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ABSTRACT

Introduction Vaccine safety is a primary concern among
vaccine-hesitant individuals. We examined how seven
persuasive messages with different frames, all focusing
on vaccine safety, influenced Malaysians to accept the
COVID-19 vaccine, and recommend it to individuals with
different health and age profiles; that is, healthy adults, the
elderly, and people with pre-existing health conditions.
Methods A randomised controlled experiment was
conducted from 29 April to 7 June 2021, which coincided
with the early phases of the national vaccination
programme when vaccine uptake data were largely
unavailable. 5784 Malaysians were randomly allocated
into 14 experimental arms and exposed to one or

two messages that promoted COVID-19 vaccination.
Interventional messages were applied alone or in
combination and compared against a control message.
Outcome measures were assessed as intent to both

take the vaccine and recommend it to healthy adults, the
elderly, and people with pre-existing health conditions,
before and after message exposure. Changes in intent
were modelled and we estimated the average marginal
effects based on changes in the predicted probability

of responding with a positive intent for each of the four
outcomes.

Results We found that persuasive communication

via several of the experimented messages improved
recommendation intentions to people with pre-existing
health conditions, with improvements ranging from 4 to
8 percentage points. In contrast, none of the messages
neither significantly improved vaccination intentions,

nor recommendations to healthy adults and the elderly.
Instead, we found evidence suggestive of backfiring among
certain outcomes with messages using negative attribute
frames, risky choice frames, and priming descriptive
norms.

Conclusion Message frames that briefly communicate
verbatim facts and stimulate rational thinking regarding
vaccine safety may be ineffective at positively influencing
vaccine-hesitant individuals. Messages intended to
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Persuasive messages have been shown to influence
COVID-19 vaccination intentions, but evidence from
low and middle-income countries is limited.

= Little is known regarding the effect of persuasive
messages in influencing decisions to recommend
the COVID-19 vaccine, especially while considering
the health and age profile of the individual receiving
the vaccination recommendation.

WHAT THIS STUDY ADDS

= Persuasive messages that addressed vaccine safety
concerns using facts and statistics to stimulate ra-
tional thinking did not positively influence Malaysian
adults to take the COVID-19 vaccine or recommend
it to healthy adults and the elderly.

= Addressing vaccine safety concerns via persuasive
messages is appealing towards individuals who are
being nudged to recommend the COVID-19 vaccine

to people with pre-existing health conditions.

promote recommendations of novel health interventions
to people with pre-existing health conditions should
incorporate safety dimensions.

Trial registration number NCT05244356.

INTRODUCTION

The COVID-19 pandemic has sparked global
efforts to develop countermeasures against
SARS-CoV-2. One such measure lies with the
rapid research and development of effec-
tive COVID-19 vaccines' which are critical
to achieve impactful COVID-19 vaccination
campaigns.” Although credible vaccine infor-
mation from official sources is abundantly
available,g_6 vaccine-hesitant individuals risk
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HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR
POLICY

= In addition to providing verbatim facts and stimulating rational
thinking, messages addressing vaccine safety concerns to improve
vaccination intent should stimulate emotional reasoning and com-
municate the gist of the message convincingly.

= The decision to take up or recommend a health intervention is
based on perceived need that is derived from an internalised and
externalised risk-benefit assessment for oneself and others, re-
spectively, while accounting for individual health profiles.

= Persuasive messages that are intended to promote uptake of a
novel health intervention should incorporate safety dimensions
as a form of assurance for others to recommend it to people with
pre-existing health conditions, given that they may be perceived
as more susceptible to harms from adverse effects due to the

intervention.

compromising widespread vaccination” as they delay or
refuse to take a vaccine once it is made available.”

Vaccine safety remains one of the top concerns cited by
vaccine-hesitant individuals in Malaysia and abroad.”"
Thisisaggravated by misinformation regarding COVID-19
vaccine safety.13 Hence, a question that emerges is how
best to effectively communicate vaccine safety informa-
tion. A potential method stems from applying nudges,
which alters the choice architecture or information
context to encourage a particular behaviour."* One such
form involves using various frames of persuasive messages
to encourage behaviour change.' '

Multiple studies have experimented with persuasive
messages to influence COVID-19 vaccination inten-
tions. The use of goalframed messages that seek to
influence behaviour by highlighting benefits achieved
or lost depending on vaccination acceptance has been
widely explored.”_24 Dai et al used messages to reduce
barriers to schedule a vaccination appointment, provide
salient information about vaccine effectiveness, and issue
reminders that leveraged on psychological ownership.*®
Messages that detail information promoting personal or
collective benefits through vaccination have also been
explored.” Some studies have used social norms to moti-
vate individuals to take the COVID-19 vaccine with mixed
successes.? 27

Amidst this broad coverage of studies, few have found
messages that specifically address COVID-19 vaccine
safety to be effective among unvaccinated individuals.
Positive effects were observed when a risky choice framed
message was tested among employees of a healthcare
organisation through a personalised email message.”
However, results may not be generalisable to the public
as healthcare organisation employees may have higher
levels of health awareness. Barnes and Colagiuri also
observed positive effects with messages applying attribute
framing where vaccine side effect rates were framed posi-
tively or negatively.”’ However, they investigated booster
shot intentions among fully vaccinated individuals.

Based on current available evidence pertaining to
vaccine safety, there are several knowledge gaps. The
effects of attribute framing have yet to be explored
among individuals unvaccinated against COVID-19. Attri-
bute framing manipulates the descriptive valence of an
object or event and has been shown to affect the cogni-
tive and evaluation process of decision-making,” ™ which
potentially influences health-related behaviour.” ** *
Risky choice frames are another nudge technique that
describes the outcome of potential choices involving
differing levels of risk and can be applied to favour-
ably highlight a frame being evidently advantageous
when comparing competing frames.”® Although already
proven effective at influencing vaccination intentions,”
framing generic health messages that juxtapose vaccine-
related death rates or side effects against the COVID-19
disease has not been studied among the general public.
Descriptive norm messages have been widely studied in
the context of COVID-19 vaccination by communicating
that the majority are getting vaccinated, so that individ-
uals become psychologically convinced that vaccinating
is a societal norm deemed as effective and hence adopt
it.”” However, these messages have not been framed to
imply vaccine safety as a motivation for vaccination
among the majority. Additionally, using vaccinated health
authorities to imply vaccine safety and recommend the
vaccine has the potential of leveraging on authority
bias.”® For instance, the use of descriptive norms to high-
light medical consensus among medical professionals
regarding vaccine safety helped reduce risk perceptions
and improved attitudes towards the measles, mumps,
and rubella (MMR) vaccine.”® However, this effect has
not been thoroughly studied in an Asian context. Finally,
given that individual decision and behaviour are intrinsi-
cally linked to context and culture,*”™** there are reasons
to believe that vaccination nudges ought to be adapted
to low and middle-income countries (LMIC) such as
Malaysia. However, there exists a paucity of information
for using such nudges in LMICs, with most published
evidence originating from developed countries.'®

Furthermore, previous studies have widely investigated
nudges to influence personal interests to vaccinate one’s
self or own child'®* * rather than a person’s decision
to recommend vaccination. Although James et al did
investigate the effects of persuasive messages in recom-
mending a COVID-19 vaccine to a friend, they did not
consider the health or age profile of the person being
recommended.”’ Having a finer gauge on which group
of people have higher likelihoods to be recommended
is important especially in Asian communities who pay
special attention to advice sought from family and
friends with significance when making a health-related
decision.®

Therefore, we conducted an experiment in Malaysia
using various message frames intended to narrow the
current knowledge gaps. Our primary objectives were
to investigate whether persuasive messages focusing on
vaccine safety influenced the intention to take up the
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COVID-19 vaccine, and recommend it to healthy adults,
the elderly (individuals who are aged 60 and above), and
people with pre-existing health conditions. We hypothe-
sise that, compared with a control message, exposure to
a single message emphasising vaccine safety can signifi-
cantly improve intentions among individuals who are
initially hesitant to accept or recommend the vaccine.
Apart from examining single messages, we investigate the
effects of combining messages together to mimic a real-
world environment where people are exposed to multiple
messages. We hypothesise that, in contrast to the control
group, exposure to two persuasive messages will create
higher positive shifts in intent among hesitant individuals
compared with a single message exposure. Testing this
hypothesis allows us to determine if combining messages
will improve effectiveness from a higher message dose
effect,” or reduce effectiveness due to message interac-
tions causing a boomerang effect.

METHODS

Study design

We conducted a prospective 14-arm randomised
controlled experiment with a parallel design. The exper-
iment was conducted using a web-based survey that was
launched on a platform belonging to Dynata, an interna-
tional market research company based in America. The
company has an online survey panel composed of Malay-
sians who have signed up on the survey platform. Partici-
pants who complete a survey will receive reward points as
per Dynata’s policy.

Study participants and setting

The experimental survey was conducted from 29 April
to 7 June 2021 (more details about the COVID-19 situ-
ation in Malaysia during participant recruitment can be
found in the online supplemental material). The survey
was launched during the initial phases of the national
COVID-19 vaccination programme which targeted the
general adult population. Thus, data involving actual
vaccination uptake were largely unavailable as the
majority of the population were unvaccinated.*’ Partici-
pants were recruited from Dynata’s online survey panel.
Eligible participants were adult Malaysians aged 18 years
and above who could understand either the English or
Malay language and had not received any dose of the
COVID-19 vaccine. The latter criterion allowed us to
investigate the effectiveness of messages in an unvacci-
nated population, which is an important aspect prior to
any novel vaccination roll-out.

Sample size requirement was calculated based on a
logistic model to detect a small effect size of 0.1, with
the baseline proportion of people who definitely will
take the COVID-19 vaccine set at 0.67. This baseline
value was chosen based on the reported proportion of
Malaysians willing to accept the COVID-19 vaccine in a
national survey that was conducted before this study was
being planned.'? Sample size was calculated to be 318

respondents per arm, after setting power at 80% and
significance level at 0.05. Taking into account a 20%
dropout rate in the event of invalid responses, the esti-
mated sample size was 400 participants per arm. Partic-
ipants were recruited via stratified sampling based on
age, sex, ethnicity, and household income to obtain an
approximately population-representative sample (more
details about the stratified sampling can be found in the
online supplemental material).

All participants selected the language of their choice
and were then shown a page that described background
information about the study. They provided informed
consent by clicking on a button indicating agreement to
join the experiment.

Randomisation and masking

Enrolled participants were randomly allocated into a
particular experimental arm by Dynata through an auto-
mated computer randomisation system. This experiment
was double blinded whereby participants were unaware
of what interventional message was given to them and
investigators had no control over treatment assignment
as this aspect was completely handled by the market
research company.

Data collection and intervention

Sociodemographic variables that screened for inclu-
sion criteria and enabled stratified sampling during
experimental arm allocation were first collected from
approached participants. General attitude towards
vaccines was elicited from recruited participants as this
factor has been shown to significantly influence vaccine
uptake intent.** ** Attitude was elicited by measuring
the level of agreement (via a five-point Likert scale)
with two statements regarding the efficacy of vaccines
in protecting against serious diseases, and personal reli-
gious or cultural backing for vaccination. Participants
were also asked in the remaining sociodemographic
section whether they had refused to vaccinate their child
in the past. These questions were adapted from locally
conducted studies.”® * Participants were categorised
as having a potential negative attitude if they provided
responses indicating disagreement, uncertainty, or
refusal to any of those questions.

Participants were then asked a series of questions
related to their baseline intentions to accept and recom-
mend the COVID-19 vaccine before being randomly
assigned to an experimental arm. Participants were
exposed to either one or two messages from a selection
of eight different types of messages and were instructed
to read the message completely before clicking a button
to proceed to the next message or section. Each message
was calibrated to be on screen for at least 8 seconds
before the button becomes active to ensure participants
read the message without skipping. Table 1 describes the
content of each message and the corresponding nudge
technique that the content was incorporated with. The
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Table 1

Content of each experimental treatment message used along with the corresponding nudge technique employed

No Nudge technique Content

Message
code

1 Descriptive norm
Will you join them?
Source:

Around 70% of Malaysians said that they will get the COVID-19 vaccine.

DN(70%)

Ministry of Health, Malaysia; 31 December 20202

2 Descriptive norm

The COVID-19 vaccine was tested with thousands of people, including the DN

elderly, and people with existing health conditions.
Now, millions of people worldwide have received it.
When it’s your turn, you can be confident that it is safe and effective.

