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Abstract: Parental willingness is a prerequisite for childhood immunization. This study evaluated whether
parental vaccination readiness and willingness, measured using the modified Japanese 7C Vaccination
Readiness Scale, predicted vaccination behavior. In December 2021, 2 months before the approval of COVID-
19 vaccination for children aged 5-11 years in Japan, we asked 1,190 parents of children in this age groups
about their intention regarding vaccinating their children against COVID-19 using an online modified 7C
Vaccination Readiness Scale, consisting of seven components, namely, Confidence, Complacency, Constraints,
Calculation, Collective responsibility, Compliance, and Conspiracy. The modified 7C components were
analyzed for model fit and association with parental intention using structural equation modeling. The model
fit of the modified 7C scale was good (goodness-of-fit index: 0.98), and the factor loadings and model fit for
parental readiness were high (standardized factor loadings: 0.84). In January 2024, we asked the same parents
about their children's COVID-19 vaccination status (valid responses: 536). The components of the modified 7C
scale were compared with actual vaccination behavior. Parents with a low readiness to vaccinate their children
against COVID-19 had a high actual non-vaccination rate. The use of the modified 7C scale may assist in the
development of childhood vaccination interventions.

Keywords: parental intention; children; vaccine preparation scale; vaccination; specificity; sensitivity; vaccine
hesitancy; prevention

1. Introduction

Childhood immunization helps protect children from vaccine-preventable diseases [1-3]. As
parents decide whether to vaccinate their children, childhood immunization rates depend on
parental intention, access to resources, and health-related behavior [4,5]. A psychometrically valid
measurement scale allows for a better understanding of parental vaccination readiness, potentially
facilitating targeted interventions to increase vaccination rates among children [6].

For adults, intention to be vaccinated has been assessed with the 3C [7] or 5C [8] scales, which
are psychological measures that reflect readiness to be vaccinated [9-17]. The 3C scale includes
Confidence (trust in the safety and efficacy of vaccines, health services, and government),
Complacency (tendency to ignore vaccines because of low perceived risk of infectious disease), and
Constraints (structural or psychological barriers to vaccination in daily life). The 5C scale includes
Calculation (engagement in extensive information searching that indicates a deliberate comparison
of the risks of infection and vaccination from which to make an informed decision) and Collective
responsibility (the tendency to consider the protection of others in the decision to vaccinate) in
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addition to the factors included in the 3C scale. During the COVID-19 pandemic, a new 7C
Vaccination Readiness Scale (7C) was developed [6] by adding Compliance (support for societal
monitoring and sanctioning of people who are not vaccinated), and Conspiracy (conspiracy thinking
and belief in fake news related to vaccination) to the 5C scale. The 7C Vaccination Readiness Scale
has the following two characteristics: (1) The measure assesses an individual's readiness and
willingness to be vaccinated rather than vaccine hesitancy; and (2) it assesses seven psychological
components relevant to vaccination readiness [6]. The 7C Vaccination Readiness Scale has been
shown to reflect the vaccination intentions of adults [18-20]. Vaccination readiness, willingness, and
coverage vary by time, type of vaccine, and place [21-28]. Therefore, regional studies are necessary.
Machida et al. [29] developed a Japanese version of the 7C for adults. However, until the end of 2021,
it was not known whether this scale could be adopted to assess parental readiness to vaccinate their
children. In 2021, we modified the Japanese version of the 7C Vaccination Readiness Scale, created
by Machida et al. [29], to create a parental version and administered it to parents. In 2024, we
reinterviewed the same parents to investigate actual vaccination rates and validated the modified 7C
scale.

The purpose of this study was to evaluate whether parental vaccination readiness and
willingness using the modified Japanese 7C Vaccination Readiness Scale, predicted vaccination
behavior.

2. Materials and Methods

2.1. Survey Respondents and Data Collection

For the baseline survey, we conducted an online survey of adults from December 20 to 22, 2021
[30]. At the time of the survey, COVID-19 vaccines had not yet been approved for use in children
aged 5-11 years in Japan; the two-dose regimen had been approved for ages 12 years and older, and
booster vaccinations for adults in the general population had not yet been introduced [31]. The
respondents were 1190 men and women with children under the age of 11 years who were registered
with an online survey company (Macromill, Inc., Tokyo, Japan) [30]. The follow-up survey was
conducted in January 26 to 29,2024, two years after the start of the COVID-19 vaccination program in
children aged 5-11 years.

