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Abstract

Background

Monitoring the reasons why a considerable number of people do not receive recommended
vaccinations allows identification of important trends over time, and designing and evaluat-
ing strategies to address vaccine hesitancy and increase vaccine uptake. Existing validated
measures assessing vaccine hesitancy focus primarily on confidence in vaccines and the
system that delivers them. However, empirical and theoretical work has stated that compla-
cency (not perceiving diseases as high risk), constraints (structural and psychological barri-
ers), calculation (engagement in extensive information searching), and aspects pertaining
to collective responsibility (willingness to protect others) also play a role in explaining vacci-
nation behavior. The objective was therefore to develop a validated measure of these 5C
psychological antecedents of vaccination.

Methods and findings

Three cross-sectional studies were conducted. Study 1 uses factor analysis to develop an
initial scale and assesses the sub-scales’ convergent, discriminant, and concurrent validity
(N=1,445, two German convenience-samples). In Study 2, a sample representative regard-
ing age and gender for the German population (N = 1,003) completed the measure for vacci-
nation in general and for specific vaccinations to assess the potential need for a vaccine-
specific wording of items. Study 3 compared the novel scale’s performance with six existing
measures of vaccine hesitancy (N =350, US convenience-sample). As an outcome, a long
(15-item) and short (5-item) 5C scale were developed as reliable and valid indicators of con-
fidence, complacency, constraints, calculation, and collective responsibility. The 5C sub-
scales correlated with relevant psychological concepts, such as attitude (confidence), per-
ceived personal health status and invulnerability (complacency), self-control (constraints),
preference for deliberation (calculation), and communal orientation (collective responsibil-
ity), among others. The new scale provided similar results when formulated in a general vs.
vaccine-specific way (Study 2). In a comparison of seven measures the 5C scale was
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constantly among the scales that explained the highest amounts of variance in analyses
predicting single vaccinations (between 20% and 40%,; Study 3). The present studies are
limited to the concurrent validity of the scales.

Conclusions

The 5C scale provides a novel tool to monitor psychological antecedents of vaccination and
facilitates diagnosis, intervention design and evaluation. Its short version is suitable for field
settings and regular global monitoring of relevant antecedents of vaccination.

Introduction

According to estimates by the World Health Organization (WHO), vaccination saves 2 to 3
million lives worldwide every year [1]. Nevertheless, a considerable number of children or
adults are not getting vaccinated [2], leading to outbreaks of vaccine-preventable diseases and
avoidable deaths, such as from measles or pertussis. Vaccine hesitancy, as it is frequently
termed, is a global phenomenon [3,4] and national as well as international health organizations
have partnered with academia to understand its causes and curtail its consequences [5,6].

There is broad consensus that a valid and reliable measure to diagnose why people do not
vaccinate will support the design and evaluation of interventions that aim to increase vaccine
uptake [6-8]. Such an agreed-upon measure is also needed as WHO asks countries to monitor
and report vaccine hesitancy in their annual joint reporting form (JRF) to monitor changes
and trends over time and to detect vaccine concerns early [9]. In 2016, only about one third of
countries reported based on the evaluation of actual data, demonstrating the need for a simple
but valid measure [10]. Standardized measures will also make future research results easier to
compare (e.g., in meta-analyses), improve data quality over time, and facilitate the develop-
ment of evidence-based interventions [11].

In the present contribution, we devise a novel measure to capture relevant predictors of vac-
cination behavior-the 5C scale, which measures the “psychological antecedents of vaccination”
as suggested in a recent review by Brewer and colleagues [12]. The 5C scale is grounded in
established theoretical models of vaccine hesitancy and acceptance [5,13,14] and relates these
to psychological models to explain health behavior [7]. We conducted three studies with nearly
2,800 participants testing its convergent, discriminant, and concurrent validity, resulting in a
reliable and valid long (15-item) and short (5-item) version of the scale. Before describing the
scale’s development process in more detail, the following sections provide an overview of sev-
eral models explaining vaccination behavior and existing measures to assess its determinants.
Based on these elaborations, we will justify the need for the newly developed 5C scale as
another building block offered in the collective endeavor of globally improving vaccine
uptake.

Vaccine hesitancy, confidence, and acceptance: Models to understand
vaccination behavior

There is some debate in the literature how we should name the fact that some people do not
vaccinate-hesitancy, a lack of confidence or trust, and low acceptance are often used inter-
changeably [6,12]. The first international systematic endeavor was a working group of a WHO
advisory body (Strategic Advisory Group of Experts on Immunization, SAGE), defining
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vaccine hesitancy as the “delay in acceptance or refusal of vaccines despite availability of vac-
cine services. Vaccine hesitancy is complex and context specific, varying across time, place and
vaccines. It is influenced by factors such as complacency, convenience and confidence” [15].
Hesitancy thus describes a continuum between complete acceptance and complete refusal [5].
The factors complacency (not perceiving diseases as high risk and vaccination as necessary),
convenience (practical barriers) and confidence (lack of trust in safety and effectiveness of vac-
cines)-referred to as the 3C model-were identified based on experience in various countries
[16] and extensive literature review [13]. Table 1 provides their exact definitions (column 1).