Source:

Kyriakidis et al. NPJ Vaccines. 2021 February 22;6(1):28%
John Hopkins Coronavirus Resource Center, USA®

8 Influence from a

Malaysia’s Health Director General, Dr Noor Hisham Abdullah, and 9 out of 10

HCW

government official and healthcare workers in Malaysia have received the COVID-19 vaccine.

health authority, and

descriptive norm Source:

They recommend that you get it too.

COVID-19 Immunisation Task Force, Malaysia; 23 February, 29 March 2021% %

4 Negative attribute
framing effects.

Source:

Only 4 out of 100 people who received the COVID-19 vaccine experienced side NF

Ministry of Health, Malaysia; 2 April 2021%

5 Positive attribute
framing any side effects.

Source:

96 out of 100 people who received the COVID-19 vaccine did not experience PF

Ministry of Health, Malaysia; 2 April 2021

6 Risky choice framing
(safety)
Source:

There are 0 deaths caused by the COVID-19 vaccines.
On the other hand, over 1400 people have died due to COVID-19 infections.

RC(S)

Ministry of Health, Malaysia; 18 March 2021°"

Crisis Preparedness and Response Centre (CPRC), Malaysia; 23 April 202

7 Risky choice framing

(side effects) blood clots.

Only 4 in 1 million people who received the COVID-19 vaccine experienced

198

RC(SE)

On the other hand, 200000 in 1 million people infected with COVID-19

experienced blood clots.
Source:

Torjesen. The British Medical Journal. 2021;373:n11005%
Malas et al. EClinicalMedicine. 2020 December; 29:100639.1%°

Get the COVID-19 vaccine.
It’s safe and effective!

8 Control message

Each message is assigned a code to ease referencing.

source of the information displayed is stated below the
message’s content to provide information credibility.
The control message was devoid of any nudge or
persuasive element and only displays a slogan that rallies
the reader to get the COVID-19 vaccine because it is safe
and effective. The other experimental messages began
with an opening tagline highlighting the main concern
that Malaysians have about the COVID-19 vaccine and
serves as a precursor for the following message content
which attempts to alleviate that concern. Each message
concludes with a rally slogan that is identical with the
control message. All messages were validated with at
least five people and went through a series of iterations
to ensure that the content was interpreted correctly

N/A

(details about the message design and examples of
actual messages can be found in the online supple-
mental material and figure S1, respectively). Messages
were also translated to Malay and similarly validated.

Our experiment presents a total of 14 arms. Participants
were exposed to one message in the first eight arms, and
two messages in the remaining arms. The control arm
was made a common comparator against all other exper-
imental arms. DN(70%) exposure was held constant in
arms that applied two experimental messages; that is,
arms 9-14. This message was made a constant because it
focuses on the Malaysian general public as the reference
group, making it the most personally relevant message to

4
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our survey’s target participants who are from the Malay-
sian public. Participants who received two messages were
exposed to one message at a time, with the sequence of
appearance being random.

After message exposure, participants were asked again
regarding their intentions to receive and recommend the
COVID-19 vaccine. Participants who were hesitant about
taking or recommending the vaccine after exposure were
asked about the possible reasons for such responses.
Lastly, the remaining sociodemographic variables such
as education level and history of contracting COVID-19
were collected.

Outcomes

Intent to accept the COVID-19 vaccine was elicited
by asking participants using a four-Likert scale with
responses ranging from ‘Definitely no’, ‘Not sure, but
probably no’, ‘Not sure, but probably yes’, and ‘Definitely
yes’. This scale was used to eliminate subjective ambiguity
and allows participants to express their intent in detail
which is capably determined as it involves an internalised
decision.”

Intent to recommend the COVID-19 vaccine was elic-
ited by asking participants to rate their level of agree-
ment with recommending the vaccine to three groups
of family members, namely healthy adults, elderly, and
members with any pre-existing health conditions. Family
members were chosen as a target character because they
are related to respondents, thus they can be interpreted
as unbiased responses regarding intent to recommend
the vaccine to each of the three studied groups. Partici-
pants rated their agreement via a five-Likert scale which
provided options of ‘Strongly disagree’, ‘Disagree’, ‘Not
sure’, ‘Agree’, and ‘Strongly agree’. This scale was chosen
to provide a neutral answer in the form of a ‘Not sure’
option, because the decision to recommend may influ-
ence the outcome of another individual, which may be a
difficult decision and thus warrant a neutral stance.

Our four study objectives were based on outcomes
measured at baseline and postintervention. Positive
intent was defined as responding ‘Definitely yes’ and
‘Agree’ or ‘Strongly agree’ for accepting and recom-
mending the vaccine, respectively. These responses indi-
cated no hesitancy towards the action in question whereas
the remaining options reflected uncertainty or refusal.

Statistical analyses

Summary statistics (frequency and percentages, mean
and standard deviation) of recruited participants’ demo-
graphics, attitude towards vaccines, and intent to accept
and recommend the COVID-19 vaccine in each experi-
mental arm were reported. Balance tests were conducted
to check if baseline characteristics were significantly
different between each experimental arm.

Since the responses for all four outcome measures
were ordinal in nature, we applied four separate gener-
alised ordered logistic regressions to estimate how each
experimental arm affected the propensity of selecting

a particular level of intent. Each regression model was
adjusted for general attitude towards vaccines and base-
line intent that corresponds to the outcome measure anal-
ysed. Generated regression models were subsequently
used to compute the average marginal effects of each
interventional arm relative to the control arm based on
changes in the predicted probability of responding with
a positive intent for each of the four outcome measures.
This provided an estimate behind the effectiveness and
probability change magnitudes exerted by experimented
messages. As post hoc analyses, we tested heterogeneous
treatment effects of age, sex, and education level to
investigate whether our intervention messages impacted
certain groups of individuals differently.

All results were reported and presented graphically
at the 5% significance level. However, to account for
multiple hypothesis testing, we adjusted our p values
by applying the sharpened false discovery rate method
and reported these together with the marginal effects
summary for all outcomes tested.”’ All analyses were
conducted using Stata V.16. This study was registered
on ClinicalTrials.gov (ID number: NCT05244356). An
author reflexivity statement was included to address the
international partnership that stemmed from this study
(the reflexivity statement can be found in the online
supplemental file 2).

Patient and public involvement

Patients or the public were not involved in the design,
or conduct, or reporting, or dissemination plans of our
research.

RESULTS

A total of 5784 participants were recruited into the
experiment. Each arm was assigned between 410 and 416
participants. Table 2 provides a summary of the sociode-
mographic characteristics of recruited participants while
figure 1 presents the experimental design flow chart.
Sampled participants were approximately representa-
tive of the Malaysian national population with regard
to sex, ethnicity, and household income.’? % However,
given that the experiment was conducted as an online
survey, the proportion of participants from the youngest
age group (ages 18-39) was 70% higher compared with
the national proportion.” Similarly, our sampled data set
was skewed towards more educated participants, with the
proportion of samples having education above secondary
level surpassing the national proportion by more than
threefold. However, all experimental arms were balanced
and showed no significant differences with respect to key
baseline characteristics. The average baseline proportion
of participants with positive intent in each arm to take
and recommend the COVID-19 vaccine to healthy adults,
the elderly, and people with health conditions was 61.6%,
84.9%, 72.7%, and 51.4%, respectively. Almost all partic-
ipants did not contract COVID-19 before. Summary
statistics of survey participants stratified according to
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Table 2 Sociodemographic characteristics of all recruited
participants (n=5784)

n (%)
Age group (years)
18-39 3635 (62.9)
40-59 1916 (33.1)
60+ 233 (4.0)
Sex
Male 2907 (50.3)
Female 2877 (49.7)
Ethnicity
Malay 3399 (58.8)
Chinese 1579 (27.3)
Indians 519 (9.0)
Natives to Malaysian Peninsula or 287 (5.0)
Malaysian Borneo
Total household income
T20 group (RM10 960 and above) 815 (14.1)
M40 group (RM4850-RM10 959) 2443 (42.2)
B40 group (below RM4850) 2526 (43.7)
Education
No formal education 26 (0.4)
Primary education (up to standard 6) 69 (1.2)
Secondary education (up to form 5) 1097 (19.0)

Form 6/certificate/diploma/A-level/pre- 1727 (29.9)
university course

Tertiary education (degree, master’s, 2865 (49.5)
PhD, DrPH)

Contracted COVID-19 before
Yes 60 (1.0)
No 5467 (94.5)
Not sure 257 (4.4)

Intention to accept COVID-19 vaccination

Definitely not 106 (1.8)
Not sure, but probably not 390 (6.7)
Not sure, but probably yes 1724 (29.8)
Definitely yes 3564 (61.6)
Recommend COVID-19 vaccine to
healthy adults
Strongly disagree 87 (1.5)
Disagree 185 (3.2)
Not sure 605 (10.5)
Agree 2833 (49.0)
Strongly agree 2074 (35.9)
Recommend COVID-19 vaccine to the
elderly
Strongly disagree 168 (2.9)
Disagree 372 (6.4)
Continued

Table 2 Continued

Not sure 1040 (18.0)
Agree 2308 (39.8)
Strongly agree 1901 (32.9)
Recommend COVID-19 vaccine to people
with pre-existing health conditions
Strongly disagree 292 (5.1)
Disagree 766 (13.2)
Not sure 1752 (30.3)
Agree 1671 (28.9)
Strongly agree 1303 (22.5)

experimental arms can be found in the online supple-
mental table S1.

Figure 2 depicts forest plots that describe the average
marginal effects of providing positive responses for each
interventional arm relative to the control arm in all
outcomes measured. A summary of marginal effects for
all Ievels of responses can be found in the online supple-
mental tables S2 and S3. In terms of participant’s intent
to accept the COVID-19 vaccine or recommending it to
healthy adults and the elderly, none of the interventional
arms were significantly effective at improving intent
compared with the control message. Instead, intent
to vaccinate significantly dropped among participants
assigned to both the NFmessage, and its combined expo-
sure with DN(70% ). Recommendation intentions towards
healthy adults significantly dropped in the DN{(70% ) and
RC(S) arm. Intent to recommend the vaccine to healthy
adults in the combination message arm containing DN
and RC(S) was also lowered. However, all these findings
were not robust after p value adjustments.

Conversely, five interventional arms were significantly
effective at improving recommendation intentions to
people with pre-existing health conditions. Both the DN
arm and PF arm showed highest significant improve-
ments, with effect sizes measuring about 8 percentage
points (95% CI 4.1 to 12.0) and 5.6 percentage points
(95% CI 1.7 to 9.5), respectively. These findings were
robust after p value adjustments. The remaining arms
showing significant improvements were the combination
messages containing DN (4.2 percentage points, 95% CI
0.2 to 8.1), HCW (4.7 percentage points, 95% CI 0.8 to
8.6), and RC(S) (4.6 percentage points, 95% CI 0.7 to 8.5)
message. However, the significance level of these findings
dropped to 10% after p value adjustments.

Being worried about the safety or side effects of the
vaccine was the main reason for hesitancy, with 70%-80%
participants who were hesitant in each outcome
answering as such. A tabulation that reports the propor-
tion of respondents citing reasons for hesitancy for each
outcome can be found in the online supplemental figures
S52-85. We found no significant differences between all
arms with respect to proportion of respondents citing
this top reason (online supplemental table S4).
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8,353 people approached

v

Sociodemographic variables:
Age, sex, ethnicity, household income

* 1,807 people did not fulfill inclusion

Excluded o
criteria

A

A 4

271 people did not consent

* 491 exceeded quota in assigned arm
or failed response validity check by
system

| 5,784 eligible survey participants recruited |

411 414 416 410 416 415 410
DN NF RC(S) Control DN(70%) + DN(70%) + DN(70%) +
v \ 4 A 4 HCW PF RC(SE)
415 410 414 410 \ 4 \ 4 A 4
DN(70%) HCW PF RC(SE) 415 413 415
DN(70%) + DN(70%) + DN(70%) +
DN NF RC(S)
v A v \ 4 v ¢ ¢ A 4 ¢ A 4

ii) Elderly. (Five-point ordinal scale)

General attitude towards vaccines

Baseline Outcomes:
Baseline vaccination intention
“Will you take the COVID-19 vaccine? (Four-point ordinal scale)

Baseline recommendation intention to three specific target groups
“I will recommend the COVID-19 vaccine to family members who are:”
i) Healthy adults. (Five-point ordinal scale)

iii) Having any existing health conditions. (Five-point ordinal scale)

v

Manipulation:
Timed exposure of assigned treatment message. Arms with two messages have each message exposed
sequentially in a random order.

v

Post Manipulation Outcomes:
Vaccination intention

Recommendation intention to three specific target groups

y

Other sociodemographic variables:
Education level, history of child’s vaccination.

