Delay vs. as soon as pos- 3208 0.344 (0.475) 9074 0.448 (0.497) 10.2  0.000
sible
Delay vs. never 1301 0.849 (0.358) 6829 0.595 (0.491) -17.5 0.000
Trust in national government No trust in national government
Delay vs. already vaccinated 2643 0.296 (0.457) 11588 0.378 (0.485) 793  0.000
Delay vs. as soon as pos- 2606 0.300 (0.459) 9676 0453 (0.498) 14.0  0.000
sible
Delay vs. never 925 0.846 (0.361) 7205 0.609 (0.488) -14.2° 0.000
Trust in national health authorities No trust in national health authorities
Delay vs. already vaccinated 6824 0.280 (0.449) 7407 0.439 (0.496) 19.7  0.000
Delay vs. as soon as pos- 5779 0.331(0471) 6503 0.501 (0.500) 19.0 0.000
sible
Delay vs. never 2242 0.853 (0.354) 5888 0.553 (0.497) -25.2 0.000
Trust in local and regional public authorities No trust in local and regional public authorities
Delay vs. already vaccinated 1769 0.332(0471) 12,462 0.368 (0.482) 293  0.003
Delay vs. as soon as pos- 1879 0312 (0.464) 10,403 0.440 (0.496) 103 0.000
sible
Delay vs. never 696 0.843 (0.364) 7434 0.616 (0.486) -11.9  0.000
Trust in health professionals, doctors, nurses, No trust in health professionals, doctors, nurses,
and pharmacists and pharmacists
Delay vs. already vaccinated 9407 0.313 (0.464) 4824 0.461 (0.499) 174 0.000
Delay vs. as soon as pos- 7645 0.385 (0.487) 4637 0.480 (0.500) 10.3  0.000
sible
Delay vs. never 3850 0.765 (0.424) 4280 0.520 (0.500) -229 0.000
Trust in media No trust in media
Delay vs. already vaccinated 1517 0.384 (0.487) 12,714 0.361 (0.480) -1.81 0.070
Delay vs. as soon as pos- 1583 0.368 (0.482) 10,699 0429 (0.495) 453 0.000
sible
Delay vs. never 752 0.775(0418) 7378 0.621 (0.485) -8.35 0.000
Trust in websites No trust in websites
Delay vs. already vaccinated 1014 0.475 (0.500) 13,217 0.354(0.478) -7.71 0.000
Delay vs. as soon as pos- 1074 0.449 (0.498) 11,208 0418 (0.493) -195 0.052
sible
Delay vs. never 802 0.601 (0.490) 7328 0.639 (0.480) 2.15 0032
Trust in online social networks No trust in online social networks
Delay vs. already vaccinated 701 0.572 (0.495) 13,530 0.352(0.478) -11.8  0.000
Delay vs. as soon as pos- 793 0.506 (0.500) 11,489 0415 (0.493) -5.01 0.000
sible
Delay vs. never 679 0.591 (0.492) 7451 0.640 (0.480) 255 0011
Trust in people around you No trust in people around you
Delay vs. already vaccinated 2116 0.518 (0.500) 12,115 0.336 (0.472) -16.0 0.000
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Table 2 (continued)
Group 1 Group 2 z p-value
N Mean (Std. Dev.) N Mean (Std. Dev.)
Delay vs. as soon as pos- 2186 0.501 (0.500) 10,096 0403 (0.491) -842 0.000
sible
Delay vs. never 1599 0.685 (0.464) 6531 0.623 (0.485) -461 0.000
Social norms- you would be more eager to get vaccinated if you see more people around you doing it
Yes No
Delay vs. already vaccinated 2171 0.433 (0.496) 12,060 0.351(0477) -7.30 0.000
Delay vs. as soon as pos- 2251 0.417 (0.493) 10,031 0.422 (0.494) 0.386 0.699
sible
Delay vs. never 1027 0.914 (0.280) 7103 0.595 (0.491) -19.9 0.000
Table 3 Proportion of participants delaying COVID-19 vaccination by vaccine safety and risk understanding
Variables Group 1 Group 2 z p-value
N Mean (Std. Dev.) N Mean (Std. Dev.)
Vaccine safety- COVID-19 vaccines are being developed, tested, and authorized too quickly to be safe
Agree/tend to agree Disagree/tend to disagree
Delay vs. already vaccinated 7286 0.507 (0.500) 5762 0.203 (0.403) -356  0.000
Delay vs. as soon as possible 6948 0.532(0.499) 4463 0.263 (0.440) -28.4 0.000
Delay vs. never 6175 0.598 (0.490) 1573 0.745 (0.436) 10.8 0.000
Vaccine safety- COVID-19 vaccines may have long term side effects that we do not know of yet
Agree/tend to agree Disagree/tend to disagree
Delay vs. already vaccinated 8621 0462 (0.499) 3571 0.222 (0.416) -248  0.000
Delay vs. as soon as possible 8096 0.492 (0.500) 2814 0.281 (0.450) -194 0.000
Delay vs. never 6636 0.601 (0.490) 1016 0.780 (0.415) 11.0 0.000
Risk understanding- you can avoid being infected by COVID-19 without getting vaccinated
Agree/tend to agree Disagree/tend to disagree
Delay vs. already vaccinated 5918 0.535(0.499) 6945 0.219(0414) -37.1 0.000
Delay vs. as soon as possible 6204 0.510 (0.500) 5003 0.304 (0.460) -22.0 0.000
Delay vs. never 5519 0.573 (0.495) 1960 0.777 (0417) 16.0 0.000

