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Key points

Question

Do updates to beliefs about vaccines a↵ect confidence in vaccination?

Findings

In a panel survey in February 2021 and March 2022 in Japan, before and after COVID-
19 vaccines were administered to the public in Japan, out of 15,000 respondents of the
first wave, 9,668 responded to the second wave, we used “COVID arm” symptoms as our
instrument. Experiencing such symptoms significantly reduced confidence in the safety
of vaccination but did not the acknowledged importance of vaccination in general.

Meaning

Updates to beliefs a↵ected confidence in vaccination. Acknowledgment of general vacci-
nation importance was likely to have factored in the uncertainty.



Abstract

Importance

Public health depends on both medical treatment development and the public’s willing-
ness to take such treatment.

Objective

To determine whether having experienced delayed localized hypersensitivity reactions
to COVID-19 vaccines, i.e., “COVID arm” symptoms a↵ect confidence in the safety of
vaccination, willingness to take COVID-19 vaccines, and the acknowledgement of the
importance of vaccination, and also confidence in science.

Design

We implemented a survey in February 2021 and March 2022 in Japan, before and after
COVID-19 vaccines were administered to the public in Japan, and we used “COVID
arm” symptoms, which are independent of one’s prior confidence in vaccination, as our
instrument.

Setting

We conducted a panel survey on internet.

Participants

Out of the non-probability sample of 15,000 respondents in the first wave in February
2021, 9,668 responded to the second wave conducted in March 2022.

Intervention

We used “ COVID arm” symptoms as a natural experiment conditional on the back-
ground characteristics of the respondents.

Main Outcomes and Measures

Main outcomes are whether having experienced “COVID arm” symptoms a↵ected 1)
confidence in the safety of vaccination; 2) willingness to take the next dose of COVID-
19 vaccines, 3) acknowledgment of the importance of vaccination, and 4) confidence in
science. Measures are marginal means of the probability of a positive reaction to each
question.
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Results

Experiencing “COVID arm” symptoms significantly lowered confidence in the safety
of vaccination by 3.4 percentage points and the probability of taking a second and
third dose of COVID-19 vaccine by 1.2 and 3.4 percentage points, respectively. Adverse
impacts were observed regardless of prior confidence in vaccination. Experiencing such
symptoms a↵ected neither the acknowledged importance of vaccination nor confidence
in science.

Conclusions and relevance

Updates to beliefs about side e↵ects a↵ected confidence in the safety of vaccination.
Acknowledgment of vaccination importance and general confidence in science are likely to
have factored in the uncertainty and to be tolerant of updates to one’s beliefs about side
e↵ects. Belief updates of specific treatments had asymmetric impacts on the treatment
and medicine in general.

Trial Registration

The design of the survey was preregistered with the American Economic Association’s
RCT Registry [1].

Keywords Belief updates | “COVID arm” symptoms as instrument | Confidence in
vaccination | Recognized importance of vaccination | Confidence in science.
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1 Introduction

General confidence in and perceived risk of technologies are associated [2]. Public health

depends on the development of medical treatments and also confidence in the developed

treatments, which would a↵ect the public’s willingness to take the treatments. Public

confidence in medical treatment is likely to depend on prior beliefs about the benefits

and risks of the treatment. Events that alter such beliefs might a↵ect the public’s

confidence in medicine. However, it is di�cult to observe this change systematically and

hence to identify the causality of certain events regarding belief updates and changes in

confidence in medicine under ordinary circumstances.

The COVID-19 pandemic provided unusual circumstances in which we can test hy-

potheses about such changes. First, since COVID-19 vaccines were a new treatment for

everyone, the uncertainty surrounding the related e↵ects and side e↵ects was higher [3],

provided that higher expected probabilities of side e↵ects of COVID-19 vaccines would

discourage vaccination [4, 5, 6, 7, 8, 7, 9, 10, 11, 12, 13]. Second, a substantial sub-

set of recipients experienced delayed localized hypersensitivity reactions to COVID-19

vaccines [14, 15]; such reactions, collectively referred to as “COVID arm” have been ob-

jectively observed. Additionally, “COVID arm” symptoms are likely to be independent

of the vaccine recipients’ beliefs about vaccination, science, and authority prior to get-

ting vaccinated, conditional on possible confounders such as the recipients’ background

characteristics. To investigate whether the uncomfortable event of vaccination has af-

fected the public’s confidence in vaccination, authorities’ licensing process for vaccines,

and science in general through belief updates, we conducted a panel survey in Japan

in February 2021, when COVID-19 vaccines were not yet administered to the public in

Japan, and in March 2022, when the first and second doses were available to anyone. In

the first and second waves, we asked the same questions regarding confidence in vacci-
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nation and the vaccine licensing authority in Japan. In the second wave, we also asked

the respondents about confidence in science in general.

Our data and findings are novel first in the sense that we asked the same respondents

about their beliefs regarding vaccination both before and after getting vaccinated against

COVID-19 and second because we used a side e↵ect of vaccination, namely, “COVID

arm” symptoms, which were perceived by the respondents separately from their beliefs

about vaccines, as our instrument.

2 Our aim

Di↵erent beliefs about vaccines would lead to di↵erent levels of confidence in vaccination

and hence to a range of willingness to get vaccinated. Using panel data from Germany,

Schmelz and Bowles showed that one factor associated with opposition to COVID-19

vaccination is beliefs about the e�cacy of the vaccines [16]. Using data from the UK,

Freeman et al. found that the provision of information about vaccine e�cacy reduces

vaccine hesitancy [17]. By Southeast Asian data, Duong and Antriyandarti also found

that respondents who were more informed about e�cacy were less vaccine-hesitant [18].

Using extensive panel data from 12 countries, Algan et al. also found that confidence in

science is significantly associated with attitudes toward vaccinations [19].