Figure 1

Figure 3 displays the forest plots with 95% CIs for hetero-
geneous treatment effects that indicate definite inten-
tions of accepting the COVID-19 vaccine and agreeing to
recommend it. A summary of treatment effect values can
be found in the online supplemental tables S5-S7. There
is evidence showing certain sociodemographic groups
are more impacted by our experimented messages.

Experimental design flow chart presenting sample size, arm allocations, and item wordings for outcomes.

Subgroup analysis for participants aged below and
above 30 years old was conducted. This grouping was
selected to investigate if youths, who have much lesser
risk for suffering severe consequences from contracting
COVID-19 but have their future well-being affected by
the pandemic,”® responded differently compared with
the older age groups who have a higher risk for serious
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Figure 2 Average marginal effects for each interventional arm relative to the control arm based on changes in the predicted
probability of responding with a positive intent for each primary outcome measure: (1) intention to vaccinate, (2) recommend
to healthy adults (Healthy adults), (3) recommend to the elderly (Elderly), (4) recommend to people with pre-existing health
conditions (Health condition). Forest plots present point estimates, 95% Cls, and the line of indifference.

complications from a COVID-19 infection.”® Although we
found that intent to vaccinate among older participants
was significantly affected by the NF message both on its
own and in combination with DN(70 %), this finding was
not robust after p value adjustments. Similarly, experi-
mental arms which registered significant drops in recom-
mendation intentions to healthy adults and the elderly
became non-significant after p value adjustments. Both
age groups responded positively to the DN message for
recommendation intentions to people with health condi-
tions, in which youths and older people saw an increase
in intent by 6.6 percentage points (95% CI 0.1 to 13.0)
and 8.7 percentage points (95% CI 3.7 to 13.8), respec-
tively. Older people also showed an increase in intent
to recommend by 5.3 percentage points (95% CI 0.3
to 10.3) when exposed to PF. Intent increased to 7.4
percentage points (95% CI 2.5 to 12.3) when DN(70%)
was added. Additionally, older people were more likely to
make a recommendation when DN(70% ) was combined
with HCW (6.5 percentage points, 95% CI 1.5 to 11.5). All
messages that significantly influenced older people were
robust after p value adjustments.

We find some gender heterogeneity, male respon-
dents were more negatively impacted by the NI
message. Vaccination intent further declined when
DN(70% ) was added. In contrast, females were more
negatively influenced by the RC(S) message, causing
a reduction in recommendation intentions to healthy
adults. However, all these findings were not robust

after p value adjustments. We documented a signifi-
cant increase in recommendation intentions to people
with health conditions when they were exposed to the
DN message, irrespective of gender. Intent improved
by 6.8 percentage points (95% CI 1.2 to 12.3) and 9.4
percentage points (95% CI 3.8 to 15.1) for males and
females, respectively. Males were also more positively
influenced by both PFFand RC(SE) messages. Moreover,
males tended to positively respond when DN(70% ) was
combined with RC(S) while females exhibited a similar
response when DN(70%) was combined with HCW.
After p value adjustments, only the positive influence of
DN message among females remained significant at the
5% level while all other findings except for the influ-
ence of RC(SE) on males were significant at the 10%
level.

Subgroup analysis was conducted between participants
with and without tertiary education to observe any differ-
ences in behavioural response to the messages, given that
Malaysians with a bachelor’s degree or higher were more
likely to accept the COVID-19 vaccine.”® None of the
messages significantly impacted vaccination intent among
the two groups. However, several messages significantly
reduced intent to recommend the vaccine to healthy
adults among participants with tertiary education. The
DN(70% ) arm showed the highest drop in intent (-7.9
percentage points, 95% CI-12.6 to -3.2), followed by the
NF arm (-5.7 percentage points, 95% CI -10.1 to -1.2),
DN arm (—4.6 percentage points, 95% CI -8.8 to -0.3),
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Figure 3 Sociodemographic determinants of average
marginal effects with respect to age, sex, and education
level, for each interventional arm relative to the control arm
based on changes in the predicted probability of responding
with a positive intent for each primary outcome measure:

(1) intention to vaccinate, (2) recommend to healthy adults
(Healthy adults), (3) recommend to the elderly (Elderly), (4)
recommend to people with pre-existing health conditions
(Health condition). Forest plots present point estimates, 95%
Cls, and the line of indifference.

and RC(S) arm (4.5 percentage points, 95% CI -8.8 to
-0.1). There were also significant reductions in intent
between 5.5 and 6.6percentage points among tertiary
educated participants who were exposed to combination
messages containing PFand RC(S). Most of these findings
remained significant either at the 5% or 10% significance
level after p value adjustments. However, participants
without tertiary education revealed significantly lower
recommendation intentions to the elderly when exposed
to combination messages containing NF (-7.2 percentage
points, 95% CI-12.4 to-2.1) and RC(SE) (5.5 percentage
points, 95% CI -10.6 to —0.5), but with only the former
result remaining significant at the 10% significance level
after p value adjustments. Apart from DN(70%), HCW,
and combination messages containing PFand RC(SE), all
arms showed significant improvements in intent among
those with tertiary education to recommend the vaccine
to people with health conditions, ranging from 6.0 to
11.6 percentage points. These findings remained robust
after p value adjustments. Participants with lesser than
tertiary-level education were also positively influenced by
the DN arm, but this finding lost significance after p value
adjustments.

DISCUSSION
This study reports the results of one of the first exper-
iments in the Southeast Asian region, and Malaysia
specifically, that apply persuasive health messages
to influence vaccine uptake and recommendation
intentions. Hence, our results may serve as a refer-
ence benchmark for expected outcomes when using
various types of message frames in a middle-income
country. Two single experimental messages, that is,
DN and PF, and two message combinations, that is,
DN(70% )+HCW and DN(70% )+RC(S), supported the
first and second hypotheses, respectively, for only one
outcome, which is intent to recommend the COVID-19
vaccine to people with pre-existing health conditions.
None of our experimented messages improved vacci-
nation intentions, with some showing signs of backfiring.
Our results concur with other studies that similarly
employ messages explaining about COVID-19 vaccine
safety. Persuasive messages emphasising vaccine safety
either through explaining the rigorous process of drug
development and the rarity of side effects, leveraging
the authority of a clinician to explain vaccine safety, or
highlighting vaccine approval from a regulatory agency,
failed to significantly improve vaccination intent,? #3578
Although Diament et al found positive findings with a
message explaining the vaccine’s approval process by a
regulatory authority to infer vaccine safety, their results
were weakly significant.” There are several possible expla-
nations to our findings. Our experimented messages
provided brief verbatim representations that promoted
vaccine safety. However, this stimulus did not translate
to gist representations that was sufficiently convincing
to influence hesitant individuals from a vaccine safety
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perspective, in accordance with the fuzzy-trace theory.”
Vaccine-hesitant individuals also display a higher reliance
on experiential thinking systems,” ® which poses a formi-
dable challenge when attempting to alter decisions using
rational arguments and statistics. Another explanation
refers to the limited effect of brief textual messages at
capturing attention and sounding convincing. Perhaps
delivering messages through an engaging media might
have yielded better results.”” For instance, a study reports
a positive behavioural change when using a video clip to
deliver vaccine safety information.**

Our persuasive messages did not improve recommen-
dation intentions to healthy and older individuals. In
contrast, we find significant and sizeable effects of persua-
sive messages in improving recommendation intentions
to people with pre-existing health conditions across
several experimental arms. Attribute appeal is a possible
reason driving the differences in recommendation inten-
tions between our studied outcomes. More than 80% of
our participants agreed to recommend the vaccine to
healthy adults at baseline. This observation suggests a
general perception that healthy adults are fit enough to
take the vaccine without any cause for safety concerns.
Hence, addressing vaccine safety may not be a suitable
dimension to persuade the hesitant minority who may
have deeper qualms about other issues. Conversely, about
half of our participants were hesitant at baseline to recom-
mend the vaccine to people with health issues. Such low
baseline proportions may be driven by perceptions that
vaccines are potentially harmful to individuals with pre-
existing health conditions who may have higher suscep-
tibility of being harmed by vaccine adverse effects, given
their poorer health state. This presumption is evidenced
by the significant improvement in recommendation
intentions after exposure to several of our messages
promoting vaccine safety, a key attribute that appealed to
influenced participants. Similarly, vaccine safety may be a
concern among participants who were hesitant to recom-
mend the vaccine to the elderly, given that they are frailer
and more fragile to be recommended an intervention
perceived as risky. This effect is not driven by ageism, as
older people are regarded highly in Asian societies such
as Malaysia.”” However, given that our current sample is
skewed towards younger individuals, recommending a
perceived risky intervention to an elder may seem disre-
spectful. Therefore, persuasive vaccine safety messages
proved insufficient to nudge those hesitant to recom-
mend amidst an additional cultural barrier.

Interestingly, our results suggest that vaccine recom-
mendation intentions to people do not necessarily
reflect on one’s own intention to vaccinate. Whilst the
decision to vaccinate is based on a personal risk-benefit
assessment from getting vaccinated, the decision to
recommend the take up of a vaccine refers to an exter-
nalised risk-benefit assessment based on another person’s
needs. This assessment might be reflective of some over-
confidence, or perceived relative risk of disease severity
from contracting COVID-19 together with perceived risk

tolerance for vaccination, all of which is dependent on an
individual’s health profile. For instance, individuals with
pre-existing health conditions are presumably at higher
risk of being severely ill from COVID-19, while also
perceived to bear higher risks of suffering harm from
vaccine adverse effects. However, once the latter concern
is dispelled, the decision to recommend becomes clearer
based on perceived benefits for these individuals.

Our descriptive norm messages are grounded on the
perceived sense of safety generated from knowledge that
a vast majority are taking or have taken the COVID-19
vaccine, making it a social norm deemed as the right
choice. However, such social nudges proved ineffective in
significantly raising self-vaccination intent compared with
the control message, consistent with other COVID-19
vaccine studies involving norms.?” *” Despite being signif-
icant, the norms message performed the poorest in a
study by Jensen et al®* Helfinstein et al also found that
descriptive norms had little effect on risk recommenda-
tion to others, which reflects our negative observations
with respect to vaccine recommendation.”® In contrast,
we observe the DN message increase recommendation
intentions to people with pre-existing health conditions.
Message targeting may have made the DN message relat-
able to the recommended target group, since it high-
lights that many people with health conditions have
tested and taken the COVID-19 vaccine.®”’ However, the
addition of DN(70%) weakened this effect. Addition-
ally, although insignificant after p value adjustments,
there are indications that DN(70% ) on its own reduced
recommendation intentions to healthy adults. These
effects could be specifically due to the reference to "70%
of Malaysians", as stated in the DN(70 %) message. Such
a proportion might be insufficient to be perceived as a
convincing norm since mass media widely reports target
inoculation rates of 80% by the government through the
national immunisation programme.*®

Both NF and PF messages induced opposite effects
in two separate outcome measures. The PF message
improved intentions to recommend the vaccine to
people with health conditions. Although insignificant,
there were signs that the NF message reduced intent
to accept the COVID-19 vaccine and this was simi-
larly observed when the DN(70 %) message was added.
Generally, studies have shown attribute frames to be
more effective when framed positively rather than
negatively.”’ ** * % However, Barnes and Colagiuri
found that both positive and negative attribute framed
messages increased intentions to accept a booster dose
among COVID-19 vaccinated participants if the offered
vaccine was unfamiliar and familiar, respectively.”’ Their
findings differed from our results possibly because our
participants have not been vaccinated but were already
familiar with the type of COVID-19 vaccine offered that
was being widely promoted on mass media, given that
our survey coincided with the national immunisation
programme.”’ ™' Inexperience with the vaccine may
have heightened negative safety perceptions arising
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from negative attribute framing while negating posi-
tive effects observed with positive attribute framing
with respect to vaccination intent. Familiarity with the
vaccine’s safety profile may have also attenuated posi-
tive attribute framing effects.” A study involving influ-
enza vaccine similarly found that participants who were
exposed to negative framed messages had higher expec-
tations or perceived severity of side effects.” Interest-
ingly, inexperience did not cloud positive perceptions
arising from the PF message to drive improved inten-
tions to recommend the vaccine to people with health
conditions. Instead, it appears that preconceived views
that such a target population is more susceptible to
harms from vaccine adverse effects given their poorer
state of health may have been alleviated by this extra
boost in safety perception.