Multivariate analysis

Table 4 presents the results from probit regressions and
the average marginal effects of each independent vari-
able on the outcomes. Marginal effects describe how
a unit change in an independent variable is associated
with change in the probability of early timing prefer-
ences for COVID-19 vaccination to delaying or resist-
ing vaccination. Models 1-3 provide the results for
COVID-19 vaccination delay versus already vaccinated
(1), getting vaccinated as soon as possible (2), and vac-
cination compliance (3). Similarly, Models 4—6 describe
the results for those who resist vaccination (4), who
don’t know when they would get vaccinated (5), or are
vaccine non-compliant (6), respectively, vs. those who
want to delay COVID-19 vaccination. Results from
Table 4 are explained below:

Effect of local vaccination rates

Results in Table 4 indicate that greater local vaccina-
tion rates decreased the probability of delaying vaccina-
tion. Compared to countries with vaccination rates less
than 30%, individuals residing in countries with vacci-
nation rates between 30 to 40% were less likely to delay
vaccination. The decrease in probability of vaccination
delay with greater local vaccination rates was signifi-
cant versus the timing preference of ‘as soon as possible’
(AME=-0.222, p=0.000) and versus vaccination com-
pliance (AME=-0.111, p=0.005). Similarly, individuals
residing in countries with local vaccination rates greater
than 40% were less likely to delay vaccination versus be
vaccine compliant (AME =-0.142, p=0.023) (Model 5).



Gupta and Rudisill Health Economics Review (2024) 14:16 Page 10 of 16

Table 4 Probit regression with average marginal effects (AME) for COVID-19 vaccination timing preference

(1) (2) (3) (4) (5) (6)
VARIABLES Delay vs. Already Delay vs. As Delay vs. Already +As Nevervs.Delay  Don't know vs. Delay Never + Don’t
soon as possible soon as possible know vs. Delay
AME (Std. Err.) AME (Std. Err.) AME (Std. Err.) AME (Std. Err.) AME (Std. Err.) AME (Std. Err.)

Local vaccination rates (ref. = less than 30%)

30 to 40% -0.058 -0.222%* 0111 -0.037 0.005 -0.026
(0.055) (0.041) (0.040) (0.028) (0.022) (0.027)
40% or more -0.187 -0.101 -0.142% -0.029 0.030 -0.004
(0.096) (0.054) (0.063) (0.062) (0.030) (0.054)

Trust in sources for reliable COVID-19 vaccines information

Among all the following sources, which ones would you trust more to give you reliable information on COVID-19 vaccines?

European Union -0.038** -0.039** -0.034** -0.145** -0.060** -0.128**
(0.012) (0.011) (0.007) (0.014) (0.014) (0.016)
National government -0.012 -0.059** -0.030** -0.084** -0.033 -0.063**
(0.013) (0.017) 0.011) (0.023) (0.018) (0.021)
National health authorities -0.037** -0.062%* -0.039** -0.177%* -0.044** -0.139**
(0.010) (0.011) (0.007) 0.011) 0.011) (0.012)
Local and regional public 0.004 -0.039** -0.014 -0.074** -0.040 -0.066**
authorities (0.017) (0.014) (0.011) (0.029) (0.023) (0.025)
Health professionals, doctors, -0.045% -0.030* -0.030** -0.160** -0.048** -0.137%
nurses, and pharmacists (0.007) 0012) (0.007) (0.012) (0.011) 0012)
Media (television, radio, 0.017 -0.029* -0.006 -0.048** -0.020 -0.043*
newspapers) 0011) 0012) (0.007) 0.017) (0.016) 0017)
Websites 0.009 0.004 0.004 0.034 0.014 0.040*
(0.018) (0.018) (0.012) (0.020) (0.014) (0.016)
Online social networks 0.042%* 0017 0.023* 0.056* -0.029 0.035
(0.014) (0.017) (0.011) (0.022) (0.017) (0.021)
People around you (colleagues, =~ 0.043** 0.034* 0.035** -0.048** -0.001 -0.033*
friends, and family) 0013) 0.014) (0.008) (0.015) (0.014) 0014)
Social norm

You would be more eager to get vaccinated against COVID-19 if you see more people around you doing it. (ref.=no)
Yes 0.037** 0.002 0.016 -0.256** -0.083** -0.208**
(0.013) (0.014) (0.009) (0.025) (0.017) (0.019)
Vaccine safety
To what extent do you agree or disagree with each of the following statements?
COVID-19 vaccines are being developed, tested, and authorized too quickly to be safe. (ref. = totally disagree/tend to disagree)

Totally agree/tend to agree 0.143** 0.151% 0.119** 0.032 0.013 0.031*
(0.009) 0.011) (0.008) (0.018) (0.013) (0.015)
Don't know 0.040%* 0.053** 0.036** -0.042 0.074** 0.034
(0.013) (0.017) 0.011) (0.025) (0.029) (0.026)
COVID-19 vaccines could have long term side effects that we do not know yet. (ref. = totally disagree/tend to disagree)
Totally agree/tend to agree 0.090** 0.097** 0.076** 0.083** 0.065** 0.100**
0.011) (0.010) (0.008) (0.022) (0.017) (0.021)
Don't know -0.024 -0.016 -0.018 -0.044 0.086** 0.049
(0.012) (0.015) (0.010) (0.025) (0.028) (0.029)
Risk understanding

To what extent do you agree or disagree with each of the following statements?
You can avoid being infected by COVID-19 without being vaccinated. (ref. =totally disagree/tend to disagree)

Totally agree/tend to agree 0.127** 0.1171** 0.098** 0.128** 0.068** 0.127**
(0.009) (0.014) (0.010) (0.013) 0.011) (0.011)
Don't know 0.093** 0.103** 0.079** -0.003 0.140** 0.092**