These contributions are substantial. However, as Schmelz and Bowles admitted, we

cannot rule out the possibility of reverse causality, in which people may change their

attitudes toward vaccination to justify a change in their own opinions about vaccination

[16].

Thus, our research question was whether experiencing an unexpected side e↵ect from

COVID-19 vaccines, which implies an update to belief after the vaccines’ side e↵ects,

a↵ected confidence in vaccination. Specifically, we used the occurrence of “COVID arm”
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symptoms as our instrument to identify the causality of experiences that can alter beliefs

about vaccines on confidence in vaccination.

3 Method

3.1 Panel survey

In the first and second waves, we recruited a nonprobability sample of 15,000 Japanese

adults through a survey company, Rakuten Insight Ltd.1 The first wave took place from

February 17, 2021, to March 4, 2021, and the median response time was 7 minutes. The

second wave took place from March 7, 2022, to March 22, and the median response time

was 8 minutes. In both waves, we asked respondents about their confidence in vaccina-

tion, their confidence in the vaccine licensing authority’s process, and their recognition

of the importance of vaccination. Out of the 15,000 respondents in the first wave, 9,668

also participated in the second wave, who formed our sample.

In the second wave, we asked whether the participants had taken the first and second

doses of the COVID-19 vaccine, whether they had experienced “COVID arm” symptoms,

whether they had already taken a third dose of the vaccine and if not, whether they

wanted to do so. We also asked about their confidence in science and scientists in

general.

In both waves, we asked about the following demographic, socioeconomic, and politi-

cal background characteristics: age, gender, marital status, children, siblings, prefecture

of residence, working status, highest educational degree, personal income, household in-

come, self-perceived social status, party support, self-perceived degree of right-leaning

1
Detailed information about Rakuten Insight’s respondent pool is available from its web-

site. https://insight.rakuten.co.jp/download/PanelProfile_EN.pdf and https://insight.
rakuten.co.jp/download/PanelCharacteristicSurveyEN.pdf.
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political beliefs, and degree of dissatisfaction with current politics. In the second wave,

we also asked whether the participants had any chronic diseases.

3.2 A natural experiment conditional on background charac-

teristics

When we designed this survey, we assumed that the occurrence of “COVID arm” symp-

toms would be independent of recipients’ beliefs about vaccines, the vaccine licensing au-

thority in Japan, and science in general. After studying the data we collected, we found

that the occurrence of “COVID arm” symptoms was associated with certain background

characteristics and that confidence in vaccination, the vaccine licensing authority, and

science were also associated with certain background characteristics.

In summary, our data indicated that “COVID arm” symptoms and beliefs about

vaccines, the vaccine licensing authority in Japan, and science in general were condition-

ally independent given the background characteristics examined, which did not change

before or after experiencing “COVID arm” symptoms. Therefore, we analyzed the data

of respondents who took COVID-19 vaccines, controlling for background characteristics,

as a natural experiment.

3.3 Treatment and predicted outcomes

Between the first wave in February 2021 and the second wave in March 2022, some

of the vaccine recipients experienced “COVID arm” symptoms. We considered the

occurrence of “COVID arm” symptoms as a treatment. We predicted that “COVID

arm” symptoms, which caused an unexpected increase in the cost of receiving medical

treatment, would a↵ect beliefs about vaccines and that the belief updates would a↵ect

confidence in vaccination, the vaccine licensing authority, and science in general.
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3.4 Identification and estimation strategy

Consider potential outcome Yvl,i (Di) regarding confidence in vaccination, where Di de-

notes whether the person experienced “COVID arm” symptoms such that

Di =

8
><

>:

1 if respondent i experienced “COVID arm” symptoms,

0 otherwise.
(1)

For Yvl,i (Di), l denotes

1. Whether respondent i considered vaccination in general to be safe,

2. Whether respondent i was confident in the vaccine licensing process by the Japanese

authority, the Ministry of Health, Labour and Welfare,

3. Whether respondent i acknowledged the importance of vaccination in general,

4. Whether respondent i took a second dose of the COVID vaccine,

5. Whether respondent i took or wanted to take a third dose of the COVID vaccine,

such that

Yvl,i (Di) =

8
><

>:

1 if respondent i answers “yes”,

0 otherwise,
(2)

for l = 1, ..., 5.

As a supplementary survey, we asked the respondents about their general confidence
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in science in general in the second wave such that

Ys,i (Di) =

8
>>>>>>><

>>>>>>>:

1 if respondent i was strongly confident in science,

2 if respondent i was moderately confident in science,

3 if respondent i was not confident in science very much,

4 if respondent i was not confident in science at all.

(3)

Then, we obtained three outcome variables such that

Ys1,i (Di) =

8
><

>:

1 if Ys,i (Di) = 1,

0 otherwise,

Ys2,i (Di) =

8
><

>:

1 if Ys,i (Di)  2,

0 otherwise,

Ys3,i (Di) =

8
><

>:

1 if Ys,i (Di)  3,

0 otherwise.

(4)

Thus, the value of our interest is the expected di↵erence in marginal means between

when having experienced “COVID arm” symptoms, Di = 1 and when not, Di = 0 such

that

⌧ (x) = E [Yj,i (1)� Yj,i (0) |Xi = x] , (5)

where j 2 {v1, v2, v3, v4, v5, s1, s2, s3} and Xi denote the background characteristics of

respondent i.

As discussed in subsection 3.2, “COVID arm” symptoms Di and confidence in vacci-

nation, the vaccine licensing authority in Japan, and science Yj,i satisfy the unconfound-
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edness assumption conditional on background characteristics Xi such that

Di ?? [Yj,i (0) , Yj,i (1)]
��Xi.

