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Objectives: To assess the relative effects of altering different factors (attributes) related to adults’ decision
for influenza vaccination choice, and whether priming modifies these relative effects.
Methods: Chinese adults were randomly allocated to either a control condition (non-risk related video),
or one of the three health risk-priming conditions (disease (influenza) risk video, intervention (vaccine)
risk video, or non-specific (air pollution) risk video), each comprising �200 participants, prior to a dis-
crete choice experiment survey. Mixed logit modelling estimated the relative effects of pre-determined
attributes influencing vaccination choice.
Results: Across all four conditions, for determining vaccination choice, Vaccine Efficacy had a greater
effect than social cues (community vaccination coverage rate (CVCR) and doctors’ advice) but social cues
can compensate for the effect of ‘‘uncertain” vaccine safety; influenza case-fatality ratio (CFR) became
dominantly important among all included attributes when it reached 20%; vaccination preference
increased when a CVCR changed incrementally from 5% to 60% but declined thereafter when the CVCR
reached 80%. Compared with Control participants, a CVCR increased by 80% had a smaller effect for par-
ticipants primed by intervention risk on vaccination choice, while the effect of influenza risk relative to
vaccine risk increased following disease risk priming.
Conclusion: While increasing confidence on vaccine efficacy is more important for influenza with less
severe consequences, highlighting disease consequences becomes increasingly important when its CFR
increases, for promoting vaccination uptake. For a new vaccine with uncertain safety, involving doctors
and early vaccine takers to validate vaccine safety should be important. Brief exposure to influenza/vac-
cine risk didn’t increase the effect of specific risk on vaccination choice but may change the relative
weight of disease versus intervention risk when individuals make trade-off for vaccination decision.
Free riding on herd immunity may increase when community vaccination coverage is high particularly
following intervention risk priming.

� 2019 Elsevier Ltd. All rights reserved.
1. Introduction

Influenza produces a huge disease burden worldwide [1]. Glob-
ally, seasonal influenza attacks 5–10% of adults annually while the
case-fatality ratio is low, around 0.1% [2]. However, the impact of
an influenza pandemic could be devastating such as the 1918 pan-
demic [3]. The last pandemic, the 2009 influenza A/H1N1 pan-
demic (A/H1N1), seemed relatively mild with an attack rate of
�10% and case-fatality ratio (CFR) of �1%, yet still accounted for
significant numbers of death [4]. Predicting how severe the next
pandemic is difficult. Potential candidates could be the avian influ-
enza A/H5N1 of which CFR was estimated to be around 14–33% [5].
Vaccination is currently the most effective strategy for preventing
influenza if the vaccine strain closely matches the predominant
virus strain [6]. Vaccinated individuals benefit directly, and unvac-
cinated individuals indirectly through reduced exposure to
infected individuals if community vaccination coverage reaches
or exceeds 60% (herd immunity) [7]. Yet in many populations, sea-
sonal influenza vaccination uptake rates remain low [8]. In Hong
Kong, priority groups including pregnant women, those who aged
6–72 months, those who aged 50 years or above, healthcare work-
ers and persons with intellectual disability or receiving disability
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allowance are recommended and subsidized for their annual influ-
enza vaccination [9], but there is no specific recommendation or
subsidy for the influenza vaccination of adults out of the priority
groups unless there is a pandemic [10]. Vaccination coverage was
generally low in Hong Kong, being around 30% in children of the
priority groups [11] and even lower in the general adults (�20%
received seasonal influenza vaccine and �1% received the 2009
influenza A/H1N1 pandemic vaccine) [10].

1.1. Vaccination-related decision making

The utility maximization theory (UMT) assumes that of differ-
ent options provided for consumers, each contains properties of
pleasure (positive utility) and pain (negative utility), and the one
with maximum utility would be most preferred by consumers over
alternatives [12]. The UMT conventionally measures the utility of
different options in terms of their prices or monetary value (objec-
tive utility). Following this idea, Subjective (expected) Utility The-
ory (SUT) was developed, assuming that choices are made to
maximize the utility perceived or valued by individuals (subjective
utility) rather than objective utility [13]. As extensions of SUT, cog-
nitive behavioural theories or ‘‘value-expectancy models” were
developed, assuming that individual behaviours result from the
interaction of personal judgement of the probability and severity
of outcomes (perceived probability � perceived severity) through
a reasoned and deliberative process to maximize expected utility
[14]. However, a wide range of deviations were identified in the
application of these normative theories in explaining people’s
actual behaviours [15,16]. More recently, interest in dual-process
models of decision making has increased [17]. These models pro-
pose that individual decision making is not merely a conscious,
deliberative and systematic reasoning process that aims to maxi-
mize expected utility but also involves an unconscious, heuristic
and affective process [18,19]. Dual-process models differ from nor-
mative behavioural decision theories in three assumptions: first,
individual behaviour is, in part, driven by internal cues (heuristics,
preconceptions and affect) which facilitate fast but sometimes
imperfect decisions subject to biases or involving incomplete infor-
mation; second, individuals are social actors whose behaviours are
partly driven by external cues that indicate social approval or
group expectations, norms, and; third, internal and external cues
interacted with individual self-regulation to steer actions [17].