(0.013) 0.012) (0.008) (0.025) (0.016) (0.020)
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Table 4 (continued)

(1) (2) (3) (4) (5) (6)
VARIABLES Delay vs. Already Delay vs. As Delay vs. Already +As  Never vs. Delay Don't know vs. Delay Never + Don't
soon as possible soon as possible know vs. Delay
AME (Std. Err.) AME (Std. Err.) AME (Std. Err.) AME (Std. Err.) AME (Std. Err.) AME (Std. Err.)
Demographics
Age (ref.=15-24 years)
25-39 years -0.115%* -0.037* -0.051** -0.002 -0.011 -0.003
(0.018) (0.017) (0.012) (0.020) (0.015) (0.020)
40-49 years -0.223** -0.097** -0.117%* -0.021 -0.020 -0.019
(0.019) (0.020) (0.014) (0.019) (0.022) (0.022)
50-64 years -0.328** -0.115%* -0.177** 0.004 -0.025 -0.005
(0.024) (0.024) (0.016) (0.027) (0.019) (0.025)
65 years and above -0447% -0.120** -0.258** -0.004 -0.039 -0.018
(0.031) (0.031) 0.021) (0.029) (0.025) (0.027)
Gender (ref.=female)
Male 0014 -0.019 -0.001 -0.017 -0.046** -0.033**
(0.008) (0.012) (0.007) (0.010) 0.011) (0.011)
In another way 0.091 0.068 0.071 -0.049 -0.060 -0.072
(0.100) (0.073) (0.061) (0.100) (0.101) 0.113)
Prefer not to answer -0.024 -0.092 -0.059 -0.007 0.189 0.134
(0.163) (0.123) (0.091) (0.164) (0.100) (0.105)
Age when full time education was stopped (ref.= 20 years or older)
Upto 15 years 0.001 0016 0.010 0.056 0.064 0.072
(0.023) (0.027) (0.019) (0.042) (0.036) (0.040)
16-19 years 0013 0.022 0014 0.037** 0.039** 0.045**
0.011) (0.013) (0.008) (0.012) (0.012) (0.013)
Still in full time education 0.009 -0.029 -0.013 0.008 0.039* 0.035*
(0.021) (0.019) 0.014) (0.020) (0.019) (0.016)
Never been in full time educa- ~ 0.075** 0.077** 0.064** -0.003 -0.027 -0.016
tion (0.026) (0.028) (0.020) (0033) (0.041) (0.031)
Don't know 0.009 0.004 0.006 0.070** 0.124** 0.115**
0.019) (0.024) 0.015) (0.020) (0.027) (0.027)
Refusal 0.008 0.000 0.002 0.120** 0.077* 0.120%*
(0.031) (0.057) (0.032) (0.030) (0.035) (0.029)
Type of community (ref. =town/city)
Rural -0.011 0.001 -0.005 0.053** 0.010 0.040**
0.011) (0.015) (0.009) (0.013) (0.013) (0.014)
Children in house (ref.=no)
Yes 0.033** 0.005 0.015* -0.005 -0.009 -0.009
0.011) (0.009) (0.007) 0.012) 0.011) 0.012)
Don't know 0.149%* 0.067* 0.077** 0.007 -0.027 -0.011
(0.034) (0.034) (0.026) (0.036) (0.023) (0.033)
Refusal 0.043** 0.036 0.032* 0.034 0.033 0.041
(0.016) (0.025) (0.015) (0.024) (0.029) (0.023)
Observations 14,231 12,282 21,345 8,130 6,628 9,590
Pseudo R? 0.285 0.124 0.168 0.181 0.061 0.119
Log pseudolikelihood -6663.08 -7326.20 -9828.79 -4369.42 -3282.06 -5829.99

Estimates are average marginal effects (AME). Standard errors in parentheses
"p<0.01
"p<0.05
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Effect of trust in sources for reliable COVID-19 vaccines
information

Across all models, individuals who trusted the EU,
national government, national health authorities, local
and regional public authorities, health professionals, doc-
tors, nurses, pharmacists, and media had a lower prob-
ability of delaying or resisting vaccination. Individuals
who trusted websites for obtaining COVID-19 vaccina-
tion information were 3.96% more likely to be vaccine
non-compliant (i.e., refuse to get vaccinated or don't
know when they would get vaccinated) than delay vac-
cination. Similarly, those who trusted online social net-
works and people around them were more likely to delay
vaccination. Individuals who trusted people around them
were 4.84% less likely to never get vaccinated versus delay
and 3.32% less likely to not comply with vaccination
(never +don’t know) versus delay.

Effect of social norms

Individuals who were eager to get vaccinated if they
saw more people around them getting vaccinated were
3.74% more likely to delay vaccination than have already
received vaccination. Further, those who were eager to
get vaccinated if people around them were getting vac-
cinated were more likely to delay vaccination than resist
or not comply with it (columns 4 to 6). Further illustra-
tion of the impact of social norms on COVID-19 vacci-
nation timing appears in Figs. 1-4 in Online Resource 1.
These figures show how vaccination timing preferences
are related to mean social norms responses at the coun-
try level and vaccination rates by country.

Effect of beliefs about vaccine safety

Concerns about vaccine safety played a significant role
in determining the timing preference for COVID-19 vac-
cination. Individuals who agreed that the vaccines were
being developed, tested, and authorized too quickly to be
safe were more likely to delay vaccination than get vac-
cinated sooner. Further, those who agreed that vaccines
were being developed, tested, and authorized too quickly
were 3.09% more likely to never get vaccinated than delay
vaccination or not know when they would get vaccinated.
Individuals who agreed that vaccines may have long term
side effects were more likely to delay vaccination than
get vaccinated sooner and more likely to never get vac-
cinated than delay.