The definitions show that these factors comprise several concepts from psychological theo-
ries for predicting prevention behavior [22]. For example, confidence includes behavioral
beliefs about vaccination (knowledge), which relate to the attitude towards vaccination [23]. In
previous work [22], we therefore suggested constellations of psychological predictors that
match the hesitancy factors’ definitions (given in Table 1, column 2), referring to established
theoretical frameworks, such as the Health Belief Model [24] and the Theory of Planned
Behavior [23]. Based on literature reviews and theoretical considerations, we extended the 3C
model to a 4C model (column 2) by integrating calculation (the individual’s engagement in
extensive information searching) as an additional psychological antecedent. This factor cap-
tures the individual motivation of thinking about and questioning vaccination [22] and is
often positively correlated with vaccine hesitancy [9,25].

The 5A taxonomy for explaining vaccine uptake provides a somewhat different terminol-
ogy. It is based on a narrative review and identifies five categories labeled acceptance, access,
affordability, awareness, and activation (definitions in Table 1, column 3) [14]. As is obvious
from Table 1, there is considerable overlap to the categories proposed by the SAGE working
group: acceptance resembles the confidence factor (attitude as a potential linkage), access
matches convenience (practical barriers), likewise affordability (financial costs; practical and
financial barriers are included in the convenience factor), and awareness is comparable to
complacency (lack of the perception that the diseases are high risk and that vaccination is nec-
essary). The 5A taxonomy adds an additional aspect-activation-which notes the existence of
nudges in the environment that may increase vaccination (e.g., reminders [14]). As we intend
to measure individual psychological differences, we suggest assessing the individual proneness
to nudges (system 1 processing) vs. a need for thorough information processing (system 2)
[26]. The concept of calculation thus expresses the need of extensive elaboration and informa-
tion searching. Finally, the awareness concept also includes the social benefits of vaccination,
i.e., the fact that due to herd immunity most vaccinations also protect unvaccinated individuals
[27]. This concept resonates in the fifth factor of the 5C scale-collective responsibility-which
was added as a result of Study 1.

The term hesitancy has been criticized as its behavioral definition neglects that hesitancy
can also be a psychological state of indecision and that any type of non-vaccination is now
labeled hesitancy, even though access, system failures or total refusal may be the cause [28].
Further, the term convenience puts the responsibility of receiving a vaccine to the individual,
mixing up social determinants with access. Convenience suggests low parental prioritization,
however, the reason may be rooted in the system that delivers the vaccines [28]. The 5A model
circumvents this by using “access” as a separate construct. In a similar vein, we propose “con-
straints” as a synonym for perceived barriers as a new term for convenience.

As there is no agreed upon definition of the phenomenon of “vaccine hesitancy”, in this
work we avoid “hesitancy” as a conceptual umbrella for the 5C scale. Additionally, lacking a
definition of hesitancy makes it difficult to establish external criteria to assess content validity.
Thus, we decided to construct a scale that assesses psychological antecedents of vaccination
and offer correlations with psychological constructs to estimate content validity of each sub-
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Table 1. Overview of models of explaining vaccine hesitancy, confidence or acceptance and corresponding general measures.

Models Measures
SAGE Working group: | The 4C model The 5A model: Parental Vaccine Global Vaccine | Vaccine Vaccine Vaccine 5C antecedents
The 3C model [5] (extended 3C model) | Taxonomy for the || Attitudes about |Confidence |Confidence Hesitancy | Acceptance Confidence | of vaccine
[7] determinants of Childhood Scale Index Scale Scale Index acceptance
vaccine uptake Vaccines (VCs, (Gvcr, (VHS, (VAS, Sarath- | (VCI, Frew) |(5C)
[14] (PACYV, Opel) Gilkey) [18] | Larson) [4] Shapiro) chandra) [20] | [21]
[17] [19]
3 factors 4 factors 5 determinants 15 items 8 items 4 items 9 items 20 items 8 items 5or 15 items
3 sub-scales 3 sub-scales | no sub-scales |2 sub-scales |5 sub-scales 3 sub-scales |5 sub-scales
confidence: trust in confidence: acceptance: beliefs about benefits safety lack of perceived safety | trust confidence
effectiveness and safety | negative attitudes, individuals accept, || safety and trust effectiveness confidence | of vaccines confidence
of vaccines and the belief in question or refuse || efficacy harms risks of perceived importance
system that delivers misinformation, vaccination general attitudes vaccination | effectiveness
them perceptions of and trust and necessity of
(health care workers, vaccine-related risks immunization vaccines
politics) behavior acceptance of
the selection
and scheduling
of vaccines
positive values
and affect
toward
vaccines
perceived
legitimacy of
authorities to
require
vaccinations
convenience: convenience: access: ability of -- -- -- -- -- -- Constraints
physical availability, structural barriers, individuals to be
affordability and perceived behavioral | reached by, or to
willingness-to-pay, control reach,
geographical recommended
accessibility, ability to vaccines
understand (language affordability:
and health literacy) and ability of
appeal of immunization individuals to
service afford vaccination
complacency: complacency: awareness: -- -- importance -- -- -- Complacency
perceived risks of low involvement, low | knowledge (need
diseases are low; general knowledge, for/availability of
vaccination not seen as awareness, vaccines)
necessary vaccination not seen
as the injunctive
norm
-- calculation: -- -- -- -- -- -- Calculation
individuals’
engagement in
extensive information
search
-- -- activation: degree -- -- -- -- -- -- --
to which
individuals are
nudged towards
vaccination uptake
(awareness: social -- -- -- -- -- -- collective
benefits) responsibility
-- -- compatibility | -- -- -- --

