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Abstract

Background
While effective vaccines against the SARS-COV-2 virus have been developed and countries around the world have invested heavily
to secure vaccine rollout, a fundamental challenge remains. How do policy-makers around the world ensure high vaccine uptake?
What is lacking is a comprehensive assessment that captures a total spectrum of features related to the development of a
vaccine, the vaccine's characteristics as well as the implementation of the vaccination program.

Methods
To provide such an assessment, we designed a conjoint experiment embedded in large-scale surveys based on a random sample
from the central database of Danish social security numbers (N = 3,099), providing a sample that is representative for the adult
Danish population. In the conjoint experiment, we vary features relating to three dimensions: 1) the stage of vaccine development,
2) the speci�c characteristics of the vaccine, and 3) the implementation of the vaccination strategy.

Results
We show that the features relating to characteristics of the speci�c vaccine have the strongest impact on vaccine acceptance. The
features relating to vaccine development were the second most powerful, while the features relating to the implementation of the
vaccination strategy were the least.

Conclusions
The public has a strong preference for vaccines with high e�cacy. This may point to a mounting challenge for ensuring high
vaccine uptake. Yet, the results also provide evidence that there might be a pathway to naturally alleviate this challenge. Thus,
over time the “testing period” of the vaccines are naturally extended, which simultaneously implies an increase in vaccine safety
(provided that the roll-out only reveals marginal side-effects). Our results suggest that such an increase in vaccine safety in itself
will increase acceptance (in particular, if the roll-out only reveals marginal side-effects). Furthermore, the results indicate that
vaccine acceptance can be increased if politicians leave it to the health authorities to communicate about recommendations.

Full Text
Vaccines are vital tools in the �ght against the SARS-COV-2 virus [1]. Accordingly, pharmaceutical companies have worked at
hitherto unseen speed and invested unprecedented amounts of resources into the successful development of effective vaccines
against the virus. Similarly, we have seen that countries around the world are investing heavily in the necessary infrastructure to
secure the rollout and distribution of these vaccines to their populations. However, the development of effective vaccines and the
necessary channels for their distribution does not necessarily mean an end to the pandemic. A fundamental challenge, for policy-
makers around the world, is hence to ensure high vaccine uptake. Thus, immunization programs will not have the desired effects
if large proportions of populations around the world are not willing to take the vaccines they are offered [2]. This challenge is
emphasized by numerous studies that point out that signi�cant proportions of the public are hesitant about SARS-COV-2 vaccines
[3, 4, 5, 6]. Moreover, the emergence of more contagious and potentially vaccine-resistant SARS-COV-2 virus variants might require
that signi�cant proportions of the public need to be re-vaccinated with second-generation vaccines to reach herd-immunity [2].

Previous work in the context of SARS-COV-2 has found that vaccine acceptance differ substantially across individuals based on
their speci�c demographic and psychological traits. Thus, studies have found that males [5, 7, 8, 9], older people [4, 5, 9], and the
better educated [5, 9] are more likely to accept a SARS-COV-2 vaccine. Moreover, studies have also found that trust in authorities
[5, 6] and trust in others [5, 10] are key predictors of SARS-COV-2 vaccine acceptance. Studies focusing on risk-perceptions, �nd
that both personal risk-perceptions [5, 7, 8, 9] as well as sociotropic risk-perceptions [5, 11] are key predictors of vaccine
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acceptance such that those who feel more at risk are more likely to accept vaccines. Finally, prior literature has linked attitudinal
predictors relating to anti-systemic sentiments [12, 13] and feelings of pandemic fatigue [5, 14] to SARS-COV-2 vaccine
acceptance.

While the role of individual traits is highly important for understanding vaccine acceptance, these traits are also relatively
immutable. Health communicators and authorities motivated to increase vaccine acceptance in the general public accordingly
need to invest elsewhere to meet their goals, at least in the short term. In this respect, the features of the vaccines themselves are
key. Several theoretical frameworks for understanding vaccine acceptance converge on the argument that (a) the development
and approval process of a speci�c vaccine needs to inspire con�dence; (b) the characteristics of the vaccine in terms of
effectiveness and safety should remove complacency and, hence, make it a worthwhile calculation to receive vaccination; and (c)
that the actual implementation of the vaccination program should increase convenience and, thus, reduce potential practical
constraints that disables an individual from acting on their intention to get vaccinated [15, 16].