Effect of risk understanding

Compared to those who disagreed, individuals who
agreed that they can avoid being infected from COVID-
19 without being vaccinated had greater probability of
delaying vaccination (vs. getting vaccinated sooner) or
never getting vaccinated (vs. delaying vaccination).
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Demographics

Age, gender, education, community type, and presence of
children in house had significant association with proba-
bility of vaccination delay. Age was associated with lower
probability of delaying vaccination. Compared to those
aged between 15-24 years, participants aged 25—39 years
were 3.7% less likely to delay vaccination than get vacci-
nated as soon as possible. The probability of delay in vac-
cination declined further with age and was robust across
all models. Further, compared to female participants,
male participants were 4.62% less likely to not know
when they would get vaccinated and 3.34% less likely to
be vaccine non-compliant. Regarding education level,
compared to individuals who were 20 years old, those
who were 16-19 years old when their full-time educa-
tion stopped were 3.69% more likely to never get vacci-
nated, 3.87% more likely to not know when they planned
to get vaccinated, and 4.53% more likely to be vaccine
non-compliant. Similarly, those who never had full-time
education were more likely to delay vaccination. Further,
participants who lived in rural communities than towns/
cities were 5.30% more likely to never get vaccinated and
4.00% more likely to be vaccine non-compliant. Finally,
presence of children in the house increased the probabil-
ity of delaying vaccination (vs. being already vaccinated)
by 3.34%.

Sensitivity analyses
We also conducted sensitivity analyses to determine
the probability of getting vaccinated as soon as pos-
sible (vs. already vaccinated) and the probability of get-
ting vaccinated later (vs. in 2021) (Online Resource 2).
Results indicated that individuals residing in countries
with vaccination rates between 30 to 40% were more
likely to get vaccinated as soon as possible (vs. already
vaccinated) than those in countries with lower vaccina-
tion rates. Further, those who trusted national govern-
ment had greater likelihood of getting vaccinated soon
(AME=0.036, p=0.006) but less likely to delay it beyond
2021 (AME=-0.069, p=0.003). The finding regarding the
desire to get vaccinated as soon as possible contrasts with
our earlier findings indicating lower vaccination rates
and distrust in national government to be associated with
delay in vaccination timing. A possible explanation for
these results is that greater local vaccination rates and
trust in government may increase individual’s willingness
to get vaccinated but there is a delay in immediate action’
(i.e., actual vaccination uptake) due to factors such as
vaccine availability and timing of COVID-19 infections.
Further, we also found that individuals who trusted
health professionals were 2.7% less likely to get vacci-
nated soon (vs. already vaccinated) and 4.5% less likely
to get vaccinated later (vs. in 2021). Similarly, those
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who trusted public authorities and media were 5.1% and
3.3%, respectively, more likely to get vaccinated as soon
as possible. Getting vaccinated later than 2021 was also
associated with lower probability of trust in national
health authorities (AME=-0.107, p=0.000) but greater
probability of trust in colleagues, friends, and family
(AME=0.030, p=0.023). Further, individuals who saw
other people around them getting vaccinated had greater
likelihood of getting vaccinated soon (AME=0.044,
p=0.002) and were less likely to delay it later than 2021
(AME=-0.119, p=0.000). Individuals who believed that
vaccines were not safe and had long term side effects
were more likely to get vaccinated soon (vs. already vac-
cinated) or later (vs. in 2021). These individuals also
believed that they could avoid getting infected without
being vaccinated. The above findings are consistent with
our previous results.

Discussion
This study aims to understand the determinants of
COVID-19 vaccination timing using a large EU-wide
survey conducted when COVID-19 vaccines were widely
available. We focus our analysis on those who delay vac-
cination versus vaccinating immediately or as soon as
possible upon vaccine availability. Our study is distin-
guished from those examining COVID-19 vaccine hesi-
tancy [8, 10-17] and analyzing factors associated with
COVID-19 vaccination decisions because of our focus on
COVID-19 vaccination timing and specifically delay in
COVID-19 vaccination. The survey data used allows for
assessment of different levels or severities of delay (later
vs sometime in 2021 and as soon as possible vs already
vaccinated). The COVID-19 vaccination decision pro-
vides an exemplar context where individuals are making a
preventive decision regarding a novel health risk and thus
provides insight into the drivers of time preferences in
such a context. We test the hypothesis that trust in infor-
mation sources, local vaccination rates, social norms, risk
understanding and beliefs about vaccine safety may all
play a role in timing preferences for COVID-19 vaccina-
tion. We take advantage of the wording of the COVID-19
vaccination question in the survey to delineate the people
who delay vaccination versus those who have no plans to
vaccinate or those who already have, which are the tradi-
tional groups of analysis. This population has not made
up their mind enough to say ‘no’ but also not felt com-
pelled to say ‘yes’ This illustration of time preferences
presents a unique setting to understand preventive deci-
sion-making in the face of a novel risk where individuals’
stock of information and experiences about the virus has
increased over time.