Therefore, we identified equation (5) as a causal e↵ect of “COVID arm” symptoms Di

on the confidence in vaccination and the vaccine licensing authority Yv,i, and confidence

in science Ys,i, given Xi.

We wanted to obtain the average treatment e↵ect as the augmented inverse propen-

sity weight estimator of ⌧ (x) and its best linear predictor. To construct the augmented

inverse propensity weighted (AIPW) estimator, we estimated ⌧ (x) of equation (5) by a

causal forest algorithm, applying a partial linear model using a double/debiased machine

learning algorithm [20, 21, 22], and we estimated the outcome and propensity by the

random forest algorithm [23]. Last, we regressed the AIPW score estimates on Xi by

OLS to obtain the best linear predictor of E [⌧ (x)]. All algorithms we implemented are

included in the grf package for R [24].

4 Descriptive statistics

4.1 Progress in COVID-19 vaccination progress

The status of vaccination in Japan is summarized as follows. First, Pfizer’s vaccine was

approved by the Ministry of Health, Labour, and Welfare on February 14, 2021, and

the priority vaccination of healthcare workers and others began on February 17, 2021.

On April 12, 2021, the prioritized vaccination of approximately 36 million older adults

began; at this time, vaccination by municipal governments also began. The Ministry

approved the Moderna and AstraZeneca vaccines on May 21 of the same year. The

7



first round of vaccination started in earnest around May 2021, with the number of daily

doses peaking between July and August of the same year. According to the Vaccination

Record System, Digital Agency, Government of Japan, the first dose intake rate from

February 17 to March 4, 2021, the time of the first survey, was almost 0%. The first

intake rate at the time of the second survey, from March 7 to March 22, 2022, was just

under 80%.2

4.2 Overview

Descriptive statistics of our sample’s background characteristics Xi for i = 1 . . . 9, 668

are presented in Table A1 in the supplemental appendix. Out of 9,668 respondents who

participated in both waves, the 8,321 respondents who received a first dose formed our

primary sample. The Japanese government has supplied both the Pfizer and Moderna

vaccines for its domestic vaccination program. In our sample, recipients of both the

Moderna vaccine and the Pfizer vaccine reported experiencing “COVID arm” symptoms.

The self-reported “COVID arm” symptoms in our sample included both the severe

symptoms triggered often by the Moderna vaccine and less severe symptoms.

Respondents who had received a first dose of a COVID-19 vaccine as of March 2022

accounted for 86.0% of our sample, those who received a second dose accounted for

84.0%, and those who received or wanted to take a third dose accounted for 32.2%.

Among those who did not experience “COVID arm” symptoms during the first dose,

98% took a second dose; among those who experienced the symptoms during the first

dose, 97% took a second dose. Furthermore, 38% of those who did not experience the

symptoms took or wanted to take a third dose, while 37% of those who experienced

the symptoms took or wanted to take a third dose, as of February 2022. Therefore,

2https://info.vrs.digital.go.jp/ Accessed on July 16, 2022.
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experiencing “COVID arm” symptoms was associated with a reduction in the uptake

of a second dose and the uptake of or willingness to take a third dose by 1 percentage

point each time.

4.3 Balancing covariates

Figure A1 in the supplemental appendix presents a regression of the probability of expe-

riencing “COVID arm” symptoms on the four primary background characteristics: age,

gender, vaccine type, and chronic disease status. As reported [14, 15, 25], experiencing

“COVID arm” was strongly associated with taking the Moderna vaccine. Additionally,

female respondents were more likely to report “COVID arm” symptoms than male re-

spondents as having been reported, and younger people were less likely to report such

symptoms than older people, as having been reported [26, 27]. Having a chronic disease

showed a positive but small association with experiencing “COVID arm” symptoms.

Furthermore, as Figure A2 after adjusting the sample according to these four covariates

in the supplemental appendix shows, associations of background characteristics with

“COVID arm” symptoms were beyond the four primary covariates.

Figure A3 in the supplemental appendix presents the means of “COVID arm” symp-

toms predicted by background characteristics Xi for two groups subsampled by whether

they experienced the symptoms. Respondents who experienced the symptoms are shown

to have a higher predicted median probability of the symptoms. Meanwhile, Figure A3

shows that the mean of either subsample approaches neither 1 nor 0, which allowed us

to balance the sample by weighting Xi.

Therefore, our estimates of ⌧ (x) in equation (5) deployed augmented inverse propen-

sity weighting to estimate E [⌧ (x)]. We also adopted a conservative approach for esti-

mating the confidence intervals, as suggested by Holm [28].
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5 Results

5.1 Confidence in vaccination

Figure 1 presents the estimated average treatment e↵ects E [⌧ (x)] characterized by

equation (5). The scale of the horizontal axis is the predicted change, due to experiencing

“COVID arm” symptoms, in probability of having taken or wanting to take a third dose,

having taken a second dose, considering vaccination in general as safe, acknowledging

vaccination as being important, and being confident in the vaccine licensing authority.

Figure 1 demonstrates that experiencing “COVID arm” symptoms significantly de-

creased confidence in the safety of vaccines by 3.4 percentage points. Additionally,

experiencing “COVID arm” symptoms significantly reduced the probability of taking

a second dose of COVID-19 vaccines by 1.2 percentage points and the probability or

willingness to take a third dose by 4.3 percentage points. “COVID arm” symptoms neg-

atively but insignificantly a↵ected confidence in the vaccine licensing authority. How-

ever, “COVID arm” symptoms barely a↵ected the acknowledgement of the importance

of vaccination in general.

In summary, updates of beliefs about vaccine side e↵ects due to experiencing “COVID

arm” symptoms adversely a↵ected participants’ confidence in the safety of vaccination

and their probability of taking a second dose and taking or wanting to take a third dose.