Participants exposed to the HCWmessage did not show
any significant changes in intent for all outcome measures
examined. There are several possible reasons. The social
norm cue used with reference to the majority of health-
care workers already vaccinated was probably ineffective
due to participants being unable to identify with the refer-
ence population used.?” Furthermore, the message may
not have provided the personal touch and physical inter-
action from a healthcare provider necessary to invoke
changes in intent, a condition which is observed among
studies reporting raised vaccination intents.** 7~"® This
explanation is further supported by findings from Motta
et alsuggesting that vaccination intent did not differ from
the control group when the message encouraging vaccine
uptake came from a medical expert.'” Additionally, lever-
aging the Director General of Health’s influence, who is
a government official, may portray him as accomplishing
a bureaucratic task driven by political motives.”’ The
use of a celebrity who is viewed as politically neutral yet
popular could prove more efficacious, as shown in a
study which found celebrities inducing higher vaccine
scepticism reductions compared with government offi-
cials or medical experts.”” Interestingly, when both HCW
and DN(70% ) were combined, recommendation inten-
tions to people with health conditions were significantly
raised. This observation is probably borne from posi-
tive interactions between a low descriptive norm and a
high injunctive norm. Recommendations coming from a
convincing proportion of healthcare workers confers the
perception that getting vaccinated is a socially desirable
action that is expected, which results in a high injunctive
norm.”” Habib et al found that willingness to register as
an organ donor increased when a low descriptive norm
was combined with a high injunctive norm, as opposed to
applying the norms individually.”® This interaction arises
by stoking a sense of responsibility to act after the incon-
gruent norms highlight salient inconsistencies existing
within the group. Although unmeasured, we believe this
sense of responsibility to recommend was invoked from
this similar interaction. Our finding thus expands knowl-
edge on normative influence by proving such interac-
tions also exist for behaviour recommendation.

Although insignificant, there were signs that recom-
mendation intentions to healthy adults were significantly
negatively affected by RC(S). The use of death rates
from COVID-19 could be perceived as an irrelevant risk
to healthy adults, since most deaths are associated with
elderly and people with pre-existing health conditions.”
A mismatch with the target group could have led to drops
in intent. Moreover, the number of deaths featured on
the message may not be convincing enough to require
a need for healthy people to take the vaccine. However,
this effect was slightly reduced when DN(70 % ) was added
together, presumably because the higher dosage of pro-
vaccination messages counteracted the negative effects
of each message when applied individually.*® A similar
dose-response interaction may be occurring when
DN(70% ) was combined with RC(S) to yield a significant
increase in intent to recommend the vaccine to people
with health conditions. Although RC(S) and RC(SE)
addressed safety attributes which are relevant to elderly
and people with health conditions, their effects did not
differ from the control message when applied alone. A
possible reason lies with the message bringing attention
to possible health risks associated with the vaccine such as
deaths or blood clots. Despite the probability favouring
vaccine uptake, the mention of these health risks may
have caused hesitant individuals to remain hesitant for
fear of recommending something harmful.

Our analysis on heterogeneity treatment effects
revealed varied impacts of different messages for each
sociodemographic variable. There were indications that
intent to vaccinate for both older participants and males
was negatively influenced by a negative attribute frame.
Studies show older people have higher risk perceptions
towards health-related risks.*” This characteristic makes
them more susceptible to negatively framed attribute
messages as negative frames heighten risk perception.
Studies have also shown that men tend to be more opti-
mistic about perceived susceptibility and severity from
COVID-19,*' * rendering males as more likely to take a
risk of contracting the virus as compared with taking a
vaccine that is perceived unsafe due to the negative attri-
bute framing effect. Our findings highlight the damaging
effect such frames can cause among males who gener-
ally have higher vaccination intentions compared with
females.*

Most of the messages which induced positive recom-
mendation intentions to people with health conditions
impacted the older age group, males, and those with a
tertiary education. There are several postulations to this
pattern of results. Studies show that self-esteem increases
with age.** * This may confer older people with more
confidence to recommend the vaccine if there is infor-
mation that supports this action. Moreover, our youths
may be more hesitant to make recommendations even
when nudged as Malaysia practices a collectivist culture.”
People with pre-existing health conditions tend to be
older, which makes it more challenging for youths to make
recommendations due to social hierarchy barriers. Males
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having higher intentions to make recommendations are
arguably driven by risk acceptance. Recommending a
health intervention involves some risk taking since it advo-
cates something that may expose another individual to a
certain level of risk. Studies have shown that men exhibit
a higher risk-taking behaviour compared to women.*®
However, females were also found to similarly respond to
the DN message, which underscores the potential of this
social norm message in influencing people regardless of
gender. On the other hand, behavioural differences to
make recommendations based on education level are
probably related to cognitive capabilities to synthesise
information and perceived vaccine safety. People with
tertiary education could have understood and synthe-
sised the health messages better to infer that the vaccine
was safe to be used by people with health issues. Being
highly educated also increases confidence and imparts a
higher sense of social responsibility to recommend.
Individuals with tertiary education were also more
impacted by messages which reduced intent to recom-
mend the vaccine to healthy adults. A deeper synthesis of
messages by those who have higher education does not
necessarily produce positive results and could backfire
instead. These people may tend to have more complex
interpretations amidst wider information obtained from
various sources, resulting in certain messages inducing
negative responses. Studies have shown that there is a
strong association between education level and extent
of COVID-19-related knowledge, both factual and
perceived.” *® Coupled with a lesser perceived severity of
the virus by more educated individuals, these messages
may have been interpreted with a risk-benefit analysis to
suggest healthy individuals not requiring the vaccine.*®

Limitations

Our experiment exhibits the following limitations.
Study outcomes measured how messages affect intent
and do not really indicate whether participants would
actually receive or recommend the vaccine in reality.
Although actual vaccination behaviour should be the
prime outcome of interest, intent has been shown to be
a strong predictor for behavioural actions over various
contexts, even for actual vaccination uptake.89 However,
significant intention—-behaviour gaps for vaccination
have been shown to exist,” with a study even concluding
that nudges are ineffective at significantly raising actual
COVID-19 vaccination rates.”” Previous research has
also shown differing results when applying behavioural
nudges to promote COVID-19 vaccination under exper-
imental conditions versus in the field.”> These findings
underscore the need to field test behavioural interven-
tions that are proven successful in survey experiments to
confirm their true effectiveness under real-world condi-
tions.

The extent of misinformation that participants were
exposed to prior to our experiment was not measured.
Misinformation has been proven to significantly affect
vaccination intent.”’ Actual vaccination rates declined

depending on the theme and quantity of misinformation
exposure.”” Therefore, misinformation exposure may
be a strong predictor for resisting nudges from health
messages. Future studies should find ways of incorpo-
rating this measure to further elucidate true effective-
ness of messages under various levels of misinformation
exposure.

The dynamic nature of the COVID-19 pandemic may
have altered attitudes towards the COVID-19 vaccines
since our experiment was initiated. This is especially so
after the vaccines have been safely rolled out and shown
to be effective as time progresses. Hence, the efficacy of
these messages may have changed over the course of the
pandemic.

Lastly, we did not specify any particular COVID-19
vaccine when asking participants to take up or recom-
mend. During the experimental survey roll-out, vaccines
from three different companies were widely mentioned in
Malaysia, namely Pfizer-BioNTech, Oxford/AstraZeneca,
and Sinovac.”" ! Each of these vaccines was developed
using different technologies to yield differing effective-
ness and safety profiles. The public may hold differing
views about the vaccines based on the familiarity of the
technology used to develop them. Hence, we were unsure
whether responses obtained were based on a particular
vaccine in mind or aggregated in nature.

Further work

Explanations regarding behavioural responses observed
were inferred based on past research. More in-depth
qualitative research based on theoretical frameworks
should be conducted to gain a firmer understanding on
how these messages affect individual perceptions that
result in provided responses. Additionally, more research
should be conducted to understand the science behind
individuals recommending healthcare interventions to
others, as this aspect of knowledge in the health behav-
ioural field is scarce.

CONCLUSION

Despite safety being the main concern for COVID-19
vaccine hesitancy, crafting messages that focus solely on
this attribute does not significantly improve vaccination
intent or vaccine recommendation, except to people
with pre-existing health conditions. Our findings high-
light the challenges of addressing vaccine safety concerns
via frames that present verbatim facts and stimulate
rational thinking. Future messages addressing similar
concerns should consider adding content that stimulates
emotional reasoning and communicates the gist of the
message convincingly.

We have documented several examples where
combining messages weakened or strengthened intent,
thus providing further proof about message interactions
between different frames. A deeper understanding of
such interactions is needed, especially when conducting
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health promotion campaigns that use a series of messages
together to influence individual decision-making.

On a bigger picture, our study suggests two important
findings. First, the decision to take up or recommend
a health intervention, such as vaccination, is based on
perceived need that is derived from both an internalised
and externalised risk-benefit analysis, respectively, which
may not necessarily be parallel with one another. Lastly,
messages incorporating safety dimensions can update
the belief of individuals to advocate an intervention that
was previously deemed risky to a vulnerable population.
This evidence suggests that persuasive messages should
emphasise on safety when promoting recommendations
of novel health interventions to individuals with pre-
existing health conditions, especially if the intervention
is perceived as potentially harmful to them.
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Supplementary material

When do persuasive messages on vaccine safety steer COVID-19
vaccine acceptance and recommendations? Behavioural insights from
a randomised controlled experiment in Malaysia.

Methods
Study setting during recruitment period

Malaysia was experiencing a surge of infections in April 2021, with over 3,300 daily cases
and almost 1,500 total deaths reported at the start of our experiment.[1] By the end of our
experiment, daily cases steadily increased to reach a peak of over 7,700 cases, with
cumulative deaths standing at 3,378.[2] Malaysia’s COVID-19 immunisation programme was
initiated at the end of February 2021.[3] Our experiment coincided closely with the second
and third phase of the programme which began in April and May 2021 respectively. These

two phases were targeted at the general adult population.

Stratified sampling

Malaysia is composed of several major ethnicities. Bumiputera, which consist of Malays and
the indigenous people of Malaysia, accounted for about 70% of the population.[4] This is
followed by Chinese (=23%) and Indians (=7%). The sex ratio among Malaysian citizens
stands at 102 males per 100 females. There is a sizable proportion of young Malaysian in the
country, with approximately 53% of the total adult population aged between 18 to 39 years.
Middle age (40 to 59 years old) and the elderly accounted for approximately 31% and 16% of
the population respectively. In terms of household income, Malaysia categorizes citizens into
three distinct groups; Bottom 40% (B40), Middle 40% (M40) and Top 20% (T20).[5] These

categorisations represent percentages of the country’s population in terms of household
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income ranging from the bottom 40% to the top 20%. Except for age, stratified recruitment
was conducted according to approximate national ratios for sex, ethnicity, and household
income. Due to our survey panel’s limitation to sample for older participants, we inflated and
deflated the target sampling proportion for the younger and older age group by about 10%

and 12% respectively.