The negative relationship between likelihood of
COVID-19 vaccination delay, local vaccination rates
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and social norms demonstrates the role social environ-
ment plays in impacting vaccination decisions. While
the sample population overwhelmingly stated that
social norms (whether other people’s decision influ-
enced their vaccination decision) would not impact
their COVID-19 vaccination decision, we find evidence
that it does indeed predict vaccination timing prefer-
ences. Specifically, we observe the association between
social norms and resisting or not complying with
COVID-19 vaccinations. Similar to our study, Algan
et al. (2021) also found low compliance for COVID-19
restrictions in countries like Sweden where social trust
was high, possibly resulting from the belief that oth-
ers would comply with restrictions [36]. Sweden’s less
restrictive lockdown policy during the initial pandemic
wave may have shaped social norms among residents,
resulting in fewer individuals working from home,
avoiding contact with others and avoiding public trans-
port compared to residents in analogous countries [37].
Although we expect greater vaccination compliance
signaled by social norms, studies have shown that free
riding behavior can reduce such bandwagoning effects
from social norms [28]. Preference to free ride by delay-
ing own vaccination and attaining benefits from oth-
ers getting vaccinated (e.g., through herd immunity)
has been observed in previous studies [38]. Moreover,
with a new health risk, individuals also have limited
information about the vaccine side-effects and there-
fore, prefer to “wait and see” and then reassess their
own cost and benefits associated with vaccination [35,
39]. Given rates of concerns about vaccine safety in our
sample, it is a possibility that such a process is occur-
ring in this sample.

We also found that individuals who believe that vac-
cines were not safe were more likely to delay vaccina-
tion or resist vaccination. Existing studies have provided
similar evidence about the association between vaccine
safety perceptions and vaccination uptake for diseases
such as influenza [40] and the HIN1 flu [41]. Moreover,
concerns about vaccine safety and effectiveness in gen-
eral have been found to be associated with COVID-19
vaccine hesitancy [11] and COVID-19 vaccination [14] in
the sample studied here. Perceptions about vaccine safety
impact risk appraisal such that in case of safety concerns,
risks associated with vaccination outweighs its benefits.
Previous studies have shown that for new health risks,
perceived risk is greater than known risk and individu-
als are more likely to adopt avoidance behavior [42]. In
case of COVID-19, the novelty of the disease and the
unprecedented rate at which the vaccines were developed
may have contributed to the overestimation of perceived
risk from vaccination and therefore, greater likelihood of
delaying vaccination.
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Our study’s findings also suggest greater likelihood of
delaying vaccination among those who believe they can
avoid COVID-19 infection without vaccinations. Per-
ceived susceptibility to a disease, defined as beliefs about
probability of getting infected from a disease, has been
theoretically linked to vaccine uptake behavior. Studies
have shown that with lower perceived susceptibility to
disease, individuals perceive the threat of disease and/or
its symptoms to be low and therefore, avoid getting vac-
cinated. However, with new health risks, such as COVID-
19, there is mixed evidence for the relationship between
perceived susceptibility to the disease and vaccine uptake
[43]. To this end, our study adds to the growing evidence
regarding perceived susceptibility to a disease and vac-
cine uptake behavior.

Finally, we also find that the likelihood of vaccination
delay varied based on sources trusted for information
about COVID-19 vaccines. Specifically, individuals
were more likely to be vaccine compliant (i.e., not delay
vaccination) if they trusted health and public institu-
tions and traditional media sources and less likely to
be vaccine compliant (i.e., delay vaccination) if they
trusted online social networks, colleagues, friends, and
family. These results are largely consistent with existing
analysis of this dataset focusing on vaccine hesitancy
with some notable exceptions [11]. We see no relation-
ship between trust in websites and vaccine delay as was
seen with vaccine hesitancy. In addition, we observe
a robust positive association between trusting col-
leagues, friends and family and vaccine delay, which
was not observed for vaccine hesitancy. In case of a
novel risk like COVID-19, where knowledge pertain-
ing to efficacy of preventive action was continuously
being produced and happening in real time, individuals
seek information from various sources. However, the
salience of such information in promoting vaccination
varies between different sources and prevalence of dif-
ferent information types. For example, on the one hand,
individuals often seek vaccine safety and effectiveness
information from credible sources such as health and
public authorities and media where information is
regulated and presented strategically to promote pre-
ventive behaviors. On the other hand, individuals are
more likely to uptake narrative health information than
scientific information via online social networks [44,
45] and others including their colleagues, friends, and
family to determine perceived risk. Further, informa-
tion shared via such sources is often difficult to moni-
tor and interpret for credibility leading to a greater
prevalence of misinformation and information overload
which affects perceived risk [46] and preventive behav-
ior adoption. Nevertheless, our findings suggest that
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social media can be augmented to disseminate informa-
tion in a narrative format by a credible and/or relatable
individual, potentially improving vaccination uptake.
Notably, such health communication strategies have
previously been used to promote positive discourse
regarding human papillomavirus vaccination [47]. Tai-
loring public health messages to specific demographics
and communities [48] and utilizing media messaging
tailored to specific population groups has also shown
potential to improve influenza vaccination uptake [49].
Our study has some limitations. First, we are not able
to make causal inferences between timing of vaccine
uptake behavior and the explanatory factors examined
here. The data used in this study is cross-sectional in
nature and thus does not capture how people acquire
information over time and update risk understanding
and other features found important to decision-making
at this moment in time when surveyed. Future stud-
ies should examine temporal effects of these factors
on vaccination behavior, especially since vaccination
preferences are known to change over time [50]. Sec-
ond, we found that except for model 5, all specifications
had omitted variable bias. This is likely due to omis-
sion of unobserved factors that influence timing of vac-
cination directly or via covariates in our specification
(e.g., personal experience with COVID-19, employ-
ment type). Country-related factors such as vaccine
roll-out strategies and information campaigns would
be expected to be captured via clustering observations
by country of residence. We anticipated that important
predictors of vaccination behavior timing such as opin-
ions about vaccine safety and effectiveness in general
would be a source of omitted variable bias but correla-
tion values with vaccine timing were very low in pre-
liminary descriptive analysis (correlation range: 0.064
>r > 0.174, p<0.01, see Online Resource 3 for further
details). These variables were excluded from our models
due to multicollinearity issues. Third, we used binomial
regression models because we were unable to compare
all vaccination timing preferences simultaneously. We
found that multinomial vaccination timing preferences
model violated the independence of irrelevant alterna-
tives assumption, i.e., individuals perceived vaccina-
tion timing choices to be very similar. Although using
binomial models reduced our sample size for each indi-
vidual model, the sample size of our study was large, so
the models still have large enough sample for obtaining
conclusive results across covariates. Fourth, since vac-
cination timing preferences were self-reported, par-
ticipant responses may have a social-desirability bias.
Relatedly, actual vaccination outcome may differ from
vaccination timing preferences reported in the study.
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Conclusion