However, the change in the perceived risk of side e↵ects did not a↵ect the acknowledged

importance of vaccination. We interpreted this result as indicating that the recognition of

the vaccination’s importance had already factored in uncertainty regarding vaccination,

so this recognition tolerant to belief updates regarding the estimable risks of side e↵ects.
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−0.034

0

−0.016

−0.012

−0.043

Whether confident in the vaccine licensing authority: Yes

Whether considering vaccination as important: Yes

Whether considering vaccination in general as safe: Yes

Whether having taken a second dose: Yes

Whether having taken or wanting to take a third dose: Yes

−0.050 −0.025 0.000
estimate

O
ut

co
m

e Holm's P−value
a
a

Larger than 5%

Less than 5%

Figure 1: Impact of “COVID arm” symptoms on confidence in vaccination.

Notes: According to equations (2) and (5), the estimates indicate the change in the

predicted probability of taking a second and taking or wanting to take a third dose. The

confidence interval was adjusted by the Bonferroni method, in addition to the p-values

adjusted by the Holm method [28]. Point estimates of confidence intervals are presented

in Table A2 in the supplemental appendix.



Figure A4 and Figure A5 in the supplemental appendix present the approximated

conditional average treatment e↵ects on the confidence in vaccination and the probability

of taking a second dose and of taking or wanting to take a third dose by linearly regressing

those outcomes on the background characteristics. No element except for employer size

had a significant impact on the treatment e↵ect of “COVID arm” symptoms, which

means that the treatment e↵ects were found across background characteristics.

Furthermore, Figures A4 and A5 demonstrate that the treatment e↵ect of “COVID

arm” symptoms was found regardless of the prior level of confidence in vaccination and

the vaccine licensing authority before getting vaccinated. Also irrelevant to treatment

e↵ects were prior indications of vaccine hesitancy before receiving COVID-19 vaccines,

such as postponing vaccination instead of doctors’ recommendations. The adverse im-

pacts of “COVID arm” symptoms on confidence in vaccination did not depend on prior

confidence in vaccination or vaccine hesitancy but did depend on belief updates regarding

the side e↵ects of vaccines.

5.2 Confidence in science

In a second survey wave conducted in March 2022, we also asked the respondents about

their confidence in science in general, as described by equation (4), as a supplementary

study. Figure 2 presents ⌧ (x) on the confidence in science in general, calculated by

equation (5). The impact of “COVID arm” symptoms on one’s confidence in science

in general was weak. Only the probability of being “strongly confident in science,”

calculated by equation (4), was weakly significantly lowered by experiencing “COVID

arm” symptoms. We interpreted this result in parallel to the insignificant result for

the acknowledged importance of vaccination in Figure 1. That is, confidence in science

in general had already factored in the chance of uncertain outcomes following vaccina-
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tion and was thus tolerant of belief updates regarding risks estimable associated with

vaccination.

−0.012

0.002

0.003

Strongly confident in science

Strongly confident or modestly confident in science

Strongly confident, modestly confident, or modestly unconfident in science

−0.02 0.00 0.02
estimate

O
ut

co
m

e

Holm's P−value
a Larger than 5%

Figure 2: Impacts of “COVID arm” symptoms on confidence in science.

Notes: Point estimates of confidence intervals are presented in Table A3 in the supple-

mental appendix.

Additionally, Figure A6 in the supplemental appendix presents the approximated

conditional average treatment e↵ects by linearly regressing the outcome on background

characteristics. The results show the insignificant e↵ect of experiencing “COVID arm”

symptoms on general confidence in science across background characteristics.

6 Conclusion

In February 2021 and March 2022, we asked the same respondents about their confidence

in vaccination and in March 2022 about whether they had experienced “COVID arm”

symptoms. We found that experiencing “COVID arm” symptoms significantly decreased

their confidence in the safety of vaccination and the probability of taking a second dose

and taking or wanting to take a third dose of COVID-19 vaccines. Adverse impacts were

found regardless of the prior confidence in vaccination.

Meanwhile, experiencing “COVID arm” symptoms did not a↵ect the acknowledged
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general importance of vaccination and general confidence in science. We interpret these

irrelevance results as being because these recognitions had already factored in uncer-

tainties such that the recognitions were tolerant to belief updates regarding risks now

estimable of side e↵ects.
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Supplemental appendix

SA 1 Descriptive statistics

Table A1 presents descriptive statistics of the respondents’ background characteristics.
We first classified the sample into respondents who took a first dose of COVID-19 vac-
cines and those who did not. Next, we partitioned the respondents who took a first dose
into those who experienced “COVID arm” symptoms and those who did not.

We found di↵erences between vaccine recipients and those who had not taken a
first dose as of March 2022 in terms of income levels, age, educational achievement,
and political beliefs. On average, vaccine hesitant individuals were younger and less
educated, more likely to be unmarried, and more likely to be politically independent
than vaccine recipients. A striking di↵erence between the vaccine recipients and those
who were vaccine hesitant was in the evolution of their confidence in the vaccination.
Among those who had taken the first dose of COVID-19 vaccine as of March 2022, 25%
were not confident in vaccination in February 2021, but the percentage fell to 18% in
March 2022. The experience of taking the COVID-19 vaccine was accompanied by a
rise in confidence in vaccination. In contrast, among those who had not taken the first
dose of COVID-19 vaccine as of March 2022, 56% were not confident in vaccination in
February 2021, and the percentage climbed to 70% in March 2022. Thus, the division
between vaccine recipients and vaccine hesitant individuals in terms of confidence in
vaccination deepened. However, the deepening of this division in Japan that existed
before vaccine rollout is not the focus of our work. Our interest is in how “COVID arm”
symptoms, as an unexpected shock, a↵ected beliefs about vaccination among recipients
of the first dose of the COVID-19 vaccine. Therefore, we used the 8,321 respondents who
received a first dose and participated in both the first and second waves as our primary
sample.
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Table A1. Descriptive statistics.
Have taken first dose Have not taken first dose
of COVID-19 vaccine of COVID-19 vaccine