Message design

Messages were designed with a standardised dimension of 1080 x 1350 pixels in order to
look similar with messages commonly found on social media posts and is conveniently
displayed on computer monitors or smartphones. Font sizes used for all messages were
standardised. Numbers or words which indicated a numerical or statistical meaning were
printed using yellow colour fonts that were slightly enlarged to draw extra attention. The last
sentence in the rally slogan; “It’s safe and effective!”, was printed in a green font to

psychologically invoke feelings of safety about the vaccine.[6]
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Table S1: Baseline characteristics of survey participants stratified according to experimental arms

DN (70%) DN HCW NF PF RC(S) RC(SE) Control DN(70%) + DN DNgg&‘;) + DN(70%) +NF  DN(70%) + PF DN&’(‘S) + Dl;(g?s'g + T'st:zzghi
Mean+SD or Mean+SD or Mean+SD or Mean+SD or Mean+SD or Mean+SD or Mean+SD or Mean+SD or Mean+SD or Mean+SD or Mean+SD or Mean+SD or Mean+SD or Mean+SD or P-value
N(%) N(%) N(%) N(%) N(%) N(%) N(%) N(%) N(%) N(%) N(%) N(%) N(%) N(%)
Age 37+11.6 36+11.9 36+11.8 36+11.5 36+11.9 35+11.3 36+11.7 36+11.6 36+11.7 36+11.9 36+11.8 36+11.4 36+11.9 36+11.6 0.999
Sex Male 210 (50.6) 203 (49.4) 206 (50.2) 206 (49.8) 208 (50.2) 210 (50.5) 205 (50.0) 207 (50.5) 211 (50.8) 207 (49.8) 207 (50.1) 211 (50.8) 211 (50.8) 205 (50.0) 1.000
Education level Tertiary education 194(46.7) 218(53.0) 205(50.0) 209(50.5) 182(44.0) 198(47.6) 200(48.8) 217(52.9) 194(46.7) 225(54.1) 209(50.6) 204(49.2) 215(51.8) 195(47.6) 0.169
Intent to vaccinate  Definitely not 5(1.2) 8(1.9) 8(2.0) 9(2.2) 9(2.2) 7(1.7) 8(2.0) 5(1.2) 7(1.7) 9(2.2) 7(1.7) 9(2.2) 11(2.7) 4(1.0) 0.968
Probably not 32(7.7) 28(6.8) 25(6.1) 28(6.8) 26(6.3) 29(7.0) 30(7.3) 32(7.8) 34(8.2) 33(7.9) 20(4.8) 29(7.0) 27(6.5) 17(4.1)
Probably yes 123(29.6) 118(28.7) 119(29.0) 120(29.0) 133(32.1) 133(32.0) 121(29.5) 111(27.1) 129(31.1) 122(29.3) 116(28.1) 132(31.8) 123(29.6) 124(30.2)
Definitely yes 255(61.4) 257(62.5) 258(62.9) 257(62.1) 246(59.4) 247(59.4) 251(61.2) 262(63.9) 245(59.0) 252(60.6) 270(65.4) 245(59.0) 254(61.2) 265(64.6)
Intent to
recommend:
Healthy adults Strongly disagree 8(1.9) 8(1.9) 5(1.2) 7(1.7) 6(1.4) 7(1.7) 7(1.7) 6(1.5) 7(1.7) 5(1.2) 8(1.9) 5(1.2) 5(1.2) 3(0.7) 0.920
Disagree 15(3.6) 11(2.7) 11(2.7) 9(2.2) 13(3.1) 10(2.4) 18(4.4) 8(2.0) 12(2.9) 22(5.3) 13(3.1) 17(4.1) 17(4.1) 9(2.2)
Not sure 46(11.1) 42(10.2) 43(10.5) 53(12.8) 49(11.8) 37(8.9) 43(10.5) 36(8.8) 48(11.6) 40(9.6) 37(9.0) 49(11.8) 42(10.1) 40(9.8)
Agree 198(47.7) 202(49.1) 183(44.6) 198(47.8) 204(49.3) 210(50.5) 195(47.6) 206(50.2) 204(49.2) 214(51.4) 213(51.6) 201(48.4) 196(47.2) 209(51.0)
Strongly agree 148(35.7) 148(36.0) 168(41.0) 147(35.5) 142(34.3) 152(36.5) 147(35.9) 154(37.6) 144(34.7) 135(32.5) 142(34.4) 143(34.5) 155(37.3) 149(36.3)
Elderly Strongly disagree 11(2.7) 10(2.4) 12(2.9) 11(2.7) 9(2.2) 11(2.6) 13(3.2) 13(3.2) 11(2.7) 18(4.3) 8(1.9) 13(3.1) 19(4.6) 9(2.2) 0.622
Disagree 36(8.7) 28(6.8) 23(5.6) 27(6.5) 28(6.8) 28(6.7) 30(7.3) 25(6.1) 26(6.3) 35(8.4) 16(3.9) 24(5.8) 20(4.8) 26(6.3)
Not sure 68(16.4) 75(18.2) 69(16.8) 78(18.8) 79(19.1) 76(18.3) 73(17.8) 64(15.6) 96(23.1) 80(19.2) 72(17.4) 79(19.0) 61(14.7) 70(17.1)
Agree 161(38.8) 164(39.9) 153(37.3) 156(37.7) 165(39.9) 169(40.6) 156(38.0) 182(44.4) 159(38.3) 156(37.5) 173(41.9) 165(39.8) 177(42.7) 167(40.7)
Strongly agree 139(33.5) 134(32.6) 153(37.3) 142(34.3) 133(32.1) 132(31.7) 138(33.7) 126(30.7) 123(29.6) 127(30.5) 144(34.9) 134(32.3) 138(33.3) 138(33.7)
E;?g'ﬁeo‘r’]v;th health g4 ongly disagree 15(3.6) 19(4.6) 20(4.9) 22(5.3) 18(4.3) 26(6.3) 24(5.9) 21(5.1) 18(4.3) 24(5.8) 19(4.6) 24(5.8) 26(6.3) 16(3.9) 0.941
Disagree 63(15.2) 59(14.4) 40(9.8) 58(14.0) 55(13.3) 56(13.5) 60(14.6) 49(12.0) 58(14.0) 60(14.4) 49(11.9) 62(14.9) 46(11.1) 51(12.4)
Not sure 128(30.8) 113(27.5) 121(29.5) 126(30.4) 133(32.1) 128(30.8) 119(29.0) 120(29.3) 131(31.6) 121(29.1) 120(29.1) 137(33.0) 124(29.9) 131(32.0)
Agree 114(27.5) 120(29.2) 136(33.2) 110(26.6) 113(27.3) 103(24.8) 115(28.0) 128(31.2) 125(30.1) 123(29.6) 124(30.0) 110(26.5) 126(30.4) 124(30.2)
Strongly agree 95(22.9) 100(24.3) 93(22.7) 98(23.7) 95(22.9) 103(24.8) 92(22.4) 92(22.4) 83(20.0) 88(21.2) 101(24.5) 82(19.8) 93(22.4) 88(21.5)
g'tfi?jéi(‘a’e vaccine 272(65.5) 275(66.9) 266(64.9) 278(67.1) 267(64.5) 256(61.5) 261(63.7) 267(65.1) 273(65.8) 261(62.7) 281(68.0) 253(61.0) 266(64.1) 277(67.6) 0.603
3
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Table S2: Average marginal effects for intention to accept the COVID-19 vaccine in each experimental

arm relative to control arm

Intention to vaccinate
Marginal effects
[95% Confidence Interval]
Adjusted p-value

DN(70%)
Definitely no

Probably no

Probably yes

Definitely yes

0.00392
[-0.000780,0.00861]
0.598

0.00516
[-0.00106,0.0114]
0.617

0.0163
[-0.00324,0.0359]
0.598

-0.0254
[-0.0557,0.00484]
0.579

DN
Definitely no

Probably no

Probably yes

Definitely yes

-0.000924
[-0.00519,0.00334]
1.000

-0.00133
[-0.00745,0.00480]
1.000

-0.00446
[-0.0250,0.0161]
1.000

0.00671
[-0.0242,0.0376]
1.000

HCW
Definitely no

Probably no

Probably yes

Definitely yes

0.000472
[-0.00394,0.00488]
1.000

0.000659
[-0.00550,0.00682]
1.000

0.00217
[-0.0182,0.0225]
1.000

-0.00330
[-0.0342,0.0276]
1.000

NF
Definitely no

0.00519"
[0.000312,0.0101]
0.317
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Probably no

Probably yes

Definitely yes

0.00671"
[0.000347,0.0131]
0.340

0.0210"
[0.00134,0.0406]
0.306

-0.0329"
[-0.0633,-0.00240]
0.284

PF
Definitely no

Probably no

Probably yes

Definitely yes

-0.000954
[-0.00517,0.00326]
1.000

-0.00137
[-0.00742,0.00468]
1.000

-0.00461
[-0.0249,0.0157]
1.000

0.00693
[-0.0236,0.0375]
1.000

RC(S)
Definitely no

Probably no

Probably yes

Definitely yes

0.000399
[-0.00393,0.00473]
1.000

0.000558
[-0.00550,0.00661]
1.000

0.00184
[-0.0182,0.0219]
1.000

-0.00280
[-0.0332,0.0276]
1.000

RC(SE)
Definitely no

Probably no

Probably yes

Definitely yes

0.00139
[-0.00307,0.00585]
1.000

0.00191
[-0.00422,0.00804]
1.000

0.00623
[-0.0138,0.0262]
1.000

-0.00954
[-0.0401,0.0210]
1.000

DN(70%)+DN
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Definitely no

Probably no

Probably yes

Definitely yes

0.00161
[-0.00281,0.00603]
1.000

0.00220
[-0.00385,0.00825]
1.000

0.00716
[-0.0126,0.0269]
1.000

20.0110
[-0.0411,0.0192]
1.000

DN(70%)+HCW
Definitely no

Probably no

Probably yes

Definitely yes

0.00158
[-0.00288,0.00603]
1.000

0.00216
[-0.00395,0.00826]
1.000

0.00703
[-0.0128,0.0269]
1.000

-0.0108
[-0.0412,0.0196]
1.000

DN(70% )+NF
Definitely no

Probably no

Probably yes

Definitely yes

0.00565"
[0.000671,0.0106]
0.317

0.00726"
[0.000827,0.0137]
0.340

0.0226"
[0.00288,0.0423]
0.306

-0.0355"
[-0.0661,-0.00485]
0.284

DN(70% )+PF
Definitely no

Probably no

Probably yes

0.00241
[-0.00211,0.00693]
1.000

0.00325
[-0.00286,0.00936]
1.000

0.0105
[-0.00922,0.0302]
1.000
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Definitely yes

-0.0161
[-0.0464,0.0141]
1.000

DN(70%)+RC(S)
Definitely no

Probably no

Probably yes

Definitely yes

0.000300
[-0.00407,0.00467]
1.000

0.000420
[-0.00571,0.00655]
1.000

0.00139
[-0.0189,0.0217]
1.000

-0.00211
[-0.0329,0.0287]
1.000

DN(70%)+RC(SE)
Definitely no

Probably no

Probably yes

Definitely yes

0.00267
[-0.00198,0.00733]
1.000

0.00359
[-0.00265,0.00983]
1.000

0.0115
[-0.00850,0.0316]
1.000

-0.0178
[-0.0486,0.0130]
1.000

N

5784

95% confidence intervals in brackets
“p<0.05 " p<0.01," p<0.001
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Table S3: Average marginal effects for intention to recommend the COVID-19 vaccine to healthy adults,
elderly, and people with any pre-existing health conditions, in each experimental arm relative to control

arm.
Healthy adults Elderly Health condition
Marginal effects Marginal effects Marginal effects
[95% Confidence [95% Confidence [95% Confidence
Interval] Interval] Interval]
Adjusted p-value Adjusted p-value Adjusted p-value
DN(70%)
Disagree 0.0148" 0.0121 -0.00964
[0.00255,0.0271] [-0.00394,0.0281] [-0.0298,0.0105]
0.133 0.719 0.179
Not sure 0.0237" 0.0148 -0.00919
[0.00411,0.0432] [-0.00480,0.0344] [-0.0284,0.0100]
0.133 0.713 0.181
Agree -0.0385" -0.0269 0.0188
[-0.0702,-0.00673] [-0.0625,0.00873] [-0.0204,0.0581]
0.133 0.713 0.176
DN
Disagree 0.0111 -0.000137 -0.04117
[-0.00108,0.0232] [-0.0160,0.0157] [-0.0616,-0.0205]
0.167 1.000 0.001
Not sure 0.0174 -0.000165 -0.0391"*
[-0.00167,0.0365] [-0.0193,0.0189] [-0.0588,-0.0195]
0.167 1.000 0.001
Agree -0.0285 0.000302 0.0802""
[-0.0596,0.00271] [-0.0347,0.0353] [0.0405,0.120]
0.167 1.000 0.001
HCW
Disagree 0.00320 0.0106 -0.0150
[-0.00891,0.0153] [-0.00536,0.0266] [-0.0352,0.00529]
0.252 0.719 0.127
Not sure 0.00485 0.0130 -0.0143
[-0.0135,0.0232] [-0.00653,0.0326] [-0.0337,0.00507]
0.252 0.713 0.127
Agree -0.00806 -0.0236 0.0293
[-0.0385,0.0224] [-0.0592,0.0119] [-0.0103,0.0688]
0.252 0.713 0.125
NF
Disagree 0.0100 0.00806 -0.0187
[-0.00207,0.0221] [-0.00783,0.0240] [-0.0387,0.00132]
0.167 0.719 0.095
Not sure 0.0157 0.00984 -0.0179
[-0.00323,0.0347] [-0.00954,0.0292] [-0.0370,0.00128]
0.167 0.713 0.095
Agree -0.0258 -0.0179 0.0366
[-0.0568,0.00527] [-0.0532,0.0174] [-0.00246,0.0756]
0.167 0.713 0.093
PF
Disagree 0.0102 0.00514 -0.0288™
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[-0.00189,0.0222]