Consistent with this, four rapidly executed studies on the question of vaccine characteristics has utilized conjoint experiments to
assess some of these three dimensions (con�dence, complacency and convenience) and how their in�uence acceptance of a
SARS-COV-2 vaccine. Consistent with previous studies on vaccine uptake (see e.g., reference [17] and references therein), these
studies show that higher e�cacy leads to higher uptake [18, 19, 20, 21]. Moreover, similar to prior research on other vaccines [22,
23, 24, 25], three of the studies show that an increased risk of side effects decrease vaccine uptake [19, 20, 21], while one study do
not �nd this effect [18]. Consistent with prior research, the process of development has also been found to affect uptake [26].
While reference [18] do not investigate this effect, the other three studies consistently �nd an impact of production country on
uptake [19, 20, 21]. Relatedly, reference [21] also examine the impact of an increased development period and �nds small positive
effects on uptake.

While these �ndings provide important �rst steps in understanding how features of vaccines and vaccinations programs
themselves work beyond individual traits to increase acceptance, the studies also face noteworthy limitations. First, three of the
studies [18, 20, 21] focus only on of the vaccines themselves, leaving the question of the implementation of the vaccination
strategy unanswered. Second, these three studies are all focused only on the USA. This questions whether their estimates
generalize to other contexts with, for example, less politicization of COVID-19. Finally, the three studies are based on convenience
samples, which further questions the generalizability of the results beyond the samples. Reference [19] remedies some of these
limitations. Focusing on the �rst weakness, the authors study a broader set of features, including also the place of vaccine
administration and whether or not the GP recommends the vaccination. While this broadened focus is a strength compared to the
other studies, there are additional factors in the national vaccination strategy that should be considered from a convenience
perspective (as developed below). Moving to the two latter weaknesses, reference [19] move their study outside the American
context and instead focus on France. Moreover, they were able to conduct their survey on a sample of 2000 adults aged 18–64 in
France based on a probability sample that ensures representativeness for the working-age French population. Although their
sampling overall should be viewed as a strength, it also has its limitations. Thus, they remain unable to observe effects among
the most vulnerable groups—i.e., those who are 65 + years old.

In this manuscript, we seek to resolve these limitations. What we lack is a more comprehensive assessment that captures a total
spectrum of features related to the development of a vaccine, the vaccine's characteristics as well as the implementation of the
vaccination program; hence, assessing the relative importance of both con�dence, complacency and convenience as highlighted
in frameworks of vaccine acceptance. To provide such an assessment, we designed a conjoint experiment embedded in high-
quality large-scale surveys focused on the Danish population. Note that these surveys were designed before the publication of all
the studies above. Speci�cally, we collected a random sample of 3,099 Danes between November 27 and December 17 (i.e., prior
to the start of the Danish vaccination program) based on the database of Danish social security numbers (providing a sample
that is representative for the entire adult Danish population). In these surveys, we varied three features related to the stage of
development of the vaccine: the number of previously vaccinated, length of testing period before approval, and production
country. We varied two features related to the speci�c characteristics of the vaccine: its e�cacy and expected side-effects. And we
also manipulated four characteristics related to the implementation of the vaccination strategy: place of vaccination, vaccine
recommendation, when you can be vaccinated, and whether you need an appointment or not.
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Our aim is �rst to provide a comprehensive assessment of which particular types of vaccines the public is willing to accept and
whether certain vaccination strategy characteristics potentially foster acceptance. Second, we also aim to test whether these
vaccine characteristics potentially diminish the in�uence of recognized individual-level predictors of vaccine acceptance. As
accounted for above, we for example know that those who are personally worried are more likely to take a vaccination offer. A key
concern thus might be that characteristics of the vaccines and vaccination strategy primarily affect those who are likely to already
accept vaccines. This suggest interactions, where the effects of the vaccine and vaccination strategy attributes would be
strongest for those who would already be most inclined to accept vaccination offers given their background characteristics. In the
previous studies, this question remains understudied.