2.2. Measurement Methods (Baseline Survey)

Sociodemographic factors measured included sex, age, occupation, residential region, marital
status (married or unmarried), presence of children under the age of 11 years in the household,
household income category (< 4 million yen, > 4 million yen), level of education (high school,
vocational school, or university), and concern about adverse events. We also asked respondents how
many doses of COVID-19 vaccine they had received, and whether they had experienced any adverse
events, including fever, fatigue, headache, chills, vomiting, diarrhea, muscular pain, arthralgia, or
anaphylactic shock.

Parental intention to vaccinate their children against COVID-19 was assessed by their response
to the following statement: “When a pediatric vaccine for COVID-19 becomes available, I will have
my children vaccinated.” A 5-point Likert scale was used with the following choices: strongly
disagree, disagree, neither agree nor disagree, agree, and strongly agree.

Because the Japanese version of the 7C Vaccination Readiness Scale is for adults [6,29,32], we
modified the scale by adding “child” or “school”, as described by Geiger et al. [6] and Machida et al.
[29] (Table 1). The questions for Compliance and Conspiracy were intentionally left as general, rather
than as COVID-19-specific statements, as they were in the original.

Table 1. Modification of the Japanese version of the 7C Vaccination Readiness Scale (short version for
parents)


https://doi.org/10.20944/preprints202410.0508.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 October 2024

d0i:10.20944/preprints202410.0508.v1

7C scale original version Modified 7C scale Modified 7C scale
Short version original version Japanese version
Confidence I am convinced the I am convinced the BT REZRBEET hi/NIR (1
appropriate authorities appropriate authorities do HU THEMN TER L
do only allow effective only allow effective and j
and safe vaccines. safe vaccines for children. V0F 2 DAEFHAT
HEHELTLA.
Complacency | I get vaccinated because | I get my child vaccinated INEDRRST B LR
it is too risky to get because it is too risky for CREEDOTTEL
infected. children to get infected.
CFprEEE2IIs ¢
5.
Constraints Vaccinations are so Vaccinations are so FEBIEFELIC &
important to me that I important for my child that S TETHAEDT
prioritize getting I prioritize getting them
vaccinated over other vaccinated over other MO & LN LERE
things. things. ER-R
Calculation I only get vaccinated I only get my child FEINEHRHELVIE S
when the benefits clearly | vaccinated when the M EERZEE DA
outweigh the risks. (R) benefits clearly outweigh
the risks. (R) ThHEEEZTSE
5. (R)
Collective I see vaccination as a I see_vaccinations as a FRHERIIERTOR
responsibility | collective task against the | collective task against the SOEEER O
spread of diseases. spread of disease in _
schools. SHTERILERS.
Compliance | It should be possible to It should be possible to REEHEBEC £ 5 FBh%z
sanction people who do sanction parents who do = g
not follovs thz not follovl\)f the vaccination ROERC4E ;b_ti A
vaccination recommendations by L@ HEEmME 5
recommendations by health authorities. ENTEAHESCTAN
health authorities. X1
Conspiracy Vaccinations cause Vaccinations cause JoF L OEREIE %
diseases and allergies diseases and allergies that NDESERS CRES & D
that are more serious are more serious than the
than the diseases they diseases they ought to Lo ERAL AR
ought to protect from. (R) | protect from. (R) 7L F—%5|EE
C9.(R)

The original abbreviated version of the "Parental Readiness Scale for Vaccinating Children" and the abbreviated
Japanese version developed for this project. The underlined text indicates statements that have been added. ‘R’
marks items scored in a descending order.

Although the original version of the 7 C Vaccination Readiness Scale was scored using a 7-point
Likert scale, we used a 5-point Likert scale in this study due to the space limitations of the web-based
questionnaire. The scores on the 5-point Likert scale were as follows: strongly disagree = 1 point,
disagree = 2 points, neither agree nor disagree = 3 points, agree = 4 points, and strongly agree = 5
points. Scores were assigned in ascending order for Confidence, Complacency, Constraints,
Collective responsibility, and Compliance, and in descending order for Calculation and Conspiracy,
as in the original study [6]. Higher scores indicated greater vaccination readiness [6].