[-0.0105,0.0208]

[-0.0489,-0.00859]

0.167 0.719 0.031
Not sure 0.0159 0.00624 -0.0275™
[-0.00293,0.0348] [-0.0128,0.0253] [-0.0469,-0.00821]
0.167 0.713 0.031
Agree -0.0261 -0.0114 0.0563™
[-0.0569,0.00479] [-0.0461,0.0233] [0.0171,0.0955]
0.167 0.713 0.031
RC(S)
Disagree 0.0163" 0.0106 -0.0171
[0.00393,0.0287] [-0.00526,0.0265] [-0.0372,0.00287]
0.133 0.719 0.110
Not sure 0.0262" 0.0130 -0.0164
[0.00637,0.0461] [-0.00641,0.0324] [-0.0356,0.00278]
0.133 0.713 0.113
Agree -0.0425™ -0.0236 0.0336
[-0.0746,-0.0104] [-0.0588,0.0117] [-0.00553,0.0726]
0.133 0.713 0.110
RC(SE)
Disagree 0.00534 0.00154 -0.0148
[-0.00663,0.0173] [-0.0142,0.0173] [-0.0349,0.00533]
0.211 0.979 0.127
Not sure 0.00818 0.00186 -0.0141
[-0.0101,0.0265] [-0.0172,0.0209] [-0.0334,0.00513]
0.211 0.979 0.127
Agree -0.0135 -0.00339 0.0289
[-0.0438,0.0168] [-0.0382,0.0314] [-0.0104,0.0682]
0.211 0.979 0.125
DN(70%)+DN
Disagree 0.0127" 0.00193 -0.0213"
[0.000460,0.0249] [-0.0135,0.0174] [-0.0415,-0.00114]
0.149 0.979 0.081
Not sure 0.0201* 0.00234 -0.0204"
[0.000739,0.0394] [-0.0163,0.0210] [-0.0398,-0.00107]
0.153 0.979 0.081
Agree -0.0328" -0.00427 0.0417*
[-0.0643,-0.00125] [-0.0383,0.0298] [0.00238,0.0811]
0.149 0.979 0.078
DN(70%)+HCW
Disagree 0.00418 -0.00548 -0.0240"
[-0.00782,0.0162] [-0.0209,0.00989] [-0.0441,-0.00396]
0.252 0.719 0.068
Not sure 0.00637 -0.00653 -0.0230"
[-0.0119,0.0246] [-0.0248,0.0118] [-0.0423,-0.00372]
0.252 0.713 0.068
Agree -0.0105 0.0120 0.0470"
[-0.0408,0.0197] [-0.0217,0.0457] [0.00790,0.0862]
0.252 0.713 0.065
DN(70% )+NF
Disagree 0.00936 0.0141 -0.0123
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[-0.00304,0.0218]

[-0.00210,0.0302]

[-0.0326,0.00789]

0.181 0.719 0.145
Not sure 0.0146 0.0173 -0.0118
[-0.00477,0.0340] [-0.00254,0.0371] [-0.0311,0.00755]
0.185 0.713 0.145
Agree -0.0240 -0.0313 0.0241
[-0.0558,0.00778] [-0.0673,0.00462] [-0.0154,0.0637]
0.181 0.713 0.145
DN(70%)+PF
Disagree 0.0101 0.0159 -0.0198
[-0.00188,0.0221] [-0.0000648,0.0319] [-0.0398,0.000177]
0.167 0.719 0.085
Not sure 0.0159 0.0196 -0.0190
[-0.00292,0.0347] [-0.0000347,0.0392] [-0.0381,0.000176]
0.167 0.713 0.085
Agree -0.0260 -0.0355 0.0387
[-0.0568,0.00477] [-0.0711,0.0000810] [-0.000198,0.0777]
0.167 0.713 0.083
DN(70%)+RC(S)
Disagree 0.0124" 0.00325 -0.0235"
[0.000140,0.0247] [-0.0129,0.0194] [-0.0436,-0.00327]
0.149 0.943 0.068
Not sure 0.0196" 0.00393 -0.0225"
[0.000215,0.0390] [-0.0156,0.0235] [-0.0418,-0.00310]
0.153 0.943 0.068
Agree -0.0320" -0.00718 0.0459"
[-0.0636,-0.000404] [-0.0428,0.0285] [0.00658,0.0853]
0.149 0.943 0.065
DN(70%)+RC(SE)
Disagree 0.00744 0.0136 -0.00524
[-0.00497,0.0199] [-0.00261,0.0299] [-0.0254,0.0149]
0.204 0.719 0.243
Not sure 0.0115 0.0167 -0.00499
[-0.00770,0.0307] [-0.00317,0.0366] [-0.0242,0.0142]
0.204 0.713 0.243
Agree -0.0190 -0.0304 0.0102
[-0.0506,0.0127] [-0.0665,0.00577] [-0.0291,0.0496]
0.204 0.713 0.241
N 5784 5784 5784

95% confidence intervals in brackets
“p<0.05, 7 p<0.01," p<0.001
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Table S4: Chi-square analysis describing associations between all experimental arms and proportion of
hesitant participants who cited reasons of vaccine safety or side effect concerns after message exposure.

Recommend
Intention to Recommend Recommend people with
Hesitancy to: vaccinate healthy adults elderly health conditions
Worried about
the safety or side No Yes No Yes No Yes No Yes
effects of the (%) (%) (%) (%) (%) (%) (%) (%)
vaccine.
DN(70%) 22.78 77.22 30.00 70.00 20.00 80.00 18.95 81.05
DN 27.74 72.26 28.81 71.19 20.43 79.57 20.92 79.08
HCW 22.86 77.14 33.33 66.67 14.85 85.15 14.55 85.45
NF 32.67 67.33 34.48 65.52 22.86 77.14 25.53 74.47
PF 21.92 78.08 31.15 68.85 14.15 85.85 20.24 79.76
RC(S) 26.67 73.33 29.51 70.49 18.18 81.82 19.78 80.22
RC(SE) 20.53 79.47 19.3 80.7 25.24 74.76 19.34 80.66
Control 18.71 81.29 38.46 61.54 23.08 76.92 20.32 79.68
DN(70%) + DN 27.04 72.96 26.56 73.44 17.12 82.88 23.56 76.44
DN(70%) + HCW 22.73 77.27 27.27 72.73 15.6 84.4 19.66 80.34
DN(70%) + NF 29.33 70.67 28.07 71.93 20.41 79.59 233 76.7
DN(70%) + PF 30.67 69.33 40.00 60.00 28.57 71.43 21.76 78.24
DN(70%) + RC(S) 24.32 75.68 30.77 69.23 18.89 81.11 21.69 78.31
DN(70%) + RC(SE) 27.86 72.14 24.44 75.56 18.45 81.55 19.35 80.65

Pearson chi-
square: 16.7902 9.7281 14.3616 9.3312
P-Value: 0.209 0.716 0.349 0.747
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Table S5: Average marginal treatment effects based on interaction with age category with respect to
selecting the intent option for definitely accepting the COVID-19 vaccine, and agreeing to recommend the
vaccine to healthy adults, elderly, and people with pre-existing health conditions; in each experimental
arm relative to control arm.

Intention to
vaccinate
Marginal effects
[95% Confidence
Interval]
Adjusted p-value

Healthy adults

Marginal effects
[95% Confidence
Interval]
Adjusted p-value

Elderly

Marginal effects
[95% Confidence
Interval]
Adjusted p-value

Health condition

Marginal effects
[95% Confidence
Interval]
Adjusted p-value

DN(70%)
Age <30 -0.0210 -0.0357 0.0127 0.00830
[-0.0685,0.0265] [-0.0840,0.0127] [-0.0424,0.0677] [-0.0570,0.0736]
1.000 1.000 1.000 1.000
Age > 30 -0.0289 -0.0387 0.0512° 0.0242
[-0.0680,0.0103] [-0.0803,0.00287]  [-0.0974,-0.00510] [-0.0249,0.0732]
0.429 0.317 0.317 0.296
DN
Age <30 0.0207 -0.0280 0.0131 0.0656"
[-0.0273,0.0687] [-0.0750,0.0189] [-0.0420,0.0681] [0.00108,0.130]
1.000 1.000 1.000 0.977
Age > 30 -0.00321 -0.0278 -0.00806 0.0873"**
[-0.0435,0.0371] [-0.0687,0.0132] [-0.0532,0.0370] [0.0370,0.138]
0.549 0.356 0.843 0.014
HCW
Age <30 0.0121 -0.0128 -0.00853 0.0249
[-0.0352,0.0593] [-0.0576,0.0321] [-0.0631,0.0461] [-0.0408,0.0906]
1.000 1.000 1.000 1.000
Age > 30 -0.0147 -0.00527 -0.0349 0.0308
[-0.0553,0.0259] [-0.0462,0.0356] [-0.0814,0.0116] [-0.0187,0.0803]
0.549 0.61 0.455 0.249
NF
Age <30 -0.00890 -0.0302 0.000910 0.0518
[-0.0559,0.0381] [-0.0778,0.0174] [-0.0557,0.0575] [-0.0124,0.116]
1.000 1.000 1.000 0.977
Age > 30 -0.0493° -0.0218 -0.0286 0.0263
[-0.0892,-0.00942] [-0.0623,0.0186] [-0.0735,0.0162] [-0.0228,0.0753]
0.141 0.409 0.586 0.296
PF
Age <30 0.0224 0.0513" 0.00780 0.0574
[-0.0256,0.0703] [-0.102,-0.000985] [-0.0468,0.0624] [-0.00624,0.121]
1.000 1.000 1.000 0.977
Age > 30 -0.00322 -0.0104 -0.0234 0.0529"
[-0.0428,0.0363] [-0.0495,0.0286] [-0.0682,0.0213] [0.00324,0.103]
0.549 0.610 0.586 0.102
RC(S)
Age <30 0.0192 -0.0329 0.00768 0.0432
[-0.0277,0.0661] [-0.0800,0.0143] [-0.0447,0.0600] [-0.0192,0.106]
1.000 1.000 1.000 0.977
Age > 30 -0.0186 -0.0487" -0.0504" 0.0219
[-0.0585,0.0212] [-0.0917,-0.00572]  [-0.0977,-0.00300] [-0.0282,0.0720]
0.549 0.317 0.317 0.296
RC(SE)
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Age <30 0.0184 -0.0222 -0.000669 0.00916
[-0.0299,0.0668] [-0.0685,0.0240] [-0.0546,0.0533] [-0.0544,0.0728]
1.000 1.000 1.000 1.000
Age > 30 -0.0277 -0.00708 -0.00515 0.0391
[-0.0674,0.0119] [-0.0467,0.0325] [-0.0505,0.0402] [-0.0109,0.0891]
0.429 0.61 0.843 0.192
DN(70%)+DN
Age <30 0.00925 -0.0237 0.00825 0.0340
[-0.0376,0.0561] [-0.0697,0.0222] [-0.0450,0.0615] [-0.0293,0.0974]
1.000 1.000 1.000 0.977
Age > 30 -0.0249 -0.0386 -0.0125 0.0432
[-0.0643,0.0145] [-0.0809,0.00374] [-0.0565,0.0315] [-0.00711,0.0935]
0.429 0.317 0.843 0.161
DN(70%)+HCW
Age <30 0.0138 -0.0163 0.0221 0.0166
[-0.0333,0.0610] [-0.0612,0.0285] [-0.0300,0.0741] [-0.0460,0.0792]
1.000 1.000 1.000 1.000
Age > 30 -0.0281 -0.00652 0.00483 0.0651"
[-0.0680,0.0117] [-0.0469,0.0339] [-0.0392,0.0488] [0.0149,0.115]
0.429 0.61 0.843 0.043
DN(70%)+NF
Age <30 0.0175 -0.00655 -0.0202 0.0214
[-0.0647,0.0298] [-0.0526,0.0395] [-0.0768,0.0364] [-0.0422,0.0850]
1.000 1.000 1.000 1.000
Age > 30 -0.0481" -0.0340 -0.0388 0.0220
[-0.0883,-0.00788]  [-0.0767,0.00858]  [-0.0850,0.00755] [-0.0284,0.0724]
0.141 0.317 0.455 0.296
DN(70% )+PF
Age <30 -0.00288 -0.0227 -0.0520 -0.0198
[-0.0507,0.0450] [-0.0698,0.0244] [-0.109,0.00516] [-0.0840,0.0444]
1.000 1.000 1.000 1.000
Age > 30 -0.0246 -0.0261 -0.0244 0.0740™*
[-0.0637,0.0145] [-0.0663,0.0142] [-0.0695,0.0208] [0.0252,0.123]
0.429 0.356 0.586 0.019
DN(70%)+RC(S)
Age <30 0.0183 -0.0155 0.0147 0.0393
[-0.0304,0.0671] [-0.0626,0.0315] [-0.0412,0.0705] [-0.0238,0.103]
1.000 1.000 1.000 0.977
Age > 30 -0.0152 -0.0395 -0.0216 0.0463
[-0.0549,0.0245] [-0.0813,0.00236] [-0.0678,0.0246] [-0.00412,0.0966]
0.549 0.317 0.586 0.149
DN(70%)+RC(SE)
Age <30 0.00311 -0.0113 -0.0203 0.0187
[-0.0448,0.0510] [-0.0580,0.0353] [-0.0764,0.0358] [-0.0452,0.0826]
1.000 1.000 1.000 1.000
Age > 30 -0.0322 -0.0235 -0.0375 0.00169
[-0.0723,0.00791] [-0.0657,0.0187] [-0.0845,0.00940] [-0.0482,0.0516]
0.429 0.409 0.455 0.573
N 5784 5784 5784 5784