Characteristics COVID arm: Yes COVID arm: No
N = 3,2141 N = 5,0981 N = 1,3561

Confident in science, Mar 2022
Strongly confident 585 (18%) 1,056 (21%) 160 (12%)
Confident to some extent 2,248 (70%) 3,465 (68%) 869 (64%)
Not confident very much 327 (10%) 489 (9.6%) 227 (17%)
other2 54 (1.7%) 88 (1.7%) 100 (7.4%)
Confident in vaccination
in general, Mar 2022
Confident 2,477 (77%) 4,160 (82%) 384 (28%)
Not confident 715 (22%) 909 (18%) 954 (70%)
other2 22 (0.7%) 29 (0.6%) 18 (1.3%)
Thinking about vaccination
important in general, Mar 2022
Important 2,854 (89%) 4,551 (89%) 531 (39%)
Not important 286 (8.9%) 440 (8.6%) 786 (58%)
other2 74 (2.3%) 107 (2.1%) 39 (2.9%)
Confident in vaccination
licensing by Ministry of
Health, Labour and Welfare, Mar 2022
Confident 2,631 (82%) 4,271 (84%) 409 (30%)
Not confident 553 (17%) 790 (15%) 919 (68%)
other2 30 (0.9%) 37 (0.7%) 28 (2.1%)
Have taken first dose
of COVID-19 vaccine, Mar 2022
Yes 3,214 (100%) 5,098 (100%) 0 (0%)
No 0 (0%) 0 (0%) 1,277 (94%)
other2 0 (0%) 0 (0%) 79 (5.8%)
Have taken second dose
of COVID-19 vaccine, Mar 2022
Yes 3,113 (97%) 5,008 (98%) 0 (0%)
Do not remember 56 (1.7%) 57 (1.1%) 1,356 (100%)
other2 45 (1.4%) 33 (0.6%) 0 (0%)
Have taken third dose
of COVID-19 vaccine, Mar 2022
Yes 1,174 (37%) 1,939 (38%) 0 (0%)
No 1,911 (59%) 3,028 (59%) 0 (0%)
Do not remember 129 (4.0%) 131 (2.6%) 1,356 (100%)
Will take third dose
of COVID-19 vaccine, Mar 2022
Will take 1,453 (45%) 2,427 (48%) 0 (0%)
Have not decided 345 (11%) 462 (9.1%) 0 (0%)
Do not know 1,306 (41%) 2,076 (41%) 1,356 (100%)
other2 110 (3.4%) 133 (2.6%) 0 (0%)
Which type of COVID-19 vaccine
as of Mar 2022
Pfizer 2,201 (68%) 4,038 (79%) 0 (0%)
Moderna 922 (29%) 895 (18%) 0 (0%)
Do not remember 44 (1.4%) 66 (1.3%) 1,356 (100%)
other2 47 (1.5%) 99 (1.9%) 0 (0%)
Have contracted
COVID-19, Feb 2021
No 3,116 (97%) 4,943 (97%) 1,257 (93%)
other2 98 (3.0%) 155 (3.0%) 99 (7.3%)
Have taken any
vaccines, Feb 2021
Yes 1,624 (51%) 2,532 (50%) 443 (33%)
No 1,550 (48%) 2,497 (49%) 860 (63%)
other2 40 (1.2%) 69 (1.4%) 53 (3.9%)
Confident in vaccination,
Feb 2021
Trust 2,189 (68%) 3,577 (70%) 484 (36%)
Do not trust 869 (27%) 1,269 (25%) 753 (56%)
Do not know 156 (4.9%) 252 (4.9%) 119 (8.8%)
Consider vaccination
important, Feb 2021
Important 2,693 (84%) 4,269 (84%) 709 (52%)
Not important 372 (12%) 594 (12%) 506 (37%)
Do not know 149 (4.6%) 235 (4.6%) 141 (10%)
Trust in vaccine
licensing by Ministry of Health,
Labour and Welfare Feb 2021
Trust 2,363 (74%) 3,803 (75%) 557 (41%)
Do not trust 603 (19%) 929 (18%) 604 (45%)
other2 248 (7.7%) 366 (7.2%) 195 (14%)
Whether have avoided
vaccination due to concerns
about risk or e�cacy of
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vaccines, Feb 2021.
Yes 569 (18%) 776 (15%) 429 (32%)
No 2,536 (79%) 4,146 (81%) 827 (61%)
other2 109 (3.4%) 176 (3.5%) 100 (7.4%)
Have postponed
vaccination recommended
by a doctor, Feb 2021
Yes 264 (8.2%) 381 (7.5%) 192 (14%)
No 2,869 (89%) 4,581 (90%) 1,072 (79%)
other2 81 (2.5%) 136 (2.7%) 92 (6.8%)
Trust whose opinion
regarding vaccination, Feb 2021
Family or good friends 215 (6.7%) 311 (6.1%) 147 (11%)
Doctor 2,332 (73%) 3,798 (74%) 678 (50%)
Internet 309 (9.6%) 425 (8.3%) 227 (17%)
Other sources 284 (8.8%) 423 (8.3%) 216 (16%)
other2 74 (2.3%) 141 (2.8%) 88 (6.5%)
Think COVID-19
vaccination should
be mandatory, Feb 2021
Yes 1,591 (50%) 2,671 (52%) 295 (22%)
No 1,446 (45%) 2,152 (42%) 931 (69%)
Do not want to answer 157 (4.9%) 255 (5.0%) 123 (9.1%)
other2 20 (0.6%) 20 (0.4%) 7 (0.5%)
Think COVID-19
vaccines should be
fully subsidized by
the government, Feb 2021
Yes 2,730 (85%) 4,393 (86%) 965 (71%)
No 373 (12%) 557 (11%) 281 (21%)
other2 111 (3.5%) 148 (2.9%) 110 (8.1%)
Gender
Male 1,555 (48%) 2,955 (58%) 675 (50%)
Female 1,659 (52%) 2,143 (42%) 681 (50%)
other2 0 (0%) 0 (0%) 0 (0%)
Age, Feb 2021