2.3. Follow-up Survey
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Parents were asked how many doses of COVID-19 vaccine their children aged 5 to 11 years
had received, and their response was recorded.

2.4. Statistical Analysis

Statistical analysis included 1190 parents of children aged 5 to 11 years. The parental
characteristics at baseline were analyzed according to their intention to vaccinate their children
against COVID-19. Chi-square, Kruskal-Wallis, and Fisher’s exact tests were used to test the
characteristics associated with parental intention to vaccinate their children.

To assess the structural validity of the modified scale, a confirmatory factor analysis was
conducted according to the method described by Geiger et al. [6]. The model fit was considered
acceptable if the goodness-of-fit index (GFI) was > 0.90, Bentler-Bonett Normed Fit Index (NFI) > 0.90,
root mean square error of approximation (RMSEA) < 0.08, and standardized root mean squared
residual (SRMR) < 0.11 [6,26,29,33].

The modified scale was analyzed for model fit and association with parental intention to
vaccinate the children using structural equation modeling. Spearman correlation coefficients (o) were
calculated for the correlation between parental intention to vaccinate their children and the modified
scale. We calculated the percentage of children who had received the COVID-19 vaccine, by each
component of the 7C scale. The data were analyzed using SAS version 9.4 (SAS Institute Inc. Cary,
NC, USA).

2.5. Ethical Considerations

This study was approved by the Ethics Committee of Saga University (approval number: R2-24;
date of approval: November 30, 2020). Respondents were informed that the survey was part of the
research and that the results may be published after anonymized processing. Respondents were also
informed that the analysis would not affect confidentiality. Respondents answered the survey
questions only if they agreed to participate. Respondents were asked to answer each question to
avoid missing responses. The responses were stored in a secure password-protected database.

3. Results

3.1. Parental Attributes and Intention Regarding Vaccinating Their Children Against COVID-19

The most common response to the statement about parents' intentions to vaccinate their children
prior to the approval of the COVID-19 vaccine was “neither agree nor disagree” (36.5%), indicating
that the respondents were undecided, followed by “agree” (34.3%). Parents who indicated the
intention to vaccinate their children tended to be older, were less likely to report “concern about
adverse events,” and were more likely to have received more than two doses of COVID-19 vaccine
(Table 2).

Table 2. Parental intention to have their children vaccinated against COVID-19 according to parental

characteristics.
When a pediatric vaccine for COVID-19 becomes available,
I will vaccinate my children
Strongl
y Undecide Strongly
disagree  Disagree d Agree agree
(N=88) (N=154) (N =430) (N =405) (N=113) P-
Characteristic n (%) n (%) n (%) n (%) n (%) value?
Percent of responses (7.4%) (12.9%) (36.1%) (34.0%) (9.5%)
Sex 0.009
Male 36 (40.9) 58(377) 171(39.8) 178(44.0) 65 (57.5)

Female 52(59.1) 96 (623) 259 (602) 227 (56.1) 48 (42.5)
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When a pediatric vaccine for COVID-19 becomes available,
I will vaccinate my children