95% confidence intervals in brackets
*p<0.05 " p<0.01, " p<0.001
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Table S6: Average marginal treatment effects based on interaction with sex with respect to selecting the
intent option for definitely accepting the COVID-19 vaccine, and agreeing to recommend the vaccine to
healthy adults, elderly, and people with pre-existing health conditions; in each experimental arm relative

to control arm.

Intention to
vaccinate
Marginal effects
[95% Confidence
Interval]
Adjusted p-value

Healthy adults

Marginal effects
[95% Confidence
Interval]
Adjusted p-value

Elderly

Marginal effects
[95% Confidence
Interval]
Adjusted p-value

Health condition

Marginal effects
[95% Confidence
Interval]
Adjusted p-value

DN(70%)
Male -0.0306 -0.0352 -0.0149 0.0333
[-0.0743,0.0132] [-0.0800,0.00960] [-0.0663,0.0364] [-0.0228,0.0894]
0.418 0.779 1.000 0.264
Female -0.0208 -0.0419 -0.0371 0.00432
[-0.0626,0.0211] [-0.0869,0.00317] [-0.0866,0.0124] [-0.0507,0.0593]
1.000 0.482 0.739 1.000
DN
Male 0.00891 -0.0228 0.00913 0.0677"
[-0.0358,0.0536] [-0.0658,0.0202] [-0.0423,0.0605] [0.0120,0.123]
0.569 0.779 1.000 0.080
Female 0.00378 -0.0347 -0.00717 0.0942"
[-0.0390,0.0466] [-0.0799,0.0106] [-0.0547,0.0403] [0.0379,0.151]
1.000 0.482 0.810 0.014
HCW
Male -0.0313 -0.0203 -0.00954 0.0320
[-0.0747,0.0122] [-0.0649,0.0242] [-0.0605,0.0415] [-0.0231,0.0872]
0.418 0.779 1.000 0.264
Female 0.0271 0.00283 -0.0362 0.0273
[-0.0176,0.0719] [-0.0391,0.0447] [-0.0857,0.0133] [-0.0295,0.0841]
1.000 0.559 0.739 0.763
NF
Male 0.0461" -0.0397 -0.00518 0.0449
[-0.0900,-0.00210] [-0.0844,0.00497] [-0.0564,0.0461] [-0.0109,0.101]
0.316 0.779 1.000 0.209
Female -0.0205 20.0114 -0.0290 0.0277
[-0.0626,0.0216] [-0.0545,0.0316] [-0.0774,0.0195] [-0.0268,0.0823]
1.000 0.491 0.739 0.763
PF
Male -0.00465 -0.0202 0.0124 0.0736™
[-0.0489,0.0396] [-0.0646,0.0242] [-0.0386,0.0634] [0.0179,0.129]
0.569 0.779 1.000 0.08
Female 0.0177 -0.0312 -0.0320 0.0391
[-0.0244,0.0598] [-0.0743,0.0119] [-0.0793,0.0153] [-0.0160,0.0942]
1.000 0.482 0.739 0.695
RC(S)
Male -0.0254 -0.0382 0.0137 0.0401
[-0.0688,0.0181] [-0.0822,0.00578] [-0.0651,0.0376] [-0.0152,0.0955]
0.418 0.779 1.000 0.249
Female 0.0190 -0.0476" -0.0318 0.0266
[-0.0235,0.0614] [-0.0947,-0.000469] [-0.0801,0.0164] [-0.0285,0.0817]
1.000 0.482 0.739 0.763
RC(SE)
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Male -0.00755 -0.00113 0.0411 0.0580"
[-0.0521,0.0370] [-0.0428,0.0406] [-0.00898,0.0912] [0.00182,0.114]
0.569 0.779 1.000 0.121
Female -0.0114 -0.0260 -0.0429 0.00147
[-0.0535,0.0307] [-0.0700,0.0181] [-0.0914,0.00563] [-0.0536,0.0565]
1.000 0.482 0.739 1.000
DN(70% )+DN
Male -0.0286 -0.0287 -0.00707 0.0323
[-0.0717,0.0144] [-0.0719,0.0146] [-0.0576,0.0435] [-0.0231,0.0876]
0.418 0.779 1.000 0.264
Female 0.00629 -0.0375 -0.00104 0.0521
[-0.0359,0.0485] [-0.0836,0.00851] [-0.0466,0.0446] [-0.00375,0.108]
1.000 0.482 0.811 0.333
DN(70% )+HCW
Male -0.0337 -0.0243 0.0155 0.0233
[-0.0771,0.00977] [-0.0673,0.0187] [-0.0340,0.0651] [-0.0324,0.0790]
0.418 0.779 1.000 0.332
Female 0.0118 0.00619 0.00999 0.0698"
[-0.0309,0.0545] [-0.0364,0.0488] [-0.0357,0.0557] [0.0149,0.125]
1.000 0.559 0.740 0.085
DN(70% )+NF
Male -0.0583™ -0.0305 -0.0407 0.0326
[-0.102,-0.0150] [-0.0741,0.0131] [-0.0931,0.0117] [-0.0230,0.0882]
0.117 0.779 1.000 0.264
Female -0.00992 -0.0138 -0.0172 0.0155
[-0.0542,0.0344] [-0.0612,0.0336] [-0.0669,0.0325] [-0.0406,0.0716]
1.000 0.491 0.739 1.000
DN(70% )+PF
Male -0.0272 -0.0252 -0.0229 0.0452
[-0.0710,0.0165] [-0.0686,0.0183] [-0.0743,0.0285] [-0.00948,0.1000]
0.418 0.779 1.000 0.209
Female -0.00577 -0.0271 -0.0465 0.0322
[-0.0475,0.0360] [-0.0707,0.0165] [-0.0957,0.00279] [-0.0231,0.0875]
1.000 0.482 0.739 0.763
DN(70% )+RC(S)
Male -0.0134 -0.0229 0.00517 0.0673"
[-0.0572,0.0304] [-0.0664,0.0207] [-0.0458,0.0561] [0.0125,0.122]
0.555 0.779 1.000 0.08
Female 0.00870 -0.0418 -0.0178 0.0234
[-0.0346,0.0520] [-0.0877,0.00418] [-0.0678,0.0322] [-0.0329,0.0797]
1.000 0.482 0.739 0.856
DN(70% )+RC(SE)
Male -0.0412 -0.00707 -0.0366 0.0129
[-0.0855,0.00299] [-0.0501,0.0359] [-0.0895,0.0162] [-0.0425,0.0683]
0.352 0.779 1.000 0.427
Female 0.00501 -0.0320 -0.0217 0.00761
[-0.0381,0.0481] [-0.0785,0.0145] [-0.0709,0.0275] [-0.0482,0.0634]
1.000 0.482 0.739 1.000
N 5784 5784 5784 5784
95% confidence intervals in brackets
*p<0.05 " p<0.01, " p<0.001
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Table S7: Average marginal treatment effects based on interaction with education level with respect to
selecting the intent option for definitely accepting the COVID-19 vaccine, and agreeing to recommend the
vaccine to healthy adults, elderly, and people with pre-existing health conditions; in each experimental
arm relative to control arm.