Methods
Data

We conducted a conjoint experiment among the Danish public aged 18 or older. Our data is collected by the survey �rm Epinion.
Participants were recruited using simple random sampling based on the entire database of Danish social security numbers,
supplied by Statistics Denmark (DST). The recruited participants can thus be viewed as representative of the broader Danish
population. We interviewed 3,099 individuals over two rounds. The �rst round of data was collected between November 27 and
December 4, 2020 and included 1,547 individuals. The second round of data was collected between December 11 and December
17 and included 1,552 individuals. For each round, 4,000 Danes were randomly selected from the database of social security
numbers.

Table S.1 in the supplementary material (SM) gives an overview of the data collection process. The randomly selected individuals
received a letter inviting them to participate in the study via eBoks (a nation-wide Danish electronic mail system). If they had not
taken the survey after two days, they received a letter reminding them about the study also via eBoks. If invitees did not respond
upon this �rst reminder, they were contacted by text message or via the telephone and reminded about the study. About .8 percent
of the Danish population are exempt from eBoks. Individuals who were not signed up for eBoks (i.e., had an exemption), were
instead contacted over the telephone and offered to do the interview. Overall, the average response rate in the study is 39 percent.
After the data collection, we correct for small imbalances using post-strati�cation weights to adjust the �nal sample data to �t the
demographic margins of the Danish population with respect to sex, age, education, and geography (see Table S.2 in the SM for
detailed sample and population characteristics). We employ these post-strati�cation weights in all results in the manuscript, but
note that results are essentially identical without this reweighting (see Figure S.4 in the SM).

Research design

We conduct a conjoint experiment among 3,099 individuals who assess four vaccine pro�les each, yielding 12,396 observations
in total. Conjoint experiments ask participants to evaluate (hypothetical) pro�les that vary randomly on multiple attributes at the
same time. Conjoints have been widely applied in marketing and, increasingly so, in other �elds within social science to measure
preferences and the relative importance of several determinants in multidimensional decision-making processes [27, 28, 29, 30].
Similarly, conjoint experiments have been employed to study vaccine acceptance in previous epidemics and under the current
pandemic [18, 19, 20, 21].

Just as in real-world vaccine decisions, in our experiment, participants are presented with a vaccine and then asked to decide
whether they would take the vaccination or not. The vaccinations vary on nine attributes, including e�cacy, side-effects, number
already vaccinated, length of the testing period, production country, by whom it is recommended, vaccination place, when you can
get vaccinated, and how you schedule an appointment. Each attribute can take on various values that are randomly chosen to
form the vaccination. Table S.3 gives an overview of attributes and their values. The attributes were presented in a random order.

In addition to varying the pro�le of a vaccine, we also varied the context in which a vaccination was offered. Speci�cally, we
varied whether the corona epidemic would increase, continue as now, or decrease. Participants saw a preamble reading: “Imagine
that the corona epidemic in Denmark [increases/continues as now/decreases] and that you within the next month get an offer of
this free vaccine against COVID-19, which is recommended for people like you.” We randomly varied the context across
participants, but not across pro�les evaluations. In other words, a participant evaluated four randomly varying vaccines within the
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same context. Finally, participant were asked to evaluate whether or not they would take the vaccine asking the question: “Would
you take the vaccine or would you reject the offer?” Figure S.1 in the SM presents an example of a random pro�le with the
preamble and the outcome evaluation question.

As our benchmark model, we regress the probability of vaccine acceptance on the nine attributes in the same model pooling
across all respondents and account for the fact that individuals evaluate several pro�les by using standard errors clustered on
individuals (see Fig. 1). Given randomization, this strategy provides unbiased estimates for the independent causal impact of
each of the attributes because it ensures that the potential vaccine acceptance outcomes are independent of attribute
assignment. An implication of randomization is that individual-level characteristics are expected to be balanced across attributes.
One way of assessing the design-based identi�cation is thus to include individual-level covariates into the model and evaluate
whether the estimated effects change upon inclusion (Figure S.4 shows that the estimated effects remain unchanged upon
inclusion of covariates, corroborating the design-based identi�cation).