Strongl
y Undecide Strongly
disagree  Disagree d Agree agree
(N=88) (N=154) (N =430) (N =405) (N=113) P-
Characteristic n (%) n (%) n (%) n (%) n (%) value?
Age (years), mean + SD 375+ 365+66 37.6+78 403+9.0 39.8+9.0 <0.001°
6.5
Residential region 0.544
Hokkaido 4 (4.6) 7 (4.6) 22 (5.1) 19 (4.7) 6 (5.3)
Tohoku 6 (6.8) 5(3.3) 19 (4.4) 22(5.4) 7 (6.2)
Kanto 22 (25.0) 37 (24.0) 136 (31.6) 131 (32.4) 43 (38.1)
Chubu 14 (159) 36 (23.4) 83 (19.3) 80 (19.8) 17 (15.0)
Kinki 22 (25.0)  30(19.5) 82 (19.1) 74 (18.3) 24 (21.2)
Chugoku 6 (6.8) 7 (4.6) 26 (6.1) 27 (6.7) 5 (4.4)
Shikoku 3(34) 2 (1.3) 12 (2.8) 12 (2.9) 2 (1.8)
Kyusyu 11 (12.5)  30(19.5) 50 (11.6) 40 (9.9) 9 (8.0)
Marital status 0.017
Unmarried 7 (8.0) 9 (5.8) 36 (8.4) 13 (3.2) 4 (3.5)
Married 81 (92.1) 145(94.2) 394(91.6) 392(96.8) 109 (96.5)
Household income 0.365
<4 million yen 16 (18.2) 15 (9.7) 65 (15.1) 61 (15.1) 12 (10.6)
>4 million yen 54 (61.4) 107 (69.5) 278(64.7) 268 (66.2) 85 (75.2)
Unknown 18 (20.5)  32(20.8) 87 (20.2) 76 (18.8) 16 (14.2)
Level of education 0.140
< High school 15 (17.1)  35(22.7) 109 (25.4) 84 (20.7) 18 (15.9)
> High school 73(83.0) 119(77.3) 321(74.7) 321(79.3) 95(84.1)
Concerns about adverse events
Strongly disagree 6 (6.8) 5(3.3) 5(1.2) 1(0.3) 2 (1.8) <0.001
Disagree 4 (4.6) 15 (9.7) 25 (5.8) 14 (3.5) 12 (10.6)
Not sure 2(2.3) 18 (11.7) 91 (21.2) 58 (14.3) 24 (21.2)
Agree 10 (11.4) 47 (30.5) 148 (34.4) 209 (51.6) 35 (31.0)
Strongly agree 66 (75.0) 69 (44.8) 161 (37.4) 123 (30.4) 40 (35.4)
Parental vaccination for COVID-
19
None 40 (45.5)  32(20.8) 49 (11.4) 13 (3.2) 4 (3.5) <0.001
Once 1(1.1) 2(1.3) 9(2.1) 7 (1.7) 1(0.9)
Twice 47 (53.4) 116(75.3) 364 (84.7) 375(92.6) 106 (93.8)
Three times 0 (0.0) 4(2.6) 8(1.9) 10 (2.5) 2 (1.8)

Number of valid responses N =48 N =122 N =381 N =392 N =109
Experienced any adverse events®

Fever 26 (542) 66 (54.1) 234 (614) 210(53.6) 62 (56.9)  0.2384
Fatigue 27 (56.3)  70(57.4) 240 (63.0) 226(57.7)  60(55.1)  0.429¢
Headache 17(354) 41 (33.6) 140(36.8) 119(304) 35(32.1)  0.443¢
Chill 13(7.1) 20(164)  78(205) 69 (17.6) 23 (2L1) 04214
Vomiting 0 (0.0) 0 (0.0) 11 2.9) 5(1.3) 3(2.8) 0.1594
Diarrhea 1@.1) 2 (1.6) 7 (1.8) 14 (3.6 4(37) 0.508¢
Muscular pain 15(313) 36(29.5) 102(26.8) 104(265)  32(29.4)  0.8824
Arthralgia 5(104) 25(205) 58(152)  64(163)  21(19.3)  0.4444
Anaphylactic shock 0 (0.0) 1(0.8) 1(0.3) 1(0.3) 0 (0.0) 0.7024

a. The chi-square test was used to test the characteristics associated with parental intention to vaccinate their
children. b. The Kruskal-Wallis test was used to test the characteristics associated with parental intention to
vaccinate their children. P-values of ‘a’ &'b” with significance level as <0.05/20 = 0.003.c. The number of
respondents is shown, excluding missing values. d. Fisher’s exact test was used.
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3.2. Measurement Model and Criterion Validity for Parental Readiness to Vaccinate Their Children Against
COVID-19

The modified scale g-factor model fit the data well for parental intention to vaccinate their
children against COVID-19 (x2[14]: 83.9, p <0.001; GFI: 0.980, Bentler-Bonett NFI: 0.948, RMSEA: 0.067,
SRMR: 0.040). In the confirmatory factor analysis, the factor saturation (w) was 0.970, the Akaike
information criterion (AIC) was 112 (Fig. 1), and Cronbach’s alpha was 0.63.