with religious
beliefs

The left part of this table shows that the approaches to understanding vaccine hesitancy and acceptance differ in the number of concepts and the level of specificity with

which the concepts are defined. The right part provides an overview of existing measures and relates the factors assessed by the measures to the theoretical models. The

5C scale assesses all relevant concepts as documented in the literature at the most fine-graded level of specificity (last column). Categorizing of the sub-scales is based on

the authors’ assumptions and has been cross-validated in personal communication with the original scales” authors for PACV, VCS, and VHS.

https://doi.org/10.1371/journal.pone.0208601.t001
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scale. For concurrent validity we use vaccination behavior (vaccination status on an individual
level) as a clear behavioral outcome [6]. As another consequence, using the 5C scale will not
lead to a total score providing a sample’s absolute state of hesitancy. Rather, it will allow valid
assessment of determinants predicting vaccination, allowing monitoring and evidence-
informed intervention design.

Existing measures and aims of the 5C scale

As a result of enduring efforts to define and measure vaccine hesitancy or confidence, there is
a growing number of measures (right side of Table 1), such as the Parent Attitudes about
Childhood Vaccines survey PACV [17], the Vaccine Confidence Scale VCS [18,29], a set of
four items forming a Global Vaccine Confidence Index GVCI [4], the only recently published
Vaccine Hesitancy Scale VHS [30,31], the Vaccine Acceptance Scale VAS [20] and the Vaccine
Confidence Index VCI [21].

As can be seen in Table 1, most existing measures focus primarily on the confidence-related
aspects of hesitancy and only occasionally go beyond this major factor (for a detailed descrip-
tion of the scales, see methods sections of Studies 2 and 3). However, a recent systematic
review on influenza vaccine hesitancy has shown that the other constructs proposed in the hes-
itancy models are also important predictors of vaccination intention and behavior [11]. A tool
that can assist in designing campaigns and interventions should therefore also assess compla-
cency, constraints (former convenience), calculation, and collective responsibility. In addition,
the existing scales are quite lengthy and use between 8 and 20 items to assess different facets of
confidence (Table 1)-with the exception of the GVCI, which has only 4 items. A short measure
with, at the same time, a broader scope will thus be useful both for research and practice.
Finally, as previous studies showed that confidence is related to vaccine attitudes [31], a new
measure should also relate each of the remaining concepts to psychological constructs [7] to
demonstrate their validity and theoretical foundation.

Therefore, the 5C scale will provide a long and a short version to measure the 5C psycholog-
ical antecedents of vaccination: confidence, complacency, constraints, calculation, and collec-
tive responsibility. In the validation process, we will relate the 5Cs to psychological constructs
to understand the psychological underpinnings of vaccine uptake. The new scale will further
need to demonstrate its added value in comparison with existing scales.

The psychological antecedents of vaccination in the 5C scale

This section defines all five psychological antecedents of vaccination represented in the 5C
scale and derives relations to validation constructs (for a summary, see Table 2). Please note
that the fifth antecedent was added only after Study 1.

Confidence “is defined as trust in (i) the effectiveness and safety of vaccines, (ii) the system
that delivers them, including the reliability and competence of the health services and health
professionals, and (iii) the motivations of policy-makers who decide on the need of vaccines”
[5] (p. 2). Individuals who lack confidence have negative attitudes towards vaccination (in con-
trast to the complacency and convenience types), which guide behavior. Misinformation, belief
in conspiracies, and increased perceptions of vaccine-related risks contribute to the negative
attitude. We therefore expect a positive correlation between confidence and attitudes toward
vaccination [32], correct knowledge about vaccination [33], trust in the health care system
[34], beliefs about benefits of medicines, and a negative correlation with beliefs about harms of
medicines [35] and conspiracy mentality [36].

Complacency “exists where perceived risks of vaccine-preventable diseases are low and vac-
cination is not deemed a necessary preventive action” [5] (p. 2). Complacent individuals do
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Table 2. Relations between 5C sub-scales and validation constructs.