With respect to vaccination, normative behavioural models are
commonly used for explaining people’s vaccination decisions, pre-
suming that in deciding to be vaccinated or not, people trade off
risks and benefits based on the characteristics of the disease and
available vaccine [20,21]. However, increasingly studies indicate
that vaccination decisions do not completely follow such a rule-
based reasoning process, and that unconscious, heuristic and affec-
tive processes are needed to understand vaccination decisions.
Studies have suggested that vaccination decisions can be facilitated
by following a doctors’ recommendation, representing an external
cue or heuristic that enables quick judgement and decision-
making, particularly among individuals with high levels of trust
in their doctors [22,23]. There is evidence that affective processes
have a greater influence than do cognitive risk estimates in shaping
individual vaccination decision-making [24,25]. In addition, indi-
vidual vaccination decisions can be shaped by the vaccination
choices of others in one’s social networks [26,27]. The vaccination
uptake of others in a community provides three external cues that
help shape individual vaccination decisions. First, vaccination cov-
erage indicates uptake and thereby how acceptable the vaccination
is to community members (descriptive norm). Thus, with increas-
ing, and importantly, visible, vaccine uptake, individuals may
increasingly conform to group trends in vaccination decisions, an
‘‘imitate-the-majority” strategy [27,28]. Second, late vaccinators
rely on early vaccinators to validate a vaccine’s safety, adopting a
wait-and-see strategy in vaccination decisions if only a minority
of the community is vaccinated [26]. Third, as increasing numbers
in the community are vaccinated, the probability of unvaccinated
individuals encountering infected people declines. If vaccination
coverage of the population is sufficiently high, those who remain
unvaccinated may free-ride on herd immunity, avoiding any
vaccination-associated costs, assuming that these individuals
understand herd immunity [26,29].

1.2. Priming and behavioural change

Dual-process models of decision-making highlight the possibil-
ity of activating automatic heuristic and affective processes by pro-
viding external cues, priming, to change information processing
and possibly behaviour [30]. Instead of exerting a direct effect on
behaviours, such cues affect behaviours by activating ‘‘situated
conceptualizations” [31], the automatic mental associative net-
works established over time through experience [32]. Once such
associative networks have been encoded in memory, activating
any elements of the associations with priming stimuli (cues) auto-
matically activates other associative elements in the network,
leading to unconscious effects on judgment and behaviours [32].
For instance, providing a ‘‘clean and fresh” citrus smell, an element
associated with cleanness in memory, successfully improved hand
hygiene compliance among health professional [33]. This may
reflect the priming stimuli automatically activating implicit affect
associated with goals or end states and their associations with
the desired behaviours, thereby influencing behaviours [34]. Addi-
tionally, when specific mental associations are activated, other
competing schemas are relatively inhibited due to limited atten-
tion capacity, which leads to bias in information processing and
affects subsequent judgement and behaviours [35].

During influenza pandemics, information about both influenza
and vaccination risk are widespread in, often sensationalized,
media content competing for public attention [36]. There was evi-
dence that public attention to, perception of disease risk and deci-
sion for vaccination during influenza pandemic followed media
coverage rather than epidemiologic curve of the disease [37,38].
In addition, exposure to negative information about vaccination
from media was associated with later expression of negative opin-
ions about vaccination, perceived greater vaccine risk or refusal of
vaccination [39–41]. All these studies examined the influence of a
routine pattern of exposure to specific risk information (e.g. people
exposed to specific risk information in a certain period through
particular sources) on vaccination decision. However, it is also pos-
sible that immediately before vaccination happens, individuals
change their judgement and vaccination choice due to incidental
exposure to brief information about influenza or vaccine risk which
automatically activates their existing mental associations or impli-
cit affect associated with influenza/vaccination. That is the priming
effect. When automatic associations with influenza risk are acti-
vated, this may inhibit competing associations with vaccination
risk, biasing attention towards influenza risk and subsequently
vaccination decision, and vice versa. This is significantly important
for promoting vaccination uptake because it means that giving
brief information about influenza risk in healthcare settings where
vaccines are readily available may cue real-time decision for vacci-
nation uptake among individuals who visit these settings for other
reasons. However, such effect and its potential mechanisms are yet
to be empirically tested.

1.3. Discrete choice experiment

Discrete choice experiment (DCE) is commonly used in health
care implementation research [42]. It decomposed medical inter-



4126 Q. Liao et al. / Vaccine 37 (2019) 4124–4132
vention, like vaccination program, into different attributes, such as
vaccine efficacy and cost, each attribute being further character-
ized by attribute levels (e.g. vaccine efficacy of 40%, 60% or 80%)
[42]. DCE presents a series of choice sets, and how people trade-
off among different attributes and levels indicates the relative
importance of the attributes and attribute levels on decision pref-
erence. Existing DCE studies examining vaccination decisions
mostly focus on how individuals traded off attributes relevant to
the disease and vaccine provided [43,44]. Two DCE studies exam-
ining public acceptance of vaccination in hypothetical pandemics
included attributes relevant to social cues (advice from others
and tone of media reports) [45,46]. However, none examined
how vaccination preference changed as a function of increasing
population vaccination coverage, an important social cue in vacci-
nation decisions [10,26,27]. This study would add to existing
knowledge by examining the relative importance of attributes rel-
evant to the disease and vaccine as well as those relevant to exter-
nal social cues on vaccination decision.