Our study offers some important findings and policy
implications for communications and expectations about
preventive behavior regarding health risks. Our find-
ings suggests that in the case of new health risks, trust
in health and public authorities, media, and online plat-
forms (but not websites), social norms, perceptions
about vaccine safety, and risk understanding play crucial
roles in the likelihood of delaying preventative behavior.
Therefore, social norms persist even if people think that
social norms do not matter. In getting people to move
from a state of delay to action, these findings suggest that
with an increase in the use of technology during and now
as the pandemic wanes, policymakers can utilize online
social platforms to share scientific and narrative informa-
tion on COVID-19 vaccination. Innovations in strategies
are needed to overcome these timing preferences and
mitigate adverse health impacts related to COVID-19
and any future pandemics.

Abbreviations

EU European Union

VIF Variance inflation factor
AME  Average marginal effect

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/513561-024-00484-9.

Additional file 1. Online Resource 1. Relationship between vaccination
timing preference, social norms and vaccination rates by country.

Additional file 2. Online resource 2. Sensitivity analysis for COVID-19
vaccination timing categories.

Additional file 3. Online resource 3. Correlation between vaccination
attitudes in general and the timing of COVID-19 vaccinations.

Acknowledgements
Not applicable.

Authors’ contributions

All authors have contributed to study conception, data acquisition, analysis,
and interpretation, manuscript development, and approval. All authors read
and approved the final manuscript.

Funding
No funding was received to conduct this study.

Availability of data and materials

The data used in this study are available at the GESIS Data Archive for the
Social Sciences (https://doi.org/https://doi.org/10.4232/1.13786) and Our
World in Data website (https://ourworldindata.org/covid-vaccinations).

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Page 150f 16

Competing interests
The authors declare that they have no competing interests.

Received: 25 January 2023 Accepted: 1 February 2024
Published online: 27 February 2024

References

1. Brewer NT, Chapman GB, Gibbons FX, Gerrard M, McCaul KD, Weinstein
ND. Meta-analysis of the relationship between risk perception and health
behavior: the example of vaccination. Health Psychol. 2007,26(2):136-45.

2. Mesch GS, Schwirian KP. Confidence in government and vaccination
willingness in the USA. Health Promot Int. 2015;30(2):213-21.

3. Bish A, Yardley L, Nicoll A, Michie S. Factors associated with uptake of
vaccination against pandemic influenza: a systematic review. Vaccine.
2011,29(38):6472-84.

4. Bessette DL, Wilson RS, Arvai JL. Do people disagree with themselves?
Exploring the internal consistency of complex, unfamiliar, and risky deci-
sions. J Risk Res. 2021;24(5):593-605.

5. Tenforde MW, Self WH, Gaglani M, Ginde AA, Douin DJ, Talbot HK, et al.
Effectiveness of mRNA vaccination in preventing COVID-19-associated
invasive mechanical ventilation and death — United States, March 2021-
January 2022. MMWR Morb Mortal Wkly Rep. 2022;71(12):459-65.

6. Johnson AG, Amin AB, Ali AR, Hoots B, Cadwell BL, Arora S, et al. COVID-19
incidence and death rates among unvaccinated and fully vaccinated
adults with and without booster doses during periods of delta and
omicron variant emergence — 25 U.S. Jurisdictions, April 4-December
25,2021. MMWR Morb Mortal Wkly Rep. 2022;71(4):132-8.

7. European Centre for Disease Prevention and Control. COVID-19 Vaccine
Tracker. 2022. Available from: https://vaccinetrackerecdc.europa.eu/
public/extensions/COVID-19/vaccine-trackerhtmlfuptake-tab

8. Steinert JI, Sternberg H, Prince H, Fasolo B, Galizzi MM, Bithe T, et al.
COVID-19 vaccine hesitancy in eight European countries: prevalence,
determinants, and heterogeneity. Sci Adv. 2022;8(17):.eabm9825.

9. American Medical Association. 2022. Gerald Harmon, MD, on physicians’
role in a pandemic of mistrust. Available from: https://www.ama-assn.
org/delivering-care/public-health/gerald-harmon-md-physicians-role-
pandemic-mistrust. Cited 10 Dec 2023

10 Brailovskaia J, Schneider S, Margraf J. To vaccinate or not to vaccinate!?
Predictors of willingness to receive Covid-19 vaccination in Europe, the
US, and China. Plos One. 2021;16(12):e0260230 Lin CY, editor.

11. Toshkov D. What accounts for the variation in COVID-19 vac-
cine hesitancy in Eastern, Southern and Western Europe? Vaccine.
2023;41(20):3178-88.

12. Kricorian K, Civen R, Equils O. COVID-19 vaccine hesitancy: misinfor-
mation and perceptions of vaccine safety. Hum Vaccin Immunother.
2022;18(1):1950504.

13. Neumann-Bdhme S, Varghese NE, Sabat |, Barros PP, Brouwer W, van Exel
J, et al. Once we have it, will we use it? A European survey on willingness
to be vaccinated against COVID-19. Eur J Health Econ. 2020;21(7):977-82.