Confidence Constraints Complacency Calculation Collective
responsibility
Vaccination (+) ) ) ) (+)
behavior
Intention to (+) ) ) ) (+)
vaccinate
Study 1 attitude (+) perceived behavioral risk attitude (+) risk attitude (-)
control (-)
knowledge (+) self-efficacy (-) considering future numeracy (+)t
consequences (-)
beliefs about medicine: benefits (+) empowerment (-) perceived risk of disease (-) perceived risk of
disease (-)
beliefs about medicine: harms (-) normative beliefs (-) perceived risk of
vaccination (+)
conspiracy mentality (-)
Study 2 attitude (+) self-control (-) perceived threat due to preference for communal

infectious diseases (-)

deliberation (+)

orientation (+)

knowledge (+)

perceived time pressure

(+)

perceived personal health
status (+)1

superstitious beliefs

O

collectivism (+)

trust in health care systems (provider,
payer, institution) (+)

perceived access to
health care (-)

invulnerability (+)

individualism (-)+

conspiracy mentality (-)

empathy (+)

Note. (+) hypothesized positive relation; (-) hypothesized negative relation.

™ Correlation did not occur as expected for either the long or short version or both (see S5 Table and Table 3).

https://doi.org/10.1371/journal.pone.0208601.t002

not feel threatened by infectious diseases and thus have no impetus to change their prevention
behavior [37]. As there is low involvement, general knowledge, awareness, and the level of
active information searching are also low [38]. The preventive behavior is also not seen as the
descriptive or injunctive norm in the society, therefore, we expect no relation to subjective
norms [39]. Complacency should, however, be negatively related to perceived risks of diseases
[40]. As prevention is a future-oriented behavior, we also expect a negative correlation with
the consideration of future consequences [41]. As consequences in the future are not relevant,
individuals high in complacency should also have a positive general risk attitude, indicating a
preference for risk-seeking behaviors [42]. This could also be related to feelings of invulnera-
bility [43] and a positive subjective personal health status.

As we share the criticism of the term convenience, we offer the term constraints instead.
Constraints are an issue when “physical availability, affordability and willingness-to-pay, geo-
graphical accessibility, ability to understand (language and health literacy) and appeal of
immunization service affect uptake” [5] (p. 3). Thus, structural and psychological barriers
(access, a lack of self-control) are ‘gate-keepers’, impeding the implementation of vaccination
intentions into behavior. Travel time or inconvenient procedures may also act as barriers. Per-
ceiving constraints should therefore be related to a lack of perceived behavioral control [32]
self-efficacy [44] and empowerment [45]. We expect positive correlations with perceived time
pressure and daily hassles [46], and a negative correlation with perceived access to health care
[47].

Calculation refers to individuals’ engagement in extensive information searching. We
assume that individuals high in calculation evaluate risks of infections and vaccination to
derive a good decision. Calculation should therefore be related to perceived vaccination and
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disease risks [40]. Engaging in cost-benefit calculations could be a sign of being risk-averse,
thus, the correlation with risk-attitude should be negative [42]. Depending on the information
sources that are used, high calculation can lead to non-vaccination due to the high availability
of anti-vaccination sources, for instance, in the internet [48]. In general, we expect that the
more information a person looks for, the more vaccine-critical sources will be obtained [49],
also supported by a false-balance effect in the media (e.g., by providing an equal number of
pro- and contra-vaccination experts even though in total there are many more pro-vaccination
than contra-vaccination experts [50]). Thus, we predict a positive correlation with perceived
vaccination risks. Individuals high in calculation should be rather risk-averse, i.e., their con-
scious and controlled processing leads us to assume that avoiding risks may be an important
motivator [42]. This should also be associated with a more deliberative cognitive style of deci-
sion making [51] and less irrational thinking (superstitious beliefs; [52]). We will further
explore the relation with numeracy [53].

We define collective responsibility as the willingness to protect others by one’s own vaccina-
tion by means of herd immunity [27]. The flip-side is the willingness to free-ride when enough
others are vaccinated [27,54,55]. Collective responsibility should correlate positively with col-
lectivism [55,56], communal orientation [57], and empathy [58]. It should correlate negatively
with individualism [56]. Thus, people high in collective responsibility are willing to vaccinate
in another person’s interest. Having low values can indicate that a person does not know about
herd immunity or does not care or does not want to vaccinate for the benefit of others.

As is clear from the definitions there is no umbrella concept that embraces all antecedents.
Thus, it does not seem theoretically justified to calculate a total score across all antecedents.
We see the value of the 5C scale in briefly assessing five antecedents to explain vaccination
behavior and to design and evaluate interventions to increase it.

Each antecedent represents individual preferences or psychological, mental representations
of the environment the respondent lives in. Thus, political realities or inequality that erode
trust in the health system could be a driver of low confidence for a person in one country.
Accessing misinformation on the internet and sharing a social environment full of vaccine-
critical parents could be a reason for low confidence for another person in another country.
Likewise, perceived constraints could be a function of a lack of access, inappropriate service
delivery or, for minority groups, a reluctance to get registered. Thus, it is important to note
that the 5C antecedents provide insights in the individual, psychological antecedents and are
not suitable to identify systems-related factors-beyond the effect they have on mental repre-
sentations (e.g., of limited access).