" . Collective . .
Confidence Complacency Constraints Calculation responaibiity Compliance Conspiracy
i = N t a F > i
0.63 0.77 0.77 -0.20 0.64 0.38 0.22

<" Vaccination )
readiness

N~ w097

Figure 1. Confirmatory factor analysis of the modified Japanese version of the 7C Vaccination
Readiness Scale for parents. Numbers are estimates of standardized factor loadings. P-values were all
< 0.05. x%(14) = 83.9, p < 0.001, goodness-of-fit index (GFI) = 0.980, Bentler-Bonett Normed Fit Index
(NFI) = 0.948, root mean square error of approximation (RMSEA) = 0.067, standardized root mean
square residual (SRMR) = 0.040. The factor saturation (w) =0.970, and the Akaike information criterion
(AIC) =112.

3.3. Predictors of Parental Intention to Vaccinate Their Children Against COVID-19

The model fit of the modified scale to predict parental vaccination intentions was good (x?[14]:
89.5, p <0.001; GFI: 0.981, Bentler-Bonett NFI: 0.966, RMSEA: 0.057, SRMR: 0.035, w: 0.969, and square
of the multiple correlation coefficient: 0.70) (Fig. 2).

; . Collective . .
Confidence Complacency Constraints Calculation responsibilty Compliance Conspiracy
0.64 0.79 0.75 -0.18 0.64 0.39 0.24
(’ Vaccination >
; readiness
0.84
'

Intention to vaccinate Children by parents

Figure 2. Predicting parental intentions regarding having their children vaccinated against COVID-
19. The numbers are estimates of standardized factor loadings. P-values were all < 0.05. The r-square
of the multiple correlation coefficient for "Parental intention to vaccinate their children" was 0.70.
X?[14] = 89.5, p < 0.001, goodness-of-fit index (GFI) = 0.981, Bentler-Bonett Normed Fit Index (NFI) =
0.966, root mean square error of approximation (RMSEA) = 0.057, standardized root mean square
residual (SRMR) = 0.035. The factor saturation (w) = 0.969, and the Akaike information criterion (AIC)
=124.

3.4. Relationship Between Components of the Modified Scale and Parental Intention to Vaccinate Their
Children Against COVID-19
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The bivariate correlation between the components of the modified scale and parental intention
is shown in Table 3. Calculation, Compliance, and Conspiracy were found to be less related to the
intention to vaccinate than the other four components. In addition, the correlation coefficient for
Calculation showed a negative value. Complacency and Constraints were highly correlated with
parental intention to vaccinate their children (Table 3).

Table 3. Correlation between the "modified Japanese version of the 7C Vaccination Readiness Scale
for parents" component and parental intention to vaccinate their children against COVID-19.

When a pediatric vaccine for COVID-19 becomes available, I
will vaccinate my children

Neither
Component agree o) P-
Strongly nor Strongly value
disagree = Disagree disagree Agree Agree
(Mean * (Mean * (Mean * (Mean * (Mean *
SD) SD) SD) SD) SD)
Confidence 191+ 2.58 +0.88 3.03+0.74 3.49+0.78 391+0.87 0513 <0.001
1.06
Complacency 1.82 + 2.56 £ 0.75 3.06 £ 0.56 3.74 £ 0.67 427+090 0.667 <0.001
1.07
Constraints 1.98 2.40+0.79 2.97 +0.69 3.58 + 0.69 414+0.85 0.610 <0.001
+1.10
Calculation 3.16 = 2.69 +0.96 2.58 +0.78 2.50 +0.85 250+1.13 -0.127 <0.001
1.42
Collective 244 + 3.09 +0.86 3.43+0.76 3.99 +0.61 443+0.79 0549 <0.001
responsibility 1.26
Compliance 1.56 + 1.93+0.92 2.39 +0.94 2.55 +1.05 2.88+1.27 0.278 <0.001
0.96
Conspiracy 2.33 + 2.90 +0.88 2.98 +0.69 3.03+0.76 320+1.15 0.170 <0.001
1.15
Total vaccination 1519+ 18.16 £ 20.45+2.35  22.87 £2.36 25.35 + 0.678  <0.001
readiness 4.50 2.62 3.14

Spearman correlation coefficient values (g) are shown for parents' intention to vaccinate their children against
COVID-19 and the score of each component and overall score on the Japanese version of the Vaccination
Readiness Scale short scale. The total vaccination readiness score was the sum of the scores for the seven

components.