14. Cartanya-Hueso A, Martinez-Sdnchez JM, Carlos Martin-Séanchez J, Lidon-
Moyano C, Pérez-Martin H, Gonzélez-Marrén A. Relationship between
double COVID-19 vaccine uptake and trust in effectiveness and safety of
vaccination in general in 23 Member states of the European Union: an
ecological study. Vaccine. 2022;40(32):4334-8.

15. Wang K, Wong ELY, Cheung AWL, Chung VCH, Wong CHL, Dong D,
et al. Impact of information framing and vaccination characteristics on
parental COVID-19 vaccine acceptance for children: a discrete choice
experiment. Eur J Pediatr. 2022. Available from: https://link.springer.
com/https://doi.org/10.1007/500431-022-04586-6. Cited 4 Oct 2022

16. Jaffe AE, Graupensperger S, Blayney JA, Duckworth JC, Stappenbeck
CA. The role of perceived social norms in college student vaccine
hesitancy: Implications for COVID-19 prevention strategies. Vaccine.
2022;40(12):1888-95.

17. de Vries M, Claassen L, Lambooij M, Leung KY, Boersma K, Timen A.
COVID-19 vaccination intent and belief that vaccination will end the
pandemic. Emerg Infect Dis. 2022;28(8):1642-9.

18. Clemow L, Costanza ME, Haddad WP, Luckmann R, White MJ, Klaus D,
et al. Underutilizers of mammography screening today: Characteristics of


https://doi.org/10.1186/s13561-024-00484-9
https://doi.org/10.1186/s13561-024-00484-9
https://doi.org/
https://doi.org/10.4232/1.13786
https://ourworldindata.org/covid-vaccinations
https://vaccinetracker.ecdc.europa.eu/public/extensions/COVID-19/vaccine-tracker.html#uptake-tab
https://vaccinetracker.ecdc.europa.eu/public/extensions/COVID-19/vaccine-tracker.html#uptake-tab
https://www.ama-assn.org/delivering-care/public-health/gerald-harmon-md-physicians-role-pandemic-mistrust
https://www.ama-assn.org/delivering-care/public-health/gerald-harmon-md-physicians-role-pandemic-mistrust
https://www.ama-assn.org/delivering-care/public-health/gerald-harmon-md-physicians-role-pandemic-mistrust
https://doi.org/10.1007/s00431-022-04586-6

Gupta and Rudisill Health Economics Review

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34

35.

36.

37.

38.

(2024) 14:16

women planning, undecided about, and not planning a mammogram.
Ann Behav Med. 2000;22(1):80-8.

Schmid P, Rauber D, Betsch C, Lidolt G, Denker ML. Barriers of influenza
vaccination intention and behavior — a systematic review of influenza
vaccine hesitancy, 2005-2016. Plos One. 2017;12(1):e0170550 Cowling BJ,
editor.

Blasi F, Aliberti S, Mantero M, Centanni S. Compliance with anti-H1N1 vac-
cine among healthcare workers and general population. Clin Microbiol
Infect. 2012;18(Suppl 5):37-41.

Katapodi MC, Pierce PF, Facione NC. Distrust, predisposition to use
health services and breast cancer screening: results from a multicultural
community-based survey. Int J Nurs Stud. 2010;47(8):975-83.

Byrne KA, Six SG, Anaraky RG, Harris MW, Winterlind EL. Risk-taking
unmasked: Using risky choice and temporal discounting to explain
COVID-19 preventative behaviors. Plos One. 2021;16(5):e0251073.
Raude J, Lecrique JM, Lasbeur L, Leon C, Guignard R, du Roscoét E, et al.
Determinants of preventive behaviors in response to the COVID-19 pan-
demic in France: comparing the sociocultural, psychosocial, and social
cognitive explanations. Front Psychol. 2020;11:584500.

Tagini S, Brugnera A, Ferrucci R, Mazzocco K, Pievani L, Priori A, et al.
Attachment, personality and locus of control: psychological determinants
of risk perception and preventive behaviors for COVID-19. Front Psychol.
2021;12:634012.

Vacondio M, Priolo G, Dickert S, Bonini N. Worry, perceived threat and
media communication as predictors of self-protective behaviors during
the COVID-19 outbreak in Europe. Front Psychol. 2021;12:577992.
Khubchandani J, Sharma S, Price JH, Wiblishauser MJ, Sharma M, Webb
FJ. COVID-19 vaccination hesitancy in the United States: a rapid national
assessment. J Community Health. 2021,46(2):270-7.

Paul E, Steptoe A, Fancourt D. Attitudes towards vaccines and intention
to vaccinate against COVID-19: Implications for public health communi-
cations. Lancet Regional Health - Europe. 2021;1:100012.

Galizzi MM, Lau WK, Miraldo M, Hauck K. Bandwagoning, free-riding

and heterogeneity in influenza vaccine decisions: an online experiment.
Health Econ. 2022,31(4):614-46.

Rabb N, Bowers J, Glick D, Wilson KH, Yokum D. The influence of social
norms varies with “others” groups: evidence from COVID-19 vaccination
intentions. Proc Natl Acad Sci USA. 2022;119(29):e2118770119.
European Commission, Brussels. Flash Eurobarometer 494 (Attitudes on
Vaccination against Covid-19) Flash Eurobarometer 494 (Attitudes on
Vaccination against Covid-19). GESIS Data Archive; 2021. Available from:
https://search.gesis.org/research_data/ZA77717doi=10.4232/1.13786.
Cited 10 Dec 2023

European Medicines Agency. European Medicines Agency. 2020. EMA
recommends first COVID-19 vaccine for authorisation in the EU. Available
from: https://www.ema.europa.eu/en/news/ema-recommends-first-
covid-19-vaccine-authorisation-eu. Cited 11 Aug 2022

Mathieu E, Ritchie H, Ortiz-Ospina E, Roser M, Hasell J, Appel C,

et al. A global database of COVID-19 vaccinations. Nat Hum Behav.
2021,5(7):947-53.