Overview

For the construction of the scale, we applied a factor-analytical approach and optimized inter-
nal consistency to reach relatively homogeneous dimensions [59]. Construct validity is consid-
ered at all stages of the developmental process and guides the process of item selection. The
first study used two German convenience samples to select the items and develop the initial
scale. Additionally, we assessed the sub-scales’ convergent, discriminant, and concurrent valid-
ity (i.e., correlations with similar and dissimilar psychological constructs and correlations with
vaccination behavior). In the second study, a German sample representative regarding age,
gender and parenthood answered the items with respect to vaccination in general and with
respect to specific vaccinations. The specific vaccinations varied according to age and parental
status of the participants (e.g., influenza vaccine for the elderly, measles (MMR) vaccine for
parents of younger children, and human papilloma virus (HPV) vaccine for parents of older
children). We compared the concurrent validity of general vs. specific assessments, i.e., the
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correlations with vaccination intentions. Additionally, we selected items for a short version of
the scale that are as valid as the long version. Existing measures of vaccine hesitancy served as
a benchmark to explore the added value of the new scale. Study 3 used a US convenience-sam-
ple of parents to compare the new scale to six existing scales and provides a validation of the
English version of the scale. We used acceptance of the same vaccines to compare the scales’
concurrent validity (flu, HPV, MMR). S1 Table provides an overview of all studies. As an out-
come, a long (15-item) and short (5-item) scale were developed as reliable and valid indicators
of confidence, complacency, constraints, calculation, and collective responsibility.

Study 1: Scale construction

Study 1 involved two samples to collect “responses to the initial set of items, generate and
implement an item selection strategy, and construct provisional scales” [59]. Both samples
received all items for the scale construction; the validation construct assessed in each sample
varied between the samples (52 Table).

Method

Participants. This phase aimed to establish the content validity of the scale. We therefore
recruited two initial convenience samples, i.e., an online convenience sample (1 = 1,033, Mg,
=32.92, SD = 9.37, 71% female; 495 were parents of at least one child; 86.92% completed the
study) recruited via social media, and a student convenience sample (n = 412, M, = 22.21,
SD = 3.55, 83% female). Students were recruited via ORSEE, an online recruiting system [60].
As compensation, the participants in the convenience sample took part in a raffle for three
25 € gift vouchers; students took part in a lottery for 10 € coffee vouchers for the local campus
coffee shop. There were no specified inclusion criteria. Data collection took place in Fall 2015.
Sample size was determined by previous recommendations for sufficient power for scale con-
struction [61] and for detecting small correlations (r = .15) with at least 85% power in the sec-
ond subsample [62].

Item development. Based upon the theoretical definitions above, we developed a large
item pool aiming for good content validity with “high relevance to the construct [...] and rep-
resentative of all potentially important aspects of the target construct” [59]. Additionally, exist-
ing measures were screened for suitable items. A final set of 35 items underwent factor and
item analysis.

Vaccination behavior and intention. Vaccination behavior was measured as the sum of
previously received vaccines (pertussis, tetanus, polio, diphtheria, measles, “don’t know”
counted as missing values; score ranges between 0 and 5). The intention to vaccinate was mea-
sured by one item (“Imagine your next vaccine is due at your next GP routine visit. How
would you decide?”; 1 = definitely not vaccinate, 7 = definitely vaccinate). These two con-
structs serve as major indicators of concurrent construct validity. It was expected that both
constructs will be positively influenced by confidence, and negatively by complacency, con-
straints, and calculation.

Validation constructs and expected relations. The constructs were selected to assess
whether the sub-scales are related to the intended psychological constructs [22], thereby assist-
ing the process of item selection. Table 2 provides all hypotheses. We used validated and pub-
lished measures where possible. S2 Table provides all constructs’ definitions, measurement,
and respective references. The attitude toward vaccination, perceived behavioral control, and
subjective norms were assessed following the Theory of Planned Behavior [39,63]. Correct
knowledge about vaccination was assessed by a validated knowledge scale [33]. We further
used validated scales to assess beliefs about benefits and harms of medicines [35], conspiracy
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mentality [36], consideration of future consequences [41], the general risk attitude [42],
empowerment [45], self-efficacy [44], and numeracy [64]. Perceived risks of diseases and of
vaccination were assessed by a single-item measure each (“How risky do you judge. . .”, scale
1-100) [65]. We also explored the correlations with social desirability [66] and the Big Five
personality factors [67].

Procedure. The original online questionnaire is available at the online repository of the
Open Science Framework (OSF; https://ost.io/agqem/). After providing informed consent and
demographic information, participants filled in the items for the construction of the new scale,
followed by the validation constructs, vaccination behavior, and vaccination intention. Within
each scale the items occurred in randomized order.