3.5 Predicted and Observed Vaccination Behavior

In January 2024, approximately 2 years after the initial survey had been conducted, a follow-up
survey was conducted of the same parents who participated in the baseline survey, asking about their
children's COVID-19 vaccination status (valid responses: 536, follow-up rate =47.7%). The proportion
of children who had not been vaccinated was high (over 80%) among parents who were negative
about vaccination (strongly disagreed or disagreed for the five ascending scored components, or
strongly agreed or agreed for the two reverse scored components). In contrast, the children’s
vaccination rate among parents who were positive about vaccination was 30-58.6%.
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Table 4. Relationship between the modified Japanese version of the 7C Vaccination Readiness Scale
(parental component) and child vaccination status

Vaccinated against COVID-19

No Yes
N =406 N =130
7C score before vaccine approval, n (%)
Strongly disagree 30 (85.7) 5(14.3)
Disagree 62 (89.9) 7 (10.1)
Neither agree nor disagree 184 (78.6) 50 (21.4)
Agree 114 (66.3) 58 (33.7)
Strongly agree 16 (61.5) 10 (38.5)
Complacency, n (%)
Strongly disagree 20 (80.0) 5(20.0)
Disagree 47 (88.7) 6 (11.3)
Neither agree nor disagree 196 (83.4) 39 (16.6)
Agree 123 (66.8) 61 (33.2)
Strongly agree 20 (51.3) 19 (48.7)
Constraints, n (%)
Strongly disagree 27 (90.0) 3(10.0)
Disagree 71 (91.0) 7 (9.0)
Neither agree nor disagree 182 (77.4) 53 (22.6)
Agree 114 (69.5) 50 (30.5)
Strongly agree 12 (41.4) 17 (58.6)
Calculation, n (%)
Strongly disagree 11733 4(26.7)
Disagree 38 (70.4) 16 (29.6)
Neither agree nor disagree 159 (79.5) 41 (20.5)
Agree 151 (72.2) 58 (27.8)
Strongly agree 47 (81.0) 11 (19.0)
Collective responsibility, n (%)
Strongly disagree 18 (85.7) 3(14.3)
Disagree 17 (77.3) 5(22.7)
Neither agree nor disagree 131 (85.1) 23 (14.9)
Agree 192 (71.6) 76 (28.4)
Strongly agree 48 (67.6) 23 (32.4)
Compliance, n (%)
Strongly disagree 123 (89.8) 14 (10.2)
Disagree 113 (76.4) 35 (23.6)
Neither agree nor disagree 120 (70.2) 51 (29.8)
Agree 41 (66.1) 21 (33.9)
Strongly agree 9 (50.0) 9 (50.0)
Conspiracy, n (%)
Strongly disagree 14 (70.0) 6 (30.0)
Disagree 65 (66.3) 33 (33.7)
Neither agree nor disagree 222 (79.6) 57 (20.4)
Agree 89 (74.8) 30 (25.2)
Strongly agree 16 (80.0) 4 (20.0)

4. Discussion

Understanding individual differences that determine parental readiness to vaccinate their
children may help predict pediatric vaccination rates. We modified the Japanese version of the 7C
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Vaccination Readiness Scale (for adults), developed by Machida et al. [29], to create an abbreviated
version of the Japanese parental vaccination readiness scale to measure parental readiness to
vaccinate their children against COVID-19. First, the modified 7C scales were assessed by measuring
parental intention to vaccinate their children against COVID-19. The results of the analysis using
structural equation modeling showed good model fit between the 7Cs and parents' vaccination
intentions. Next, we conducted a follow-up survey and compared the components of the modified
7C scale with actual vaccination behavior. Parents with a low readiness to vaccinate their children
had a high rate of non-vaccination with the COVID-19 vaccine. The modified 7C scale had high
specificity.