49 (39, 59) 51 (42, 61) 45 (35, 53)
Prefecture of residence, Feb 2021
Saitama 184 (5.7%) 278 (5.5%) 71 (5.2%)
Chiba 171 (5.3%) 272 (5.3%) 66 (4.9%)
Tokyo 470 (15%) 764 (15%) 176 (13%)
Kanagawa 297 (9.2%) 437 (8.6%) 114 (8.4%)
Aichi 206 (6.4%) 321 (6.3%) 92 (6.8%)
Osaka 245 (7.6%) 387 (7.6%) 134 (9.9%)
other2 1,641 (51%) 2,639 (52%) 703 (52%)
Marital status, Feb 2021
Unmarried 858 (27%) 1,252 (25%) 570 (42%)
Married 2,067 (64%) 3,404 (67%) 660 (49%)
Divorced or bereaved 277 (8.6%) 417 (8.2%) 120 (8.8%)
other2 12 (0.4%) 25 (0.5%) 6 (0.4%)
Number of children, Feb 2021
0 1,329 (41%) 2,013 (40%) 773 (57%)
1. 538 (17%) 814 (16%) 197 (15%)
2. 988 (31%) 1,638 (32%) 257 (19%)
3. 322 (10%) 536 (11%) 98 (7.3%)
4. 23 (0.7%) 73 (1.4%) 20 (1.5%)
5. or more 9 (0.3%) 18 (0.4%) 5 (0.4%)
other2 5 6 6
Working status, Feb 2021
Employed 2,311 (72%) 3,703 (73%) 946 (70%)
Unemployed 894 (28%) 1,384 (27%) 408 (30%)
other2 9 (0.3%) 11 (0.2%) 2 (0.1%)
Employment type, Feb 2021
Nonregular worker 625 (19%) 1,010 (20%) 259 (19%)
Regular worker 1,474 (46%) 2,315 (45%) 524 (39%)
Self-employed 180 (5.6%) 337 (6.6%) 138 (10%)
Do not know 906 (28%) 1,399 (27%) 412 (30%)
other2 29 (0.9%) 37 (0.7%) 23 (1.7%)
Job title, Feb 2021
No title 1,359 (70%) 2,045 (67%) 571 (80%)
Team leader 86 (4.4%) 120 (3.9%) 24 (3.3%)
Assistant manager 197 (10%) 307 (10%) 59 (8.2%)
Manager 191 (9.9%) 364 (12%) 39 (5.4%)
Division manager 102 (5.3%) 221 (7.2%) 25 (3.5%)
no response3 1,279 2,041 638
Size of employer, Feb 2021
1–4 employees 84 (4.4%) 119 (4.0%) 44 (6.2%)
5–29 employees 294 (16%) 481 (16%) 133 (19%)
30–99 employees 315 (17%) 486 (16%) 139 (19%)
100–499 employees 432 (23%) 695 (23%) 153 (21%)
500 or more 765 (40%) 1,222 (41%) 246 (34%)
Public servant 143 (7.0%) 216 (6.7%) 44 (5.8%)
no response3 1,324 2,095 641
no response3 1,181 1,879 597
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Personal income, Feb 2021
Less than 0.50 million yen 527 (16%) 681 (13%) 316 (23%)
0.50–0.99 million yen 263 (8.2%) 344 (6.8%) 118 (8.7%)
1.00–1.49 million yen 249 (7.8%) 369 (7.3%) 97 (7.2%)
1.50–1.99 million yen 161 (5.0%) 306 (6.0%) 93 (6.9%)
2.0–2.49 million yen 234 (7.3%) 393 (7.7%) 100 (7.4%)
2.50–2.99 million yen 188 (5.9%) 318 (6.3%) 93 (6.9%)
3.00–3.99 million yen 359 (11%) 610 (12%) 138 (10%)
4.00–4.99 million yen 340 (11%) 563 (11%) 133 (9.8%)
5.00 million yen or more 882 (28%) 1,496 (29%) 263 (19%)
no response3 11 18 5
Household income, Feb 2021
2.00–2.49 million yen 159 (4.9%) 250 (4.9%) 80 (5.9%)
2.50–2.99 million yen 160 (5.0%) 251 (4.9%) 85 (6.3%)
3.00–3.99 million yen 355 (11%) 611 (12%) 164 (12%)
4.00–4.99 million yen 386 (12%) 640 (13%) 156 (12%)
5.00–5.99 million yen 377 (12%) 579 (11%) 143 (11%)
6.00–6.99 million yen 299 (9.3%) 453 (8.9%) 115 (8.5%)
7.00–7.99 million yen 291 (9.1%) 444 (8.7%) 113 (8.3%)
8.00–8.99 million yen 222 (6.9%) 371 (7.3%) 66 (4.9%)
9.00–9.99 million yen 191 (5.9%) 271 (5.3%) 48 (3.5%)
10 million yen or more 496 (15%) 781 (15%) 162 (12%)
other 278 (8.6%) 447 (8.8%) 224 (17%)
Highest degree, Feb 2021
Junior high school 36 (1.1%) 51 (1.0%) 46 (3.4%)
High school 705 (22%) 1,186 (23%) 375 (28%)
Some college 722 (23%) 1,026 (20%) 339 (25%)
College 1,516 (47%) 2,501 (49%) 541 (40%)
Graduate School 228 (7.1%) 324 (6.4%) 53 (3.9%)
other2 7 10 2
Party support, Feb 2021
Independent 1,769 (55%) 2,762 (54%) 864 (64%)
Opposition parties 650 (20%) 978 (19%) 242 (18%)
Ruling parties 787 (24%) 1,353 (27%) 245 (18%)
other2 8 (0.2%) 5 (¡0.1%) 5 (0.4%)
Satisfaction with current politics, Feb 2021
Substantially satisfied 28 (0.9%) 66 (1.3%) 25 (1.9%)
Satisfied to some extent 338 (11%) 589 (12%) 95 (7.0%)
Neither satisfied nor dissatisfied 811 (25%) 1,313 (26%) 353 (26%)
Dissatisfied to some extent 903 (28%) 1,346 (26%) 293 (22%)
Substantially dissatisfied 1,125 (35%) 1,782 (35%) 585 (43%)
other2 9 2 5
Self-perceived degree of right-leaning political beliefs
0: Completely left; 10: Completely right