1.4. Research objectives and hypotheses

This study combined DCE and priming manipulation to examine
(1) the relative effects of varying decision determinants on vacci-
nation choice, (2) if the relative effects of these determinants on
vaccination choice vary by priming condition (i.e. exposure to brief
specific risk information).

For the first objective, based on current theories of vaccination
decisions and relevant empirical studies [20–27], seven attributes
were suggested to be key determinants of vaccination decision:
two disease-relevant attributes (susceptibility (influenza Infection
Probability: ease of infection) and severity (influenza CFR: the
probability of death once infected), three vaccine-relevant attri-
butes (Vaccine Efficacy, Vaccine Safety and out-of-pocket Vaccina-
tion Cost), and two attributes indicating external social cues
(Doctors’ Advice and Community Vaccination Coverage Rate
(CVCR)) (Table 1). We hypothesize that i. Probability of choosing
vaccination increases with the increases in Infection Probability,
CFR, Vaccine Efficacy and Vaccine Safety, doctors’ encouragement,
and the decrease in Vaccination Cost, and; ii. Probability of choos-
Table 1
Attributes and their relevant levels included in the discrete choice experiment.

Attributes Level of the attribute

Infection probabilitya 5%
10%
20%
30%

Case-fatality ratiob 0.1%
0.2%
2%
10%

Vaccine safety Safe with mild side effects (similar to seasonal
influenza vaccine)
Uncertain, it is a new vaccine

Vaccine efficacy 50%
80%

Out of pocket cost of the
vaccination

HK$0
HK$100 (US$12.8)
HK$200 (US$25.6)
HK$300 (US$38.5)

Community vaccination
coverage rate

5%
30%
60%
80%

Doctors’ advice Neutral/no opinion
Encourage

a The proportion of those who are infected over the total number of those who
expose to the virus.

b The proportion of those infected who die from the infection over the total
number of confirmed cases of infection.
ing vaccination follows an n-shaped curve, initially rising to an
apogee, thereafter falling as a function of increasing CVCR; and
iii. External social cues (doctors’ encouragement and CVCR) are
more important than vaccine-relevant attributes in determining
vaccination choice. Since the relative effects of disease-relevant
attributes depends on pandemic severity, the effects of disease-
relevant attributes relative to other attributes were examined
across pandemics of two severity levels: the 2009 influenza A/
H1N1-like (mild) pandemic and the influenza A/H5N1-like (severe)
pandemic. We hypothesize that vaccine-relevant attributes are
more important than disease-relevant attributes for a mild pan-
demic but become less important than disease-relevant attribute
for a severe pandemic, for determining vaccination decision.

For the second objective, four video clips (each �2 min’ dura-
tion) were developed to represent four priming conditions: one
control (non-risk related), one disease (influenza) risk prime, one
intervention (vaccine) risk prime and one non-specific (air pollu-
tion) risk prime. The non-specific risk priming condition was
included as an irrelevant risk prime that may activate a mental
schema/affect unrelated to the desired behaviour (influenza vacci-
nation) but a mental schema linking to concerns about health. A
prime’s ability to induce the desired behaviour possibly depends
on the strength of the link between the prime-activated mental
schema and the desired behaviour [47]. Therefore, we assume that
the non-specific risk prime will bias attention to neither influenza
nor vaccine risk in vaccination decision. For influenza-risk and
vaccine-risk priming conditions, we hypothesize that compared
with Control participants, influenza-relevant attributes for partici-
pants primed by influenza risk while vaccine-relevant attributes
for participants primed by vaccine risk will be more important in
determining vaccination choice.
2. Methods

2.1. DCE questionnaire

The chosen attributes were first validated against findings from
a local study on pandemic vaccine acceptance [10], a pilot study,
and finalized by the research team (Table 1). Levels of each attri-
bute were selected to ensure that they were realistic for real-life
situations and that the difference between the lowest and largest
attribute levels was sufficient to capture participants’ attention
(Table 1). From all possible attribute profiles (4 � 4 � 2 �
2 � 4 � 4 � 2 = 2048 hypothetical profiles based on levels of each
attribute in Table 1), a fractional factorial design based on orthog-
onal arrays (ORTHOPLAN procedure, IBM SPSS Statistics for Win-
dows, Version 22.0) was used to select 32 hypothetical profiles.
Each hypothetical profile describes one hypothetical vaccination
programme scenario during specific pandemic using the chosen
attributes and attribute levels. These 32 selected hypothetical pro-
files were used to construct16 choice sets, each comprised two
hypothetical profiles (Scenario A and Scenario B). For each choice
set, participants were asked about their vaccination choice prefer-
ence in Scenario A versus Scenario B. If participants show no pref-
erence for either scenario, they can choose ‘‘Neither A nor B” (the
‘‘opt-out” option). To minimize disinterest and response fatigue,
two versions of the questionnaire were created by randomly
assigning the 16 choice sets to either version. Therefore, each ver-
sion covered eight main choice sets plus one choice set within
which probability of choosing vaccination is logically greater in
Scenario A than in Scenario B for rationality test, prior to the main
choice sets (S1). We assumed probability of choosing vaccination
was logically greater in Scenario A in the choice set for rationality
test because compared with Scenario B, Scenario A was character-
ized by a severer pandemic (with greater Infection Probability and
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CFR), greater Vaccine Efficacy and Vaccine safety but lower Vacci-
nation Cost, and that the vaccine was recommended by doctors,
while CVCR held the same across the two scenarios. This extra
choice set for rationality test was included to identify participants
being potentially ‘irrational’ or not able to understand the choice
tasks. Participants who ‘failed’ in the rationality test (choosing vac-
cination in Scenario B rather than A) would be excluded for the
sensitivity analysis.