Concurrent with our study, Rees et al. [26] developed a parent version of the 7C scale based on
the 7C Vaccination Readiness Scale by Geiger et al. [6]. Rees et al. [26] found that the Parental
Vaccination Readiness Scale had good psychometric properties and high criterion validity in German
and Danish populations, suggesting that this scale may be used as a tool to reflect parental
vaccination intentions regarding their children. Among parents of children younger than 12 years,
the same age group as the children that were the focus of this study, Constraints, Collective
responsibility, and Confidence were the most important correlates of parental vaccination intention.
Our results are similar to those of Rees et al. This study confirmed that Complacency, Constraints,
and Collective responsibility were related to vaccination behavior. However, the percentage of
children who received the COVID-19 vaccine was 58.6% (strongly agree) for the "Constraints"
attitude, 38.5% (strongly agree) for the "Confidence" attitude, and 32.4% (strongly agree) for the
"Collective responsibility” attitude, indicating that the sensitivity of the 7C scale is limited. However,
considering that the overall vaccination rate for Japanese children aged 5 to 11 years during the same
period was 24.5% [34], the modified 7C scale was able to predict vaccination behavior.

Although the Calculation component showed negative factor loadings and a negative
correlation coefficient with parents' intention to vaccinate their children, in contrast to the findings
of Rees et al. [26]. The actual percentage of children who received the COVID-19 vaccine was less
than 30% even when parents indicated readiness to vaccinate their children based on the Calculation
component (i.e. strongly disagree or disagree because it was a reverse-scored item). One possible
reason why the results for the Calculation indicator differed from the results of Rees et al. may be the
national character of the Japanese people. Previous studies of COVID-19 vaccination intention among
adults in Japan have also shown a weak association between Calculation and vaccination intention
[29,30]. In addition, in previous studies of COVID-19 vaccination intention among adults, social
norms were most strongly associated with vaccination intentions [30]. A second reason is the ethical
consideration regarding children. Acceptance of vaccination is associated with the perceived risk of
infection and awareness of adverse events associated with vaccination [35]. The baseline survey was
conducted before the Omicron epidemic, and at the time there were reports that children were less
likely to develop COVID-19, and that the symptoms were milder in children [27,36,37]. In addition,
there were reports of vaccine adverse events, such as myocarditis in young adults [38]. Moreover,
some people believe that the risks and benefits of vaccinating healthy children against COVID-19 are
unknown [39]. In such cases, experts and clinicians should discuss the ethical considerations involved
in vaccinating children to enable parents to develop an informed opinion regarding the benefits and
risks of vaccination of their children [25].

When the parental vaccination readiness score is low, the likelihood of not vaccinating children
is high, suggesting that the specificity of the 7C vaccine readiness score is high. These findings suggest
that COVID-19 vaccination rates among children are higher if parents are “vaccination-ready”
according to the 7C scale. Therefore, our modified 7C Vaccination Readiness Scale has the potential
to be used to construct effective vaccine policies by looking at responses to each component.

This study has several strengths. First, a follow-up survey was conducted 2 years after the
baseline survey, and the modified 7C scale predictions were compared with the children’s COVID-
19 vaccination status. Second, the 7C was used to measure readiness to vaccinate children against
COVID-19 before the Japanese government approved the vaccination of children aged 5-11 years. As
vaccination readiness, willingness, and coverage have been reported to vary by vaccine type and
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location [21-28], it is useful to determine vaccination intentions for target vaccines in each country.
To our knowledge, this is the first report of a readiness scale being used in Japan to assess parental
intention to vaccinate their children against COVID-19 prior to the start of COVID-19 vaccination.
Third, the sample size was adequate. Finally, respondents were recruited from all parts of Japan, so
these results are likely to be generalizable to the country.

However, this study has some limitations: First, the 7C used in this study was a short version.
This limited our ability to examine the effects of the intention to vaccinate and the scale specific
components in detail. Therefore, when investigating the effect of an intervention on a specific
component, the long version should be used, as described by Rees et al. [26]. Second, the 7C responses
were obtained using a 5-point Likert scale, which differs from the 7-point scale used with the original
tool [6]. A study, comparing the 5-point Likert scale with the 7-point Likert scale using the WatLX
scale, reported higher Cronbach alpha values for the 7-point Likert scale [40]. Finally, because this
study was an online survey, was limited to individuals with easy access to online resources.
Therefore, selection and sampling biases were unavoidable. This needs to be considered when
generalizing the results to the Japanese population.

5. Conclusions

In this study, the modified 7C Vaccination Readiness Scale predicted parental intention to
vaccinate their children against COVID-19 with high accuracy, based on structural equation
modeling and subsequent vaccination rates. The modified 7C scale may be useful in the development
of childhood vaccine interventions.
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