Intention to Healthy adults Elderly Health condition
vaccinate
Marginal effects Marginal effects Marginal effects Marginal effects
[95% Confidence [95% Confidence [95% Confidence [95% Confidence
Interval] Interval] Interval] Interval]
Adjusted p-value Adjusted p-value Adjusted p-value Adjusted p-value
DN(70%)
Below tertiary -0.0209 -0.00277 -0.0429 0.000846
[-0.0633,0.0214] [-0.0465,0.0410] [-0.0917,0.00600] [-0.0547,0.0564]
1.000 1.000 0.283 1.000
Above tertiary -0.0305 -0.0792"* -0.00658 0.0287
[-0.0739,0.0129] [-0.126,-0.0322] [-0.0590,0.0458] [-0.0270,0.0844]
1.000 0.014 1.000 0.103
DN
Below tertiary 0.00112 -0.0113 0.00700 0.0726"
[-0.0430,0.0453] [-0.0572,0.0346] [-0.0417,0.0557] [0.0165,0.129]
1.000 1.000 0.831 0.167
Above tertiary 0.0123 -0.0455" -0.00643 0.116™
[-0.0311,0.0558] [-0.0875,-0.00349] [-0.0565,0.0436] [0.0574,0.174]
1.000 0.066 1.000 0.001
HCW
Below tertiary -0.0143 0.0163 -0.0415 0.00298
[-0.0569,0.0284] [-0.0269,0.0595] [-0.0911,0.00803] [-0.0539,0.0599]
1.000 1.000 0.283 1.000
Above tertiary 0.0125 -0.0336 -0.00318 0.0502
[-0.0337,0.0587] [-0.0770,0.00974] [-0.0543,0.0479] [-0.00489,0.105]
1.000 0.097 1.000 0.052
NF
Below tertiary -0.0315 0.00302 -0.0186 0.00534
[-0.0743,0.0114] [-0.0406,0.0466] [-0.0673,0.0300] [-0.0503,0.0610]
1.000 1.000 0.675 1.000
Above tertiary -0.0342 -0.0567" -0.0179 0.0618"
[-0.0776,0.00920] [-0.101,-0.0121] [-0.0690,0.0333] [0.00695,0.117]
1.000 0.038 1.000 0.031
PF
Below tertiary 0.00972 -0.0128 -0.0214 0.0183
[-0.0321,0.0515] [-0.0566,0.0311] [-0.0683,0.0255] [-0.0357,0.0724]
1.000 1.000 0.590 1.000
Above tertiary 0.00348 -0.0358 0.00157 0.0895™
[-0.0420,0.0490] [-0.0796,0.00802] [-0.0507,0.0538] [0.0314,0.148]
1.000 0.097 1.000 0.012
RC(S)
Below tertiary 0.00604 -0.0377 -0.0459 -0.0181
[-0.0363,0.0484] [-0.0849,0.00951] [-0.0950,0.00314] [-0.0737,0.0375]
1.000 1.000 0.283 1.000
Above tertiary -0.0138 -0.0446" 0.00356 0.0815™
[-0.0576,0.0301] [-0.0881,-0.00114] [-0.0473,0.0544] [0.0263,0.137]
1.000 0.071 1.000 0.012
RC(SE)
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Below tertiary -0.00230 0.00582 -0.0144 -0.00624
[-0.0453,0.0407] [-0.0381,0.0498] [-0.0634,0.0345] [-0.0626,0.0501]
1.000 1.000 0.696 1.000
Above tertiary -0.0177 -0.0326 0.00795 0.0585"
[-0.0612,0.0258] [-0.0742,0.00897] [-0.0415,0.0574] [0.00354,0.113]
1.000 0.097 1.000 0.035
DN(70%)+DN
Below tertiary -0.0179 -0.0219 -0.0159 -0.0126
[-0.0596,0.0238] [-0.0667,0.0228] [-0.0629,0.0312] [-0.0686,0.0434]
1.000 1.000 0.687 1.000
Above tertiary -0.000547 -0.0382 0.00924 0.0929*
[-0.0451,0.0440] [-0.0832,0.00671] [-0.0403,0.0588] [0.0373,0.148]
1.000 0.097 1.000 0.007
DN(70%)+HCW
Below tertiary -0.00594 0.0155 0.0235 0.0310
[-0.0502,0.0383] [-0.0273,0.0583] [-0.0240,0.0711] [-0.0257,0.0877]
1.000 1.000 0.590 1.000
Above tertiary -0.0151 -0.0380 0.00278 0.0597"
[-0.0569,0.0268] [-0.0810,0.00503] [-0.0447,0.0503] [0.00578,0.114]
1.000 0.097 1.000 0.031
DN(70% )+NF
Below tertiary -0.0414 -0.0117 -0.0723" -0.0245
[-0.0847,0.00202] [-0.0582,0.0349] [-0.124,-0.0209] [-0.0805,0.0314]
1.000 1.000 0.085 1.000
Above tertiary -0.0287 -0.0353 0.0162 0.0694"
[-0.0722,0.0149] [-0.0786,0.00793] [-0.0346,0.0670] [0.0129,0.126]
1.000 0.097 1.000 0.022
DN(70% )+PF
Below tertiary -0.00792 0.00264 -0.0333 0.0307
[-0.0512,0.0354] [-0.0412,0.0465] [-0.0840,0.0173] [-0.0254,0.0868]
1.000 1.000 0.354 1.000
Above tertiary -0.0243 -0.0555" -0.0372 0.0428
[-0.0666,0.0180] [-0.0987,-0.0122] [-0.0874,0.0130] [-0.0115,0.0970]
1.000 0.038 1.000 0.054
DN(70%)+RC(S)
Below tertiary 0.00694 -0.000504 -0.00328 0.00893
[-0.0370,0.0509] [-0.0447,0.0437] [-0.0531,0.0465] [-0.0479,0.0657]
1.000 1.000 0.935 1.000
Above tertiary -0.0113 -0.0660" -0.0113 0.0776™
[-0.0543,0.0317] [-0.111,-0.0205] [-0.0623,0.0397] [0.0230,0.132]
1.000 0.025 1.000 0.012
DN(70%)+RC(SE)
Below tertiary -0.0162 -0.00923 -0.0552" -0.0343
[-0.0596,0.0271] [-0.0548,0.0364] [-0.106,-0.00451] [-0.0904,0.0217]
1.000 1.000 0.247 1.000
Above tertiary -0.0193 -0.0253 -0.00203 0.0497
[-0.0633,0.0247] [-0.0691,0.0185] [-0.0534,0.0494] [-0.00570,0.105]
1.000 0.162 1.000 0.052
N 5784 5784 5784 5784
95% confidence intervals in brackets
*p<0.05 " p<0.01, " p<0.001
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Supplementary Figures

The top concern among Malaysians
about the COVID-19 vaccine is
safety and side effects

But did you know that...

Around 70 % of Malaysians said that
they will get the COVID-19 vaccine.

Will you join them?

Source : Ministry of Health, Malaysia; 31 December 2020

Get the COVID-19 Vaccine.
It’s safe and effective!

The top concern among Malaysians
about the COVID-19 vaccine is
safety and side effects

But did you know that...

e The COVID-19 vaccine was tested
with thousands of people,
including the elderly and people with
existing health conditions.

« Now, millions of people worldwide

have received it.

When it's your turn, you can be
confident that it is safe and effective.

Source: Kyriakidis et al. NPJ Vaccines. 2021 February 22;6(1):28
John Hopkins Coronavirus Resource Centre, United States of America

Get the COVID-19 Vaccine.
It’s safe and effective!

Figure S1: Examples of actual messages used in the survey experiment.
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Reasons cited by respondents who remained hesitant to vaccinate according to
proportion, % (n = 2,085)

Worried about safety or side effects 74.53

Vaccine not tested adequately

Concerned about effectiveness

Wait for more people to be vaccinated

Concerned about ingredients

19.33

Concerned over not geting vaccine of choice
Not at risk of getting COVID-19

Food or medication allergy

Not seriously ill if get COVID-19

15.49
13.62
10.31
Planning to have children in the next 12 months 6.67
Not supportive of COVID-19 vaccines 6.52
5.08
3.26

o] 10 20 30 40 50 60 70 80

Pregnant or breast feeding
Others

Figure S2: Tabulation of reasons for remaining hesitant to vaccinate according to proportion of
participants who remained hesitant after message exposure.

Reasons cited by respondents who remained hesitant to recommend healthy
adults according to proportion, % (n = 801)

Worried about safety or side effects of vaccine 69.91
Vaccine not tested adequately

Concerned about effectiveness

Unwilling to be held responsible if anything happens
Concerned about ingredients

Wait for more people to be vaccinated

Not at risk of getting COVID-19

Concerned that they wont get vaccine of choice

Not seriously ill if get COVID-19

Do not support vaccine

Others

80

Figure S3: Tabulation of reasons for remaining hesitant to recommend the COVID-19 vaccine to healthy
adults according to proportion of participants who remained hesitant after message exposure.
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Reasons cited by respondents who remained hesitant to recommend elderly
according to proportion, % (n = 1,447)

Worried about safety or side effects of vaccine 80.17
Vaccine not tested adequately

Concerned about effectiveness

Unwilling to be held responsible if anything happens
Wait for more people to be vaccinated

Concerned about ingredients

Concerned that they wont get vaccine of choice

Not at risk of getting COVID-19

Not seriously ill if get COVID-19

Do not support vaccine

Others

Figure S4: Tabulation of reasons for remaining hesitant to recommend the COVID-19 vaccine to the
elderly according to proportion of participants who remained hesitant after message exposure.

Proportion of respondents citing reason for vaccine recommendation hesitancy to
family members with medical condition, % (n = 2,487)

Worried about safety or side effects of vaccine 79.33
Vaccine not tested adequately

Unwilling to be held responsible if anything happens
Concerned about effectiveness

Wait for more people to be vaccinated

Concerned about ingredients

Concerned that they wont get vaccine of choice

Not seriously ill if get COVID-19

Not at risk of getting COVID-19

Do not support vaccine

Others

0 90
Figure S5: Tabulation of reasons for remaining hesitant to recommend the COVID-19 vaccine to people

with any pre-existing health conditions according to proportion of participants who remained hesitant
after message exposure.
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Supplementary material: Author Reflexivity Statement

When do persuasive messages on vaccine safety steer COVID-19
vaccine acceptance and recommendations? Behavioural insights from
a randomised controlled experiment in Malaysia.

1. How does this study address local research and policy priorities?

This study addresses the need to investigate what message frames are effective at influencing
Malaysians to take up the COVID-19 vaccine, as well as recommending it to others in society. At the
time of the study, Malaysia was just only rolling out the COVID-19 vaccination programme and there
was an urgent need to determine what message frames would be effective to bolster vaccination

registration and uptake rates.

2. How were local researchers involved in study design?

The first group of local researchers who initiated the research question and idea were NYLH and
YLW. Both researchers were based at the Institute for Clinical Research at the Malaysian National
Institute of Health and were well connected and capable of conducting, leading, and organising local
and international research collaborations. The second group of researchers who were invited by the
core team to plan and discuss the conduct of the research project were local researchers based in local
academic, research and government policy institutions (YKL, NML, KP, NHAS and AI). These
researchers were from a diverse background and had intermediate to advanced research skills that
helped solidify the study design. The third group of local researchers consisted were from a non-

governmental organisation (JKH and EW) and had specific experience in risk communication, which

Hing NYL, et al. BMJ Global Health 2022; 7:€009250. doi: 10.1136/bmjgh-2022-009250



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Global Health

is a vital part of this study. JCF was the only research member who was based abroad in a high-
income country. JCF was invited to join the study to provide his expertise related to behavioural
economics. Therefore, almost the entire research team who are based in a middle-income country
were actively involved with the study design. Our researcher that is based in a high income country
was mainly responsible for providing guidance and support in terms of ensuring study design and

interventions used were valid and scientifically sound.

3. How has funding been used to support the local research team?

Funding was mainly used to engage the services of an international market research compan (i.e.

Dynata) to conduct the study’s online survey through their survey panel in Malaysia.

4. How are research staff who conducted data collection acknowledged?

All members of the research team were included into the authorship of this paper as a form of

acknowledgement for their contributions offered.

5. Do all members of the research partnership have access to study data?

All members of the partnership have access to the data except JCF. This exception is due to data

confidentiality and security restrictions imposed by the Malaysian government for government owned

data. Data cannot be transferred abroad unless a formal application is applied by the foreign party.

6. How was data used to develop analytical skills within the partnership?
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JCF was consulted by members of the Malaysian research team who were tasked with data analysis.
Knowledge transfer obtained from consultations provided sufficient analytical skills needed to analyse

data.

7. How have research partners collaborated in interpreting study data?

Two online meetings were held among all study team members during the process of study data
interpretations. Meetings involved presenting summary of data collected, discussion of analysis plans,
presentation of draft and finalized results, and data interpretations. Three other separate online
meetings were held between NYLH, CTL and JCF to discuss further queries and data interpretation

during manuscript write up.

8. How were research partners supported to develop writing skills?

NYLH, who is the main author of the current manuscript, was guided and supported by JCF who is a
senior academic at the London School of Economics and Political Science. Guidance and support
entailed writing style, techniques to formulate critical discussions, and assistance in editing the final

manuscript.

9. How will research products be shared to address local needs?

Research outputs were shared to local and international stakeholders who were involved with risk

communication activities to improve COVID-19 vaccination uptake among Malaysians. These
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included the Health Education Division at the Malaysian Ministry of Health, the World Health

Organisation (Western Pacific Region) and UNICEF, Malaysia.

10. How is the leadership, contribution and ownership of this work by LMIC researchers

recognised within the authorship?

Authors NYLH and JCF worked as part of the authorship team in developing this manuscript.
Their contribution has been recognised as joint first and joint last authors respectively. Hence
both middle income and high income country authors share main authorships for this paper,

amidst an authorship team that is predominantly based in a middle-income country.

11. How have early career researchers across the partnership been included within the

authorship team?

We have included an early career researcher (NML) within the authorship team. She attended all
project meetings, contributed to the literature review, and assisted with both the development and
validation of the survey questionnaire and experimental messages. We acknowledge that she is based

in a middle-income country.

12. How has gender balance been addressed within the authorship?

Seven authors are male (NYLH, YLW, CTL, YKL, JKH, Al and JCF) and Al) and four authors are

female (NML, EW, KP and NHAS). We admit that gender balance was slightly skewed towards
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males in this study’s authorship list. We hope to ensure a more gender balanced group of authors in

the future.

13. How has the project contributed to training of LMIC researchers?

The project has exposed and taught Malaysian researchers in the team on how to conduct behavioural

insights research work, along with data analysis techniques arising from such projects.

14. How has the project contributed to improvements in local infrastructure?

This project has not directly contributed to improvements in local infrastructure.

15. What safeguarding procedures were used to protect local study participants and

researchers?

Local study participants were safeguarded by not collecting their personal identifiers throughout the
online survey. Dynata does not share personal information of participants who responded to the
survey, in accordance to data privacy policies. This question is not directly applicable to researchers

as the study conduct only requires recruited participants to answer an online survey.
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