2.2. The primes

The control video showed a drive through natural scenery,
minus audio or text. The contents of the three risk-priming video
clips were constructed based on relevant information from the offi-
cial websites of World Health Organization, Hong Kong Center for
Health Protection and local newspaper reports. Each was presented
as a television news report. Specifically, the disease risk prime
described health consequences of influenza infection from mild
to severe and ease of interpersonal transmission; the intervention
risk prime described potential side effects of influenza vaccination,
ranging from common mild side effects to rare serious conse-
quences, as well as media-derived controversy over vaccine safety,
and; the non-specific risk prime described the seriousness of local
air pollution and potential health consequences. In all three risk
primes information was presented in equal graphical, audio and
textual formats. All videos made no mention of herd immunity.
To assuage any residual concerns over vaccine safety, participants
in the intervention risk-priming condition each received a post-
study debriefing on the purpose of the video after completing the
survey. Pilot testing was conducted to ensure that the risk priming
videos were more threatening than the control before they were
formally used in the study, because it is suggested that emotional
valence of threatening stimuli is automatically evaluated very
early during information processing [48], which consequently acti-
vates associated mental schema, creating bias toward the threat
during subsequent information processing stages [49]. However,
materials evoking strong fear were avoided to prevent stimulus
avoidance responses [50,51].

2.3. Participants and procedure

Chinese-speaking and literate Hong Kong residents (aged
�18 years), comprising over 90% of the adult population of Hong
Kong were recruited. Since influenza vaccination history is one
important predictor of future influenza vaccination behaviour
[10,52] and ever influenza vaccination uptake rate was low
(�20%) among general Hong Kong adults, we excluded subjects
reporting prior influenza vaccination as adults. Eligible subjects
were recruited from public venues and non-government organiza-
tions distributed over the 18 districts of Hong Kong. All data collec-
tion occurred between December 2015 and December 2016.
Following fully-informed written consent, participants were ran-
domly allocated, based on study recruitment order, to one of the
three risk-priming or the control conditions. Having viewed the
assigned video, they were randomly allocated to complete one of
the two versions of the DCE questionnaire. Thereafter, all partici-
pants completed the same survey part which in addition to demo-
graphic information, they were asked to complete questions about
the video they viewed using the Self-Assessment Manikin (SAM)
[53], one item assessing feeling of threat regarding the video they
viewed, and three items assessing degree of risk-specific (influen-
za, vaccination and air pollution) worry (Appendix Table 1). The
procedure was tablet-assisted (Samsung Galaxy Tab Pro 10.1, 16
GM). This study received prior ethical approval from the Institu-
tional Review Board of the University of Hong Kong and Hospital
Authority Hong Kong West Cluster.
2.4. Data analysis

Mixed logit modelling was used to assess the preference weight
for each attribute or attribute level in determining vaccination
choice preference under each priming condition (Eq. (1)). This
model can accommodate individual-specific variation in prefer-
ence and allow correlation within subjects over repeated choices
[54]. The preference weights represent the implicit relative impor-
tance attached to each attribute level when evaluating alternatives.
Probability of infection, CRF and out-of-pocket cost of the vaccina-
tion were coded as linear terms because their preference weights
increased with their attribute levels in pre-testing for linear con-
tinuous effects.
Vi ¼ b0þ b1 \Infection Probability"þ b2 \Case

� Fatality Ratio"

þ b3 \Vaccine Safety"ðuncertain vs: mild side effectsÞ
þ b4 \Vaccine Efficacy"ð80% vs: 50%Þ
þ b5 \Community Vaccination Coverage Rate"ð30% vs: 5%Þ
þ b6 \Community Vaccination Coverage Rate"ð60% vs: 5%Þ
þ b7 \Community Vaccination Coverage Rate"ð80% vs: 5%Þ
þ b8 \Vaccination Cost"

þ b9 \Doctors’ Advice"ðencourage vs: \no opinion"Þ
þ error

ð1Þ
In the equation, ‘‘i” represents the choice alternative; Vi repre-

sents the utility from each choice that respondents attribute to
influenza vaccination; b0 is a constant reflecting respondents’ pref-
erence for accepting flu vaccination relative to ‘‘declining vaccina-
tion in both scenarios (the opt-out choice)”; b1–b9 are coefficients
of the attributes indicating the relative weights (preference
weights) respondents place on given attribute levels. A significant
(p < 0.05) coefficient in the model means that individuals differ
between one attribute level and the reference level in making sta-
ted choices. The main model (Eq. (1)) was first tested for each of
the four conditions. To test the interaction effects between video
type and attributes on vaccination choice preference, three dummy
variables were generated to represent each of the three risk-
priming videos. Then interaction terms between risk video type
and particular attributes were included into the main model (Eq.
(1)) for the whole sample to examine potential priming effects.
The models across the four conditions were compared against
log-likelihood, Akaike Information Criterion (AIC), and McFadden
R-square to assess goodness of fit [54]. A sensitivity analysis was
conducted by re-running the main model for each condition and
the main model with interactions among whole samples excluding
participants who ‘failed’ the rationality test.