Statistical analysis and item analysis. The procedure for data analysis follows the sugges-
tions by [68]. We used common factor analysis with a maximum of 100 iterations for conver-
gence to produce a homogenous set of well-interpretable factors. We used a pre-selection of
four factors to select the items and then used Varimax rotation which allows for correlation of
the factors as, theoretically, we did not assume orthogonality. We selected items with factor
loadings of .5 and higher on the primary factor and minimal cross-loadings on any of the
other factors (a < .35) to reduce overlap between the sub-scales. Internal consistency (reliabil-
ity) was assessed by Cronbach’s o, which allowed further item selection by excluding items
that substantially reduced o.. To balance measurement precision and proper scale breadth, we
allowed Cronbach’s o to be .70 or higher [59].

Results

For data analysis, we recoded the items where necessary. Data and SPSS syntax are available
for all studies via the OSF (https://ost.io/agqem/).

Exploratory factor analyses across both samples. The first factor analysis (N = 1,445;
KMO = .93) using all items revealed seven factors with Eigenvalues > 1 (explaining 57.14% of
the total variance). We extracted four factors and selected for each factor the three or four
items with the highest factor loadings after Varimax rotation with no or low cross-loading on
any of the other factors (S3 Table). With the selected 15 items, we repeated the factor analysis
to explore the structure and the factor loadings. When inspecting the match between the
selected items and the breadth of the theoretical concepts, we replaced one item in the confi-
dence scale to also cover the aspect of trust in authorities rather than specific myths (elimina-
tion of: “It is better to strengthen one’s immune system through illness rather than by
vaccination.” Replaced by: “Regarding vaccines, I am confident that public authorities decide
in the best interest of the community.”). We further replaced “I understand how vaccines
work” with “I decide based upon my feelings whether I should get vaccinated” in the compla-
cency factor. Note that complacency was totally reworked in Study 2.

In a final factor analysis (S3 Table, right) the four factors explained 65% of the total vari-
ance. After Varimax rotation, the assumed pattern occurred with a Scree-Plot suggesting four
factors, and with four items loading on confidence (e.g., “I am confident that routine vaccines
are safe.”, Cronbach’s o = .88), four items loading on constraints (“Everyday stress prevents
me from getting vaccinated.”, o. = .77), four items loading on complacency (e.g., “I think there
are as many reasons in favor of vaccination as there are against it.”, o. = .67), and three items
loading on calculation (e.g., “When I think about getting vaccinated, I carefully weigh the risks
and benefits.”, o = .75). S4 Table provides all German items.

Fig 1 shows the mean values (diamonds) and distributions of the 5Cs across all three stud-
ies. The Y-axis shows POMP values: percent of maximum possible score [((observed score-
minimum score)/(maximum score-minimum score)) x 100]. An increase of 1 on a POMP
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Fig 1. Violin plots of mean scores and distributions of the 5C antecedents of vaccination in Studies 1-3. The figure shows the
means (diamonds) and 95% Cls (whiskers) and the frequency distribution of the 5C antecedents of vaccination across the three
studies. Note that the items of the complacency and collective responsibility sub-scales are not identical across the studies. The exact
wording of some items changed from Study 1 to Study 2 to increase item difficulty. The figure suggests that over the course of the
development of the scale, the mean scores of the final scale (Study 3) are distributed more evenly across the possible spectrum, i.e.,
the items were not too “easy” or too “difficult” (e.g., as for constraints in Study 1, where the great majority of participants reported no
constraints). Study 1: N = 1,445, Study 2: N = 1,003, Study 3: N = 350. The Y-axis shows POMP values: percent of maximum possible
score [((observed score-minimum score)/(maximum score-minimum score)) x 100]. An increase of 1 unit on a POMP scale
corresponds to an increase of 1% on the original scale. For example, an increase of 20 on the POMP scale corresponds to an increase
of 1 original point of a 5-point scale. Collective responsibility was not measured in Study 1.

https://doi.org/10.1371/journal.pone.0208601.g001

scale corresponds to an increase of 1% on the original scale. For example, an increase of 20 on
the POMP scale corresponds to an increase of 1 original point of a 5-point scale. We chose
POMP values as Study 3 uses a 7-point scale. Higher values indicate higher scores on the
respective scale. Note that across studies the items per sub-scale and the samples differ, leading
to the different distributions.

Concurrent validity. All constructs were significantly correlated with vaccination behav-
ior and the future intention to get vaccinated (between r = -.14 and r = .84, all ps < .01) in the
theoretically expected directions (positive for confidence, negative for constraints, compla-
cency, and calculation).

Construct validity. For construct validity, we correlated the sub-scales with the validation
constructs (Table 2; correlations S5 Table). Individuals with high confidence had a positive
attitude (r = .82, all reported correlations were significant at p < .01), had more knowledge
about vaccination (r = .81), believed that medicines have more benefits (r = .33) and fewer
harms (r = -.35), and believed less in conspiracy theories (r = -.23). Beyond these predicted
relations, we found that individuals high in confidence perceived higher risks of vaccine-pre-
ventable diseases (r = .56) and lower risks of vaccine adverse events (r = -.86), they considered
vaccination as the social norm (r = .50), and based their decision less on experiences (r = -.15)
and the opinion of others (r = -.28). Individuals perceiving constraints that keep them away
from vaccinating reported lower behavioral control (r = -.21) and general self-efficacy (r =
-.13). Correlations with the empowerment scales were rather weak (rs of .15 and 0).
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Inspection of the complacency items revealed that the content of the resulting scale did not
match the definitions of complacency. It contained items that mainly referred to the decision
process (e.g., “I decide based upon my feelings.”; “I have never really thought about vaccines.”)
instead of focusing on the low awareness of the disease risk and the importance of vaccination.
Therefore, we decided to reconstruct this dimension in Study 2 and do not discuss the results
of the correlation analysis here.