6.00 (6.00, 7.00) 6.00 (6.00, 7.00) 6.00 (6.00, 6.00)
other2 57 99 43
Self-perceived social status
1: Highest; 10: Lowest

6.00 (5.00, 8.00) 6.00 (5.00, 8.00) 6.00 (6.00, 8.00)
other2 37 61 35

1 Number of responses (%) or median (interquartile range).
2 Responses whose shares are 5% or less are summed and collectively referred to as “other”.
3 This question was irrelevant to the respondent or the respondent skipped the question. We allowed respondents to skip a question when
they wanted to.
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SA 2 Balancing covariates

Figure A1 presents standardized mean di↵erences of the probability of experiencing
the “COVID arm” between unadjusted and adjusted groups regarding four primary
background characteristics: age, sex, Moderna vaccine recipient, and chronic disease
status.

Chronic disease: Yes

First dose: Moderna

Sex: Women

Age

−0.2 −0.1 0.0 0.1 0.2
Standardized Mean Differences

Sample
Unadjusted

Adjusted

Covariate Balance

Figure A1: Covariate balances for primary variables.

Figure A2 presents linear regressions of whether respondents experienced “COVID
arm” symptoms on background characteristics. Even after balancing the four pri-
mary background characteristics presented in Figure A1, the probability of experiencing
“COVID arm” symptoms was associated with a wide range of other background char-
acteristics, although the absolute values of the coe�cients were smaller.

After balancing Before balancing

−0.2 −0.1 0.0 0.1 0.2 0.3 −0.2 −0.1 0.0 0.1 0.2 0.3
Age

Chronical disease: Yes
Degree of disatisfaction with politics

First doese of COVID vaccine: Moderna
Highest degree of education

Household income
Job title

Job title: NA
Marital status: Divorced/bereaved

Marital status: Married
Number of children

Own income
Party support: Opposition

Party support: Ruling
Pfecture: Tokyo

Prefecture: Aichi
Prefecture: Chiba

Prefecture: Kanagawa
Prefecture: Osaka
Prefecture: Others

Self−perceived degree of right−leaning
Self−perceived social stratum

Sex: Women
Size of emoloyer

Size of employer: NA
Whether at work: No

Whether confident in vaccination in general, Feb 2021: No
Whether confident in vaccine lisencing, Feb 2021: No

Whether confident in vaccine lisencing, Feb 2021: No answer
Whether considering vaccination important, Feb 2021: No

Whether having avoided vaccination, Feb 2021: No
Whether having posponed vaccination suggested by doctor: No

Whether having taken any vaccine, February 2021: Yes
Whether to make vaccination mandate, Feb 2021: No

Whether to make vaccination mandate, Feb 2021: Yes/no response
Whether vaccination to be fully subsidized, Feb 2021: No

Whose information to trust regarding vaccination, Feb 2021: Doctor
Whose information to trust regarding vaccination, Feb 2021: Internet

Whose information to trust regarding vaccination, Feb 2021: Other
Working status: Regular worker
Working status: Self−employed

Figure A2: Covariate balances for all background characteristics.

We partitioned the sample into two subsamples depending on whether they actually
experienced “COVID arm” symptoms and then predicted the means of “COVID arm”
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symptoms by background characteristics. As Figure A3shows, respondents who experi-
enced “COVID arm” symptoms had a higher predicted median probability of “COVID
arm” symptoms conditional on background characteristics .
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Figure A3: Predicted probability of experiencing “COVID arm” symptoms conditional
on background characteristics.

SA 3 Point estimates of primary results

Table A2 presents point estimates of the results shown in Figure 1.

Table A2. Point estimates of Figure 1.
Outcome Estimate Std. error Statistic p value confidence low confidence high N
Whether considering vaccination
in general as safe: Yes -0.03 0.01 -3.93 0.00 -0.06 -0.01 8311
Whether considering vaccination
as important: Yes -0.00 0.01 -0.04 0.97 -0.02 0.02 8311
Whether confident in the vaccine
licensing authority: Yes -0.02 0.01 -2.01 0.04 -0.04 0.00 8311
Whether having taken
a second dose: Yes -0.01 0.00 -3.47 0.00 -0.02 -0.00 8311
Whether having taken
or wanting to take a third dose: Yes -0.04 0.01 -3.97 0.00 -0.07 -0.01 8311