The relative importance of attributes in determining vaccina-
tion preference under each condition was evaluated by directly
comparing their respective preference weights from the above
mixed logistic models, and by calculating their relative contribu-
tions to vaccination choice in a case of 2009 influenza A/H1N1-
like pandemic (probability of infection: 10%; case-fatality ratio:
1%) [4] and a case of influenza A/H5N1-like pandemic (probability
of infection: 30%; case-fatality ratio: 20%) [5], respectively. This
was done by dividing the difference in coefficient values between
the highest and lowest level of that attribute by the sum of the dif-
ferences of all attributes included in the experiment [45], with vac-
cination cost being set to zero. Statistical analyses were conducted
using R version 3.4.0 (The R Foundation for Statistical Computing
Platform, 2017).
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3. Results

3.1. Participants

Eight hundreds participants completed the questionnaire with
�200 being allocated to each of the four conditions: control
(N = 200), disease (influenza) risk (N = 201), intervention (vaccine)
risk (N = 201) and non-specific (air pollution) risk (N = 198). The
influenza risk-primed participants included slightly fewer females
while those primed by vaccine risk comprised slightly more better-
educated participants compared to Control participants, but age,
birth place, marital status, and household incomewere comparable
across the four conditions (Table 2). The whole sample was compa-
rable to the adult population of Hong Kong [55] in terms of gender
(effect size (z) = 0.26), age (z = 0.20) and educational attainment
(z = 0.25) distributions [56].

3.2. Rated threatening, affective valence and affective arousal of the
risk priming videos

All three risk priming videos were rated to be significantly more
threatening, more negative in affective valence and more affec-
tively arousing than was the control video (Appendix Table 1). In
addition, the non-specific risk priming video was rated to be signif-
icantly more threatening, more negative in affective valence and
more affectively arousing than both the influenza and vaccine risk
priming videos (Appendix Table 1). Reported risk-specific (influen-
za, vaccine and air pollution) worry was not significantly different
across the four conditions or between any two conditions (Appen-
dix Table 1).

3.3. Frequency of choice across choice set and version of the DCE
questionnaire

Each of the two versions of the DCE questionnaire was com-
pleted by around 50% of the participants. The proportion of partic-
ipants completing either version of the DCE questionnaire did not
significantly differ by priming condition. Participants who com-
pleted the two versions of DCE questionnaire did not differ by their
demographics and their frequency of choosing Scenario A, Scenario
Table 2
Characteristics of the whole sample and participants across the four priming/control cond

Control
(N = 200)

Influenza risk
(N = 201)

Vac
(N

Female 73.0% 57.2%b 66.
Age group (years)
18–34 32.0% 36.3% 31.
35–54 35.5% 32.8% 37.
�55 32.5% 30.8% 30.

Education
�Primary 17.0% 17.4% 15.
Secondary 52.0% 41.3% 41.
�Tertiary 31.0% 41.3% 43.

Birth place
Hong Kong 55.5% 63.2% 60.
Other places 44.5% 36.8% 39.

Marital status
Never married 29.0% 32.3% 32.
Married or once married 71.0% 67.7% 67.

Household income (HK$)d

<10 K 28.0% 24.4% 25.
10–20 K 33.0% 26.9% 24.
20–40 K 20.5% 28.4% 25.
>40 K 18.5% 20.4% 24.

a p < 0.05.
b p < 0.01; indicating differences between the risk-priming conditions and the contro
c Indicating differences across the four conditions based on Pearson Chi-square test.
d HK$1 = US$0.128.
B or Neither in the rationality test. The frequencies of participants’
choice across different choice sets and the two versions of DCE
questionnaires are shown in Appendix Table 2. In the rationality
test, over 80% of the participants chose vaccination in Scenario A
for which vaccination probability was logically assumed to be
greater than was it for Scenario B. Participants who chose Scenario
B in the rationality test did not differ from other participants in
terms of gender, age and educational attainment. For the main
DCE choice tasks, 17.9–73.5% of the participants chose either Sce-
nario A or Scenario B for vaccination.
3.4. Attribute (level) preference weights by priming condition

Across the four conditions, all attributes were significantly asso-
ciated with vaccination choice preference (Table 3). In each condi-
tion, probability of choosing vaccination increased with the
increases in influenza Infection Probability, influenza CFR, and Vac-
cine Efficacy, with Doctors’ Recommendation, with Vaccine Safety
changing from ‘‘uncertain” to ‘‘mild side effects”, and with a
decrease in Vaccination Cost. Probability of choosing vaccination
increased as CVCR increased from 5% to 30% and from 30% to
60% but subsequently declined as CVCR further increased from
60% to 80% across all conditions. Although vaccination preference
weight remained significant as a CVCR increased by 80% relative
to a CVCR of 5% for Control participants, and participants primed
by influenza risk and air pollution risk, it became insignificant for
participants primed by vaccine risk. Whole sample analyses com-
bining all four conditions examined the interaction effects between
each risk video and different attributes, indicating a significant
interaction between CVCR of 80% and vaccine-risk priming
(b = �0.29, p = 0.046), and between CVCR of 80% and air-
pollution-risk priming (b = 0.35, p = 0.016) in influencing vaccina-
tion choice. These interaction effects indicate that compared with
Control participants, a CVCR increased by 80% had smaller
(insignificant) effect on vaccination choice for participants primed
by vaccine risk but a greater (significant) positive effect on vaccina-
tion choice for participants primed by non-specific risk. There was
no significant interaction effect between video type and other
attributes. The sensitivity analysis that re-ran the same mixed logit
modelling for the whole sample and each priming condition after
itions.