Results
Epidemic context effects

Across participants, we varied the context (i.e., the epidemic development) in which individuals decided whether to accept a given
vaccine or not. In Figure S.2, we utilize this to test whether the epidemic context matters by regressing vaccine acceptance on the
context variable. The �gure shows only marginal differences in acceptance and these differences remain statistically
indistinguishable from zero. In conclusion, the imagined epidemic development in Denmark does not affect participants’
likelihood of accepting a vaccine independently.

Average attribute effects

The average attribute effects on the probability of accepting a vaccine are plotted in Fig. 1 (Table S.5 in the SM provides the
supporting regression table). On the vaccine characteristics, the results show that vaccines that provide 70% protection are about
13 percentage points more likely to be accepted compared to vaccines with 50% protection, while vaccines with 90% protection
are about 24 percentage points more likely to be accepted. We �nd similar but smaller effects for vaccines with lower risks of
serious side-effects. Vaccines where 1 in 10,000 and 1 in 100,000 are hit by serious side-effects, are about 8 and 15 percentage
points more likely to be accepted, respectively, compared to vaccines where the risk is 1 in 1,000.

On the characteristics related to vaccine development, we observe that participants attach high importance to an increased testing
period. Test periods of 6 and 12 months as compared to 3 months, increase vaccine acceptance by about 5 and 8 percentage
points, respectively. We �nd a similar but smaller premium of about 3.5 and 7 percentage points, respectively, for vaccines that
100,000 and 1,000,000 as compared to 10,000 have already received. Vaccines that are produced abroad face a penalty of about
2.5 percentage points (UK) and 6.5 percentage points (USA).

On the vaccination strategy characteristics, we �nd that compared to vaccines recommended by health authorities, a
recommendation from your own doctor or the government face penalties of about 3 percentage points each, while vaccines
recommended by a researcher are about 6 percentage points less likely to be accepted. Similarly, we observe some difference with
respect to vaccination place with a penalty of about 3 and 3.5 percentage points, respectively, for getting the vaccination at the
pharmacy and regional hospital compared to your own doctor. Moving to the two remaining factors, we �nd no difference
heterogeneity in vaccine acceptance with respect to vaccination time or with respect to making appointments.

Taken together, the results demonstrate that vaccine acceptance indeed depends on characteristics related to the vaccine itself, its
development, and the vaccination strategy. Speci�cally, preferences over vaccines are structured by seven main factors: vaccine
e�cacy, side-effects, number of previously vaccinated, testing period, production country, endorsements, and place of vaccination
administration.

Effect heterogeneity
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Do vaccine preferences vary across people with different psychological dispositions? As discussed above, we might expect that
the attribute effects are driven by those who given their background characteristics are already more inclined to be vaccinated. For
instance, we know from previous studies that those who feel personally at risk are more likely to accept vaccines [5, 7, 8, 9]. This
could suggest an interaction, where the attribute effects would be strongest for those who perceive a high degree of personal risk.
In order to test for interactions between participants’ psychological dispositions and the vaccine attribute effects, we split the
main analysis according to four recognized psychological vaccination dispositions, including 1) institutional trust, 2) personal
COVID-19 worry, 3) vaccine motivations, and 4) vaccine worry (see Table S.4 in the SM for details on the measurements of these
psychological factors).

Figure 2 shows the results of these subgroup analyses (Table S.6 in the SM reports the supporting regression table). Overall, we
observe a striking homogeneity in the attribute effects across the subgroups that are below the median (blue circles) and above
the median (yellow triangles) on these psychological dispositions, respectively. Additional analyses using more �ne-grained
subgroups show that results are similarly homogenous (see Figure S.5-Figure S.8).

Do the vaccine attribute effects vary across demographic subgroups? In order to test for interactions between participant
demographic and the effects of vaccine attributes, we stratify the main analyses by participants’ sex, age, education, and
geographical location (see Figure S.9 and Figure S.10 in the SM). Overall, we �nd that the attribute effects are broadly similar
across different subgroups. This suggests that there is a consensus—among females and males, young and old, low and high
educated, and across geographic regions—on which vaccines are preferred over others. However, there is one notable exception to
this homogeneity. Hence, the age panel shows that the young drive the estimated impact of side-effects. This aligns with studies
making the argument that SARS-COV-2 has an asymmetric age-pro�le [31], implying that the elderly would be more likely to
accept any vaccine.