Table A3 presents the point estimates of the results shown in Figure 2.
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Table A3. Point estimates of Figure 2.
Outcome Estimate Std. error Statistic p value Confidence low Confidence high N
Strongly confident in science -0.01 0.01 -1.42 0.16 -0.03 0.01 8311
Strongly confident or
modestly confident in science 0.00 0.01 0.27 0.79 -0.02 0.02 8311
Strongly confident,
modestly confident,
or modestly unconfident in science 0.00 0.00 0.89 0.37 -0.00 0.01 8311

SA 4 Supplementary results

Figure A4 and Figure A5 present the approximated average treatment e↵ects on the
confidence in vaccination, the probability of taking a second dose, and the probability
of taking or wanting to take a third dose, conditional on background characteristics
Xi. These e↵ects are estimated by the best linear predictor, which regresses the av-
erage treatment e↵ects on normalized Xi, E[⌧(x)|Xi = x] ⇡ �0 + � ⇥ Xi, based on
a debiased estimation method [29]. Except for the size of employer with the predicted
treatment e↵ects on confidence in the vaccine licensing authority, background character-
istics were not significantly associated with the predicted treatment e↵ects of “COVID
arm” symptoms.

Whether confident in the vaccine licensing authority: Yes Whether considering vaccination as important: Yes Whether considering vaccination in general as safe: Yes

−0.05 0.00 0.05 0.10 −0.05 0.00 0.05 0.10 −0.05 0.00 0.05 0.10
Age

Chronical disease: Yes
Degree of disatisfaction with politics

First doese of COVID vaccine: Moderna
Highest degree of education

Household income
Job title

Job title: NA
Marital status: Divorced/bereaved

Marital status: Married
Number of children

Own income
Party support: Opposition

Party support: Ruling
Pfecture: Tokyo

Prefecture: Aichi
Prefecture: Chiba

Prefecture: Kanagawa
Prefecture: Osaka
Prefecture: Others

Self−perceived degree of right−leaning
Self−perceived social stratum

Sex: Women
Size of emoloyer

Size of employer: NA
Whether at work: No

Whether confident in vaccination in general, Feb 2021: No
Whether confident in vaccine lisencing, Feb 2021: No

Whether confident in vaccine lisencing, Feb 2021: No answer
Whether considering vaccination important, Feb 2021: No

Whether having avoided vaccination, Feb 2021: No
Whether having posponed vaccination suggested by doctor: No

Whether having taken any vaccine, February 2021: Yes
Whether to make vaccination mandate, Feb 2021: No

Whether to make vaccination mandate, Feb 2021: Yes/no response
Whether vaccination to be fully subsidized, Feb 2021: No

Whose information to trust regarding vaccination, Feb 2021: Doctor
Whose information to trust regarding vaccination, Feb 2021: Internet

Whose information to trust regarding vaccination, Feb 2021: Other
Working status: Regular worker
Working status: Self−employed

Holm's P−value Larger than 5% Less than 5%

Figure A4: Impacts of “COVID arm” symptoms on confidence in vaccination: Best
linear predictor.

25



Whether having taken a second dose: Yes Whether having taken or wanting to take a third dose: Yes
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Marital status: Married
Number of children

Own income
Party support: Opposition

Party support: Ruling
Pfecture: Tokyo

Prefecture: Aichi
Prefecture: Chiba

Prefecture: Kanagawa
Prefecture: Osaka
Prefecture: Others

Self−perceived degree of right−leaning
Self−perceived social stratum

Sex: Women
Size of emoloyer

Size of employer: NA
Whether at work: No

Whether confident in vaccination in general, Feb 2021: No
Whether confident in vaccine lisencing, Feb 2021: No

Whether confident in vaccine lisencing, Feb 2021: No answer
Whether considering vaccination important, Feb 2021: No

Whether having avoided vaccination, Feb 2021: No
Whether having posponed vaccination suggested by doctor: No

Whether having taken any vaccine, February 2021: Yes
Whether to make vaccination mandate, Feb 2021: No

Whether to make vaccination mandate, Feb 2021: Yes/no response
Whether vaccination to be fully subsidized, Feb 2021: No

Whose information to trust regarding vaccination, Feb 2021: Doctor
Whose information to trust regarding vaccination, Feb 2021: Internet

Whose information to trust regarding vaccination, Feb 2021: Other
Working status: Regular worker
Working status: Self−employed

Holm's P−value Larger than 5%

Figure A5: Impacts of “COVID arm” symptoms on the probability of taking a second
dose and of taking or wanting to take a third dose: Best linear predictor.

Figure A6 presents the approximated average treatment e↵ects on confidence in
science in general, conditional on background characteristics Xi. They are estimated by
the best linear predictor, E[⌧(x)|Xi = x] ⇡ �0+�⇥Xi. The predicted treatment e↵ects
of “COVID arm” symptoms on confidence in science in general were not significantly
associated with background characteristics Xi.
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Prefecture: Others
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Self−perceived social stratum
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Size of emoloyer

Size of employer: NA
Whether at work: No

Whether confident in vaccination in general, Feb 2021: No
Whether confident in vaccine lisencing, Feb 2021: No

Whether confident in vaccine lisencing, Feb 2021: No answer
Whether considering vaccination important, Feb 2021: No

Whether having avoided vaccination, Feb 2021: No
Whether having posponed vaccination suggested by doctor: No

Whether having taken any vaccine, February 2021: Yes
Whether to make vaccination mandate, Feb 2021: No

Whether to make vaccination mandate, Feb 2021: Yes/no response
Whether vaccination to be fully subsidized, Feb 2021: No

Whose information to trust regarding vaccination, Feb 2021: Doctor
Whose information to trust regarding vaccination, Feb 2021: Internet

Whose information to trust regarding vaccination, Feb 2021: Other
Working status: Regular worker
Working status: Self−employed

Holm's P−value Larger than 5%

Figure A6: Impacts of “COVID arm” symptoms on confidence in science: Best linear
predictor.
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