cine risk
= 201)

Air pollution risk
(N = 198)

Differences by
condition (p)c

Total
sample

2% 64.1% 0.011 65.1%

8% 26.8% 0.583 31.8%
8% 38.4% 36.1%
3% 34.8% 32.1%

4%a 17.7% 0.211 16.9%
3%a 43.4% 44.5%
3%a 38.9% 38.6%

2% 53.5% 0.191 58.1%
8% 46.5% 41.9%

8% 28.3% 0.682 30.6%
2% 71.7% 69.4%

4% 26.8% 0.475 26.1%
4% 30.8% 28.8%
9% 23.7% 24.6%
4% 18.7% 20.5%

l condition based on Pearson Chi-square test.



Table 3
Preference weights of attributes in overall and across the four risk-priming conditions.

Attribute and attribute level Control (S.E.) Influenza risk (S.E.) Vaccine risk (S.E.) Air pollution risk (S.E.) Whole sample (S.E.)

Infection probability (per 10% increase) 0.43 (0.11)c 0.44 (0.10)c 0.48 (0.10)c 0.39 (0.11)c 0.32 (0.05)c

Case-fatality ratio (per 10% increase) 1.30 (0.23)c 1.10 (0.21)c 0.95 (0.22)c 0.70 (0.20)c 0.76 (0.09)c

Vaccine safety (reference level: mild)
Uncertain �0.90 (0.16)c �0.41 (0.12)c �0.52 (0.14)c �0.48 (0.15)b �0.40 (0.06)c

Vaccine efficacy (reference level: 50%)
80% 1.60 (0.20)c 1.20 (0.19)c 1.41 (0.20)c 1.76 (0.24)c 1.19 (0.09)c

Community vaccination uptake rate (reference level: 5%)
30% 0.64 (0.18)c 0.33 (0.16)a 0.39 (0.17)a 0.51 (0.18)b 0.38 (0.08)c

60% 0.94 (0.18)c 1.00 (0.18)c 0.89 (0.18)c 1.39 (0.21)c 0.90 (0.08)c

80% 0.65 (0.17)c 0.39 (0.15)b 0.20 (0.16) 0.77 (0.17)c 0.44 (0.07)c

Doctors’ advice (reference level: Neutral no opinion)
Encourage 0.86 (0.14)c 0.73 (0.13)c 0.56 (0.14)c 0.91 (0.17)c 0.63 (0.06)c

Vaccination cost (per HK$100 increase) �0.32 (0.05)c �0.29 (0.05)c �0.30 (0.05)c �0.34 (0.05)c �0.27 (0.02)c

Log-likelihood �1241.90 �1272.40 �1287.00 �1207.60 �5105.20
AIC 2577.81 2638.83 2668.07 2509.24 10304.35
McFadden R-square 0.16 0.15 0.15 0.17 0.14

Note: Numbers outside of the parentheses are the coefficients of the mixed logit models representing preference weight coefficient. S.E., Standardized Error; AIC, Akaike
information criterion.

a p < 0.05.
b p < 0.01.
c p < 0.001.
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excluding participants who ‘failed’ the rationality test indicates no
change to the conclusions (Appendix Table 3).

3.5. Relative importance of attributes across priming conditions and
pandemic severity

Across the four conditions, each 10% increase in influenza CFR
had a greater effect on vaccination choice compared with each
10% increase in Infection Probability (Table 3). Based on the prefer-
ence weights shown in Table 3, the influence ratio (relative impor-
tance) of influenza CFR (each 10% increase) to Vaccine Safety
(‘‘uncertain” relative to ‘‘mild”) was 1.44 (1.30/0.90) for Control
participants, 2.68 (1.10/0.41) for influenza risk-primed partici-
Fig. 1. The relative importance of attributes for vaccination preferen
pants, 1.76 (0.95/0.52) for vaccine risk-primed participants and
1.46 (0.70/0.48) for non-specific risk-primed participants. This
indicates that disease risk priming may have increased the impor-
tance of disease-relevant attributes relative to that of vaccine-
attributes when individuals made trade-off in decision making.
The relative importance of attributes in determining vaccination
preference during a mild (2009 A/H1N1-like) pandemic and a sev-
ere (A/H5N1-like) pandemic across the four conditions is shown in
Fig. 1. It shows that regardless of pandemic severity, Vaccine Effi-
cacy was more important than external cues (Doctors’ advice and
Community Vaccination Coverage) in determining vaccination
choice but a CVCR increasing from 5% to 60% was more important
than Vaccine Safety in determining vaccination choice across the
ce across the four priming conditions by level of pandemic risk.
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four conditions. Across all four conditions, Doctors’ Recommenda-
tion appeared to compensate the negative effects of ‘‘uncertain”
Vaccine Safety in this community. Fig. 1 also showed that com-
pared with the total contribution of disease-relevant attributes
(Infection Probability and CFR), the total contribution of vaccine-
relevant attributes (Vaccine Efficacy and Vaccine Safety) were
higher for a mild pandemic but was lower for a severe pandemic,
in determining vaccination choice across all four conditions. When
CFR was as high as 20%, it became the most important attribute for
determining vaccination choice compared with other attributes
included in the experiment.
4. Discussion