Individuals who have a high motivation for cost-benefit analysis had a low risk attitude (r =
-.19) and were therefore rather risk averse. Their perception of disease risks (r = -.20) as well as
of vaccination risks (r = .34) was significantly correlated with calculation. The correlation with
knowledge was negative (r = -.28), i.e., extended information searching led to less valid knowl-
edge. A potential cause for this could be that individuals high in calculation also based their
decisions on the experiences of others, as shown by the positive correlation with empower-
ment (r = .22). Additionally, calculating individuals are rather conscientious (r = .21), which
may explain the motivation for information searching in the first place.

All sub-scales were not significantly related to general measures of personality (with the
noted exception of conscientiousness), numeracy, and social desirability (all s < .15).

Discussion of Study 1 and aims of Study 2

In Study 1, results of factor analyses allowed the selection of items that constitute four factors
predicting vaccination behavior. For complacency, however, new items needed to be generated
for Study 2, as the factor did not capture complacency as defined above and the internal con-
sistency was sub-optimal. The calculation items were too similar, so we strived to broaden the
concept by replacing one item.

As Fig 1 reveals, the item difficulty for the confidence and constraints sub-scales seems
rather low (allowing many people to reach extreme scores). In order to avoid ceiling or floor
effects, we reformulated items to make them more difficult (e.g., “I am confident that vaccines
are safe.” changed to “I am completely confident that vaccines are safe.”). Additionally, we
strived for an equal number of items per sub-scale. We will therefore test in Study 2 whether
the long version can include 3 items per sub-scale while maintaining sufficient reliability.

The scale in its version after Study 1 does not include the awareness of the social benefit.
The 5A taxonomy stresses its importance [14] and recent research has shown that people do
care about others when making vaccination decisions [69-71]. Communicating the social ben-
efit of vaccinations also leads to a higher willingness to vaccinate [55]. However, knowing
about herd immunity may also instigate free-riding, as a well-vaccinated society may be suffi-
cient to also protect unvaccinated individuals [72]. In order to capture the tendency to either
vaccinate with pro-social intentions or to selfishly opt out, Study 2 added items to assess collec-
tive responsibility.

Study 2: Refinement, validation and comparison to existing
measures

Study 2 aimed to refine the content validity and reliability of the 5C scale as outlined above.
This also involved further validation with psychological constructs. Additionally, we strived to
compare the new scale to existing measures and to develop a shorter version of the scale.

The samples used in Study 1 were convenience samples of the general population and stu-
dents. As vaccination is relevant in all age groups and may vary in importance depending on
target or risk group (parents, elderly, travelers), we drew a sample representative of age, gender
and parenthood for the German population. Moreover, we provided the 5C scale repeatedly:
The first scale was directed at vaccination in general (as in Study 1). The second scale asked
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directly for specific vaccines (e.g., parents of younger vs. older children were asked with respect
to measles vs. HPV vaccine, the elderly over 60 years were asked with respect to influenza, and
travelers with respect to hepatitis A vaccination). This allows for comparison of general vs. spe-
cific measurement in order to assess whether it is sufficient to use a general scale or whether
the antecedents vary in their values and relations to vaccination in a vaccine-specific way.

As we assume that the 5Cs (e.g., confidence) are related to psychological concepts (e.g., atti-
tude, knowledge), in Study 2 we assessed further constructs to assess content validity. As out-
lined in the introduction, for confidence, we expected positive correlations with attitudes
toward vaccination, knowledge about vaccination, and trust in health care providers. We
expect negative relations between complacency and perceived risks of diseases and positive
relations with perceived goodness of health status and invulnerability. Perceiving constraints
should correlate positively with a lack of self-control and perceived everyday stress. Calculation
should be positively correlated with preference for deliberation and conscientiousness. Lastly,
the new factor collective responsibility should correlate positively with communal orientation,
collectivism-individualism, and empathy. In Study 2, we also compared the 5C scale to existing
measures (PACV, VCS) to assess its added value in predicting vaccination behavior.