Although the epidemic context did not independently affect vaccine acceptance (see Figure S.2), the attribute effects might still
vary across contexts. For example, vaccine safety might matter less in the context of an increasing epidemic and more in the
context of a decreasing epidemic. However, we observe that the estimated effects remain fundamentally similar across contexts
(see Figure S.11). Relatedly, we ask if the attribute effects vary across different vaccine pro�les. Consistent with psychological
research on decision-making under uncertainty, we might, for instance, expect that the in�uence of vaccine safety characteristics
(e.g., side-effects) is largest when vaccine e�cacy is relatively low. However, we �nd no substantively meaningful �rst-order
interaction among any of the conjoint attributes. Altogether, the absence of such interaction effects suggest that participants
consider the different characteristics independently from each other (see Figure S.12-Figure S.20).

Predictions of acceptance

To better understand the substantive meaning of these results, Fig. 3 illustrates the predicted probability of vaccine acceptance
based on the model estimates from our baseline model in Fig. 1. In particular, we extract the probability of acceptance at the
minimum, 25th percentile, median, 75th percentile, and the maximum. The acceptance rate of the least likely vaccine is about 23
percent (95% CI: 19–28), while the rate of the most likely vaccine is about 95 percent (95% CI: 90–99). The intermediate vaccines
at the 25th percentile, the median, and the 75th percentile are predicted to be accepted by about 50 percent (95% CI: 46–55), 60
percent (95% CI: 55–64), and 69 percent (95% CI: 65–74), respectively.

Mirroring the results from Fig. 1, we see a large jump in the expected acceptance from the minimum (about 23 percent
acceptance) to the 25th percentile (about 50 percent acceptance) driven by changes in the vaccine safety attributes. Moving from
the minimum to the 25th percentile, we most notably see a decrease in side-effects, an increase in the number of previously
vaccinated, and a change in production country from the US to the UK. Moving further up the distribution to the median (about 60
percent acceptance), we see that the jump in acceptance is driven by a change in vaccine e�cacy from 50 to 90 percent.
Comparing the 75th percentile (about 69 percent acceptance) to the median, we see an increase in vaccine acceptance of about 9
percentage points driven by increases in vaccine safety in terms of a lower risk of serious side-effects and an increased test
period. Finally, we see that the increase from the 75th percentile to the maximum (about 95 percent acceptance) is driven by: 1) an
increased test period, 2) an increasing number of vaccinated, 3) that the vaccine is produced in Denmark, 3) that the authorities
recommend the vaccine, 4) that vaccination is at your own doctor, 5) that you do not have to book an appointment.
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Discussion
These �ndings have key implications for our understanding of COVID-19 vaccine acceptance and, speci�cally, the results
establish a strong hierarchy between different factors related to vaccines. Most important are the factors that make the use of a
speci�c vaccine worthwhile from a cost-bene�t perspective. We thus �nd strong evidence that a vaccine's expected protection and
safety are crucial determinants of vaccine acceptance. Factors relating to the development of a vaccine have a smaller effect,
suggesting that such factors can contribute to con�dence in the vaccines beyond there mere fact that they have been approved by
the national health authorities. The factors relating to the implementation of the vaccination strategy matters the least for
acceptance. Still, there are some effects and, for health authorities, these effects may be particularly important to note as the
implementation is fully under their control. As compared to endorsements by the health authorities, we observe a penalty from
endorsements of e.g., researchers and the government. We similarly see that place of vaccine administration matters. That is,
being able to be vaccinated at your own doctor is attached with a premium compared to more centralized alternatives.

Importantly, we observe a striking consensus across different subsets of the population about which vaccines are preferred over
others. This is crucial. Thus, it shows that the potential positive effects of these characteristics are not limited to the subgroups in
the population that are most enthusiastic about vaccines given their background characteristics. Instead, the estimated effects
were strikingly homogenous across groups. This reveals that these characteristics can have positive effects also among those
groups who are viewed to be more di�cult to convince to be vaccinated. 