Overall, the findings were consistent with our hypothesis that
increases in influenza Infection Probability, CFR, Vaccine efficacy
and Vaccine Safety, Doctors’ encouragement and decrease in Vacci-
nation Cost were significantly associated with increased probabil-
ity of choosing vaccination. The significant effects of disease and
vaccine characteristics and external cues on vaccination choice
indicate that vaccination decision making follows the dual-
process models rather than the pure normative behavioural mod-
els. While a growing number of studies used DCE to examine the
relative importance of key determinants on vaccination preference
[43,44], our study was the first report of how probability of choos-
ing vaccination changes as CVCR increased in a DCE. The result is
also consistent with our hypothesis that regardless of priming con-
ditions, probability of choosing vaccination increases with greater
CVCR to reach an apogee at an uptake rate of 60%, indicating that
crowd-sourcing ‘‘imitate-the-majority” strategy is used as a
heuristic for vaccination decisions [27]. However, thereafter, vacci-
nation probability declines as CVCR further increases to 80%, indi-
cating a growing preference for individuals to avoid vaccination
when community uptake is sufficiently high to generate herd
immunity, and where the likelihood of personal exposure to infec-
tion falls significantly. This suggests the use of the ‘‘risk-riding”
strategy in vaccination decision [26,29]. This is interesting because
even in the absence of a formal explanation of herd immunity
there may be an intuitive grasp of the community benefits of mass
immunity and chances to minimize risk to self may be maximized.
4.1. Relative importance of attributes in determining vaccination
choice

Consistent with one previous study [43], each 10% increase in
influenza CFR was far more influential on vaccination choice than
was an equivalent increase in Infection Probability regardless of
priming conditions, suggesting that individuals value conse-
quences much more than risk probability. Although the ‘‘value-
expectancy models” propose that both probability and severity of
outcomes are important for determining personal behavioural
choice, these models do not differentiate the impacts of high-
probability and low-dread outcomes versus low-probability and
high-dread outcomes on individual behaviours whereas the latter
is usually more impactful on public perceptions and behaviours
[57]. This is a limitation of the ‘‘value-expectancy models”. Across
the four conditions, Vaccine Efficacy had a greater effect on vacci-
nation choice compared with social cues. This is not consistent
with our hypothesis, suggesting that individual decision making
for vaccination is dominantly guided by a deliberative and rea-
soned assessment of the behavioural benefits rather than heavily
relying on external cues. However, in consistent with our hypothe-
ses, regardless of priming conditions, both a CVCR increasing from
5% to 60% and Doctors’ Recommendation could compensate the
negative effect of ‘‘uncertain” vaccine safety on vaccination choice.
This suggests that when vaccine safety is uncertain, external cues
such as others’ vaccination uptake and doctors’ recommendation
can be used as the proxies to validate vaccine safety or how to
behave is appropriate (or socially acceptable). Consistent with
our hypothesis, for a relatively mild pandemic similar to the
2009 influenza A/H1N1 pandemic, disease risk is less important
than vaccination safety and efficacy in determining vaccination
choice. This means that during a mild pandemic, it is difficult to
encourage vaccination uptake among the general public when
the safety of a new vaccine is usually perceived to be uncertain
due to insufficient time and practice to validate its safety [21].
Likewise, for an A/H5N1-like severe pandemic, disease risk can
override the effect of ‘uncertain’ vaccine safety, becoming domi-
nant among all attributes included in this experiment in influenc-
ing vaccination choice. This may reflect the influence of a affective
process triggered by the high probability and dreadful risk on
behavioural response [58].