Chapman GB, Coups EJ. Time preferences and preventive health
behavior: acceptance of the influenza vaccine. Med Decis Making.
1999;19(3):307-14.

Yuen SWH, Yue RPH, Lau BHB, Chan CLW, Ng SM. When to be vaccinated?
What to consider? Modelling decision-making and time preference for
COVID-19 vaccine through a conjoint experiment approach. Health
Policy; 2021. Available from: http://medrxiv.org/lookup/doi/10.1101/
2021.06.05.21258416.Cited 2022 Sep 8

Mouter N, de Ruijter A, de Ardine Wit G, Lambooij MS, van Wijhe M, van
Exel J, et al."Please, you go first!" preferences for a COVID-19 vaccine
among adults in the Netherlands. Soc Sci Med. 2022,292:114626.

Algan Y, Cohen D, Davoine E, Foucault M, Stantcheva S. Trust in scientists
in times of pandemic: panel evidence from 12 countries. Proc Natl Acad
Sci USA. 2021;118(40):2108576118.

Helsingen LM, Refsum E, Gjostein DK, Leberg M, Bretthauer M, Kalager
M, et al. The COVID-19 pandemic in Norway and Sweden — threats,
trust, and impact on daily life: a comparative survey. BMC Public Health.
2020;20(1):1597.

Ibuka Y, Li M, Vietri J, Chapman GB, Galvani AP. Free-riding behavior in
vaccination decisions: an experimental study. Plos One. 2014;9(1):e87164.

39.

40.

41.

42.

43.

44,

45

46.

47.

48.

49.

50.

Page 16 of 16

Bhattacharyya S, Bauch CT."Wait and see” vaccinating behaviour during a
pandemic: a game theoretic analysis. Vaccine. 2011;29(33):5519-25.
Yeung MPS, Lam FLY, Coker R. Factors associated with the uptake of
seasonal influenza vaccination in adults: a systematic review. J Public
Health. 2016;38(4):746-53.

Galarce EM, Minsky S, Viswanath K. Socioeconomic status, demograph-
ics, beliefs and A(HTN1) vaccine uptake in the United States. Vaccine.
2011,29(32):5284-9.

Rudisill C. How do we handle new health risks? Risk perception,
optimism, and behaviors regarding the H1N1 virus. J Risk Res.
2013;16(8):959-80.

Limbu YB, Gautam RK, Pham L. The health belief model applied to
COVID-19 vaccine hesitancy: a systematic review. Vaccines (Basel).
2022;10(6):973.

Li J,Tang J, Liu X, Ma L. How do users adopt health information

from social media? The narrative paradigm perspective. HIM J.
2019;48(3):116-26.

Betsch C, Ulshofer C, Renkewitz F, Betsch T. The influence of narrative v.
Statistical information on perceiving vaccination risks. Med Decis Making.
2011,31(5):742-53.

Betsch C, Renkewitz F, Betsch T, Ulshéfer C. The influence of vaccine-
critical websites on perceiving vaccination risks. J Health Psychol.
2010;15(3):446-55.

Loft LH, Pedersen EA, Jacobsen SU, Seborg B, Bigaard J. Using Facebook
to increase coverage of HPV vaccination among Danish girls: An assess-
ment of a Danish social media campaign. Vaccine. 2020;38(31):4901-8.
Dhanani LY, Franz B. An experimental study of the effects of messaging
strategies on vaccine acceptance and hesitancy among Black Americans.
Prev Med Rep. 2022;27:101792.

Habib GL, Yousuf H, Bredius L, Bindraban NR, Winter MM, Scherder EJA,
et al. The importance of cultural tailoring of communicators and media
outlets in an influenza vaccination awareness campaign: a digital rand-
omized trial. Sci Rep. 2023;13(1):1744.

Siegler AJ, Luisi N, Hall EW, Bradley H, Sanchez T, Lopman BA, et al.
Trajectory of COVID-19 vaccine hesitancy over time and association of
initial vaccine hesitancy with subsequent vaccination. JAMA Netw Open.
2021;4(9):22126882.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://search.gesis.org/research_data/ZA7771?doi=10.4232/1.13786
https://www.ema.europa.eu/en/news/ema-recommends-first-covid-19-vaccine-authorisation-eu
https://www.ema.europa.eu/en/news/ema-recommends-first-covid-19-vaccine-authorisation-eu
http://medrxiv.org/lookup/doi/10.1101/2021.06.05.21258416
http://medrxiv.org/lookup/doi/10.1101/2021.06.05.21258416

	Timing of preventive behavior in the case of a new and evolving health risk: the case of COVID-19 vaccination
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Background and conceptual framework
	State of the art on COVID-19 vaccination predictors
	Time preferences for preventive behaviors and COVID-19
	Conceptual framework

	Methods
	Data
	Methods
	Analysis

	Results
	Descriptive statistics
	Two-sample group proportions test
	Multivariate analysis
	Effect of local vaccination rates
	Effect of trust in sources for reliable COVID-19 vaccines information
	Effect of social norms
	Effect of beliefs about vaccine safety
	Effect of risk understanding
	Demographics
	Sensitivity analyses


	Discussion
	Conclusion
	Acknowledgements
	References