In terms of study limitations, it is important to note that while our experimental design (i.e., the randomization of attributes)
ensures the study’s internal validity, there are potentially issues in relation to external validity. However, �ve factors help alleviate
concerns over the generalizability of our study beyond the sample. First, we are aware of one external validation test that shows
that the single-conjoint we applied can achieve high external validity in replicating real-world behavior and reducing social
desirability bias [30]. Second, the number of pro�les that each respondent accepted in their conjoint tasks is highly correlated with
respondents’ general vaccine attitudes as measured by the vaccine motivation and vaccine worry scales. Thus, a one standard
deviation increase in vaccine trust is associated with about a 13.5 percentage points increase in the likelihood of vaccine
acceptance while a standard deviation increase in vaccine worry is associated with a decrease of about 15 percentage points.
Overall, this suggest that respondents’ judgments of individual vaccines are closely linked to their broader psychological
dispositions. Third, as shown above the effects are strikingly homogenous across subgroups of respondents, implying that it is
unlikely that our results would have been substantially different had our sample contained different distributions on age, gender,
education, institutional trust, geography, and psychological motivations. Moreover, our results remain fundamentally similar if we
do not use weights to post-stratify our data for analysis (see Figure S.4). Fourth, it is important to note, that the majority of
respondents did not either categorically reject or accept all of their assigned vaccine pro�les.[1] This suggests that our �ndings on
how citizens condition their acceptance on the basis of speci�c vaccine attributes is not only applicable on the margins but have
broadly meaningful implications for public acceptance of vaccines and the end-goal of herd immunity. Finally, given the
robustness of these design-speci�c concerns, it is crucial to note the very high quality of our sample. Thus, the random sampling
from the central database of social security numbers combined with a relatively high response rate of about 39 percent ensure
that results should be representative for the adult Danish population. 

Footnote:

[1] Thus, 52 percent of our respondents accepted between 1-3 of their vaccine offers while about 14 percent categorically rejected
all vaccines and about 34 percent accepted all.

Conclusions
Overall, the �ndings reveal both opportunities and challenges for policy-makers who are struggling to develop strategies and
communicate in ways that ensure high vaccine uptake in the population. The public’s strong preference for vaccines with very
high e�cacy points to a mounting challenge for ensuring high vaccine uptake. Yet, the results also provide evidence that there
might be a pathway to naturally alleviate this challenge. Thus, as more people are vaccinated and the “testing period” of the
vaccines are naturally extended, it simultaneously implies an increase in vaccine safety. Our results suggest that this in itself will
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increase acceptance (in particular, if the roll-out only reveals marginal side-effects). Consistent with this, observational research
show that acceptance of vaccines against SARS-Cov-2 has increased in multiple countries from September 2020 to February
2021 as vaccines were rolled out (Lindholt et al., 2021). Furthermore, the results indicate that vaccine acceptance can be
increased if politicians leave it to the health authorities to communicate about recommendations. Hence, vaccines recommended
by the government, a doctor, or a researcher faced clear penalties as compared to vaccines promoted by the health authorities.
Importantly, the present results suggest that such factors will increase acceptance, even among those who otherwise are
predisposed to be hesitant.
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Figures

Figure 1

Effects of vaccine attributes on the probability of vaccine acceptance

Note: �lled circles with horizontal lines indicate point estimates with cluster-robust 95% CI from linear (weighted) least square
regression. Hollow circles on the dashed zero line denote the reference category for each vaccine attribute. 
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Figure 2

Vaccine attribute effects on the probability of vaccine acceptance across subgroups 

Note: blue circles represent attribute effect estimates for participants below the median on each psychological disposition, while
yellow triangles represent attribute effect estimates for participants above the median. Horizontal lines are cluster-robust 95% CI.
Linear (weighted) least square regression. 
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Figure 3

Estimated probability of vaccine acceptance for selected vaccine pro�les

Note: �lled circles with horizontal lines indicate estimated point prediction with cluster-robust 95% CI from linear (weighted) least
square regression. 
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