4.2. Priming effect

Compared with Control participants, the relative importance of
influenza risk (Infection probability and CFR) to Vaccine Safety was
greater for participants primed by influenza risk, suggesting poten-
tial priming effects on information processing and subsequently
behavioural choice [30]. However, effects of disease-relevant attri-
butes were not significantly interacted with the priming condition,
suggesting that instead of increasing participants’ attention to dis-
ease risk and thereby its effect on vaccination choice, the disease
risk priming may work to affect the tradeoff between disease and
vaccine risk. For participants primed by vaccine risk, the effect of
vaccine risk on vaccination choice or its effect relative to that of
influenza risk was not greater than was that for Control partici-
pants. However, for participants primed by vaccine risk, a CVCR
increasing from 5% to 80% was not significantly associated with
probability of choosing vaccination while the same association
was greater and significantly positive for Control participants. This
suggests that although the vaccine risk priming cannot increase
the effect of vaccine risk on vaccination choice by increasing par-
ticipants’ attention to vaccine risk, it can significantly change par-
ticipants’ decision-making process for vaccination decision. That is,
to avoid vaccination risk by free riding on herd immunity when
perceiving that probability of personal infection declines signifi-
cantly, reflecting more deliberate thoughts when trading off risk
between disease and vaccine. The positive interaction effect
between non-specific (air pollution) risk priming and a CVCR of
80% in determining vaccination choice was unexpected. This inter-
action effect indicates that compared with Control participants, a
CVCR increasing from 5% to 80% had significantly greater and pos-
itive effects on vaccination choice for participants primed by non-
specific risk. The non-specific risk priming video was rated to be
significantly more threatening, more negative in affective valence
and more affectively arousing than other three videos though
reported risk-specific worry was not higher in the non-specific risk
priming group. It is possible that participants primed by the non-
specific risk had more implicit concern over their health risk which
increases their tendency to follow the normative behaviour (what
the majority do in the community) to reduce their concern or gain
some sense of control over risk. However, this explanation needs
future experimental testing. Overall, these findings suggest that
risk-specific priming seems not to directly increase the importance
of specific attributes on vaccination decision but affect the
decision-making strategies such as increasing the relative weight
of specific risk attributes when individuals trade off risk between
the disease and the intervention. This is possibly because that
the implicit risk-specific affect inducted by the priming interven-
tion may interact with the conscious and deliberative process in
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decision making for vaccination. However, since this study did not
assess participants’ implicit affect after the intervention, despite
more affectively loaded videos were used as the priming interven-
tions, this explanation awaits testing in future studies.
4.3. Study limitations

Our study has several limitations. First, participants were quasi
randomly allocated to either the control or the risk-priming condi-
tions based on time of study entry, resulting in marginally unbal-
anced sample profiles for different conditions. Second, as this
study excluded subjects who had ever taken any influenza vaccina-
tion since adulthood, the findings may not be applicable to those
who have a history of influenza vaccination though this group
accounts for only around 20% of the adult population. Third,
despite all participants completed the DCE in a relative quite envi-
ronment to ensure that videos could be clearly viewed and heard,
potential distraction of external noise was difficult to eliminate,
and may have influenced the results. Furthermore, the context of
the experiment was still different from an actual pandemic when
explicit emotion (e.g. anxiety) about the disease may override
the cognitive decision making process.
5. Conclusion and implication

First, the findings highlight the importance of high vaccine effi-
cacy in determining vaccination choice, in particular for influenza
with relatively low probability of severe consequences. This may
be an important reason for the generally low uptake rates of vacci-
nation against seasonal influenza in many countries [8,10,59],
because for many seasonal influenza vaccine efficacy was per-
ceived to be low due to variability of age-specific vaccine efficacy,
whether the vaccine strains can match the dominant circulating
virus strains, and misunderstanding that the vaccine could protect
against all influenza-like illnesses including common cold [60].
Therefore, to encourage vaccination against seasonal influenza, it
is important to highlight the social benefits of high vaccination
uptake rates for the community, disclose experts’ accuracy in pre-
dicting the dominant circulating influenza virus strains and clarify-
ing that the vaccine mainly protects illnesses caused by influenza
viruses. Second, during a pandemic with a relatively low CFR such
as the 2009 influenza A/H1N1 pandemic, even vaccine efficacy was
perceived to be high, feeling uncertain about the safety of a new
vaccine could become a major barrier for encouraging vaccination
uptake [10,21]. Experts’ risk estimate is usually based on the high
probability of infection and thereby a substantial disease burden
for the whole population, the indirect social costs due to societal
responses to the disease, and the predicted severer consequences
of the second wave of the pandemic [61]. However, the general
public mainly perceived disease risk based on their experience
and the dreadfulness of the diseases (probability of fatal conse-
quence) in the first wave of the pandemic, which diverges from
the experts’ risk estimate. This means that in a pandemic with high
probability of infection but low probability of fatal consequence,
communicating more information about disease risk may not be
useful to encouraging vaccination uptake. Instead, addressing pub-
lic concerns over vaccine safety by involving doctors and early vac-
cine takers to validate the vaccine safety may be more effective to
encourage vaccination uptake. Third, for a pandemic with rela-
tively severe consequences specifically if the CFR is 20% or greater,
messages about the dreadful outcomes will become dominantly
important to shape vaccination choice. Forth, the findings about
the influence of increasing CVCR on individual vaccination choice
well integrated findings from other observational and modelling
studies [26–29], suggesting the strong influence of social cues on
vaccination uptake. Such influence suggests that while reporting
community vaccination uptake statistics showing increasing vacci-
nation coverage should help to encourage public vaccination
uptake during a vaccination campaign, above 60% coverage such
communication should be progressively minimized. This is possi-
bly one reason for the increased parental vaccine hesitancy regard-
ing their children’s vaccinations of which coverage rates are
already high [62]. Finally, our study indicates that brief exposure
to information about influenza/vaccine risk seems not effective
for increasing the effect of influenza/vaccine risk on vaccination
choice. However, it may change the relative weight of specific risk
when individuals trade off risk between disease and intervention.
Such priming effects should be differentiated from the effects of
exposure to intensive media coverage about disease risk and vac-
cine risk debates over a period during a real pandemic on individ-
ual vaccination choice. Instead, it is more relevant to the effect of a
brief discussion with doctors about influenza/vaccine risk or expo-
sure to a short message (video or leaflet) about disease/vaccine risk
during health care visit, which may affect individuals’ real-time
vaccination choice by changing their deliberative decision-
making process.
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