Methods

Participants. The recruited sample (N = 1,003) had a mean age of M, = 47.98
(SD = 15.62), 15% were parents of a child between 11 months and 6 years of age, 16% had girls
between 9 and 17 years of age, 31% of the participants were over 60 years of age, 29% had trav-
eled in risk areas. Education was recoded according to the International Standard Classifica-
tion of Education, yielding 17,5% in level 2 (lower secondary education), 58% in level 3 (upper
secondary education), 23% in level 5 (short-cycle tertiary education) and 1.5% in level 6 (Bach-
elor’s degree or equivalent tertiary education level). The sample was representative regarding
age, gender and parenthood of the German population (quotas: 25.22% parents; 48.55% males;
18.07% males aged 18-29; 15.2% males aged 30-39; 21.36% males aged 40-49; 17.25% males
aged 50-59; 28.13 males with age > 59; 16.67% females aged 18-29; 13.95% females aged 30—
39; 19.38% females aged 40-49; 16.28% females aged 50-59; 33.72 females with age > 59.
These quotas are representative for the German population. Sampling took place until the quo-
tas were reached).

Data collection took place in Spring 2017. All participants were recruited and took part in
the study online via a recruitment agency (using an ISO-certified panel-ISO 9001/26362),
from which they received compensation (bonus points to exchange into money).

Item development. In order to create a new complacency sub-scale, we developed five
item candidates (e.g., “Vaccination is unnecessary because vaccine-preventable diseases are
not common anymore.”). We further defined collective responsibility as the willingness to pro-
tect others by one’s own vaccination. The flip-side is the willingness to free-ride when enough
others are vaccinated [27,55]. We generated three items to capture this aspect. In order to
reduce redundancy in the calculation sub-scale, we added two additional item candidates in
order to exchange one of the items.

Existing measures. This study included the two most established measures of vaccine hes-
itancy, the Parent Attitudes About Childhood Vaccines survey (PACV; [17] and the Vaccine
Confidence Scale (VCS; [29]).

PACV. The PACV [17] assesses vaccination attitudes (e.g., “Overall, how hesitant about
childhood shots would you consider yourself to be?”), beliefs about vaccine safety and effec-
tiveness (e.g., “How concerned are you that your child might have a serious side effect from a
shot?”), and behavior (e.g., “Have you ever decided not to have your child get a shot for reasons
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other than illness or allergy?”). All three concepts are part of the confidence construct

(Table 1). The scale uses six different answer formats (e.g., agree/disagree/not sure, yes/no/
don’t know, 1-10 rating scales). All answers are recoded in the three categories hesitant, non-
hesitant and not sure/don’t know. The sub-scales have good reliability (Cronbach’s o. between
.74 and .84, [17]). All 15 items can be summarized to a total score which predicts under-immu-
nization of children [17,73,74]. The scale has been used several times, also to detect the impact
of interventions [75-77]. Additionally, there is a modified version to match influenza vaccina-
tion [73]. A short version has been used recently [78]; translations are available for Italian [79]
and Malay [80].

VCS. The VCS [29] is based on the Health Belief Model and assesses vaccine confidence
with three sub-scales: benefits (e.g., “Vaccines are safe.”), harms (e.g., “Teenagers receive too
many vaccines.”), and trust (e.g., “I have a good relationship with my teenager’s health care
provider.”). Again, all three sub-scales assess parts of the confidence construct (Table 1). The
items are rated on an 11-point scale, ranging from 0 (strongly disagree) to 10 (strongly agree);
the internal consistency of the sub-scales is low to acceptable (Cronbach’s o between .49 and
.78). The authors criticized existing measures to be only directed at specific vaccinations [81]
or populations [17] and therefore developed a measure “capable of characterizing adolescent
vaccination beliefs more holistically” to “perform reliably across diverse populations” [29]. In
the present study we re-formulated the items to eliminate the explicit relation to teenagers
(e.g., replacing ‘teenagers receive too many vaccines’ with ‘people receive too many vaccines’).
The benefit sub-scale (4 items) can be used as a short version of the scale. The confidence
index, calculated as the mean of all 8 items, predicts vaccine uptake and refusal in parents of
small children [82] and adolescents [18].

Vaccination behavior and intention. General vaccination behavior was again assessed as
the sum of previously received recommended vaccines (yes/no/don’t know; regarding pertus-
sis, tetanus, polio, diphtheria, influenza, measles, hepatitis A, hepatitis B, varicella, pneumococ-
cus, meningococcus C; don’t know was counted as missing value, sum ranging between 0 and
11). Parental vaccination behavior was assessed as having vs. not having vaccinated the child
against measles or HPV, target group-specific acceptance is represented by having received
influenza (when over 60 years of age) or having received hepatitis A (when traveler).

Additional validation constructs and expected relations. As in Study 1, Table 2 provides
hypotheses; S2 Table gives details on all constructs’ definitions, measurement, and respective
references. All constructs were assessed by validated and published scales. The attitude towards
vaccination was assessed following the Theory of Planned Behavior [39,63]. Correct knowl-
edge about vaccination was gathered with a validated knowledge scale [33]. We further used
validated scales to measure conspiracy mentality [36] and empowerment [45]. Perceived risks
of diseases and of vaccination were assessed by a single-item measure each (“How risky do you
judge. ..”, scale 1-100 [65]). We also explored the correlations with a short Big Five personality
factors scale [67]. Additionally, trust in health care systems was collected [34]. Perceived health
status was surveyed with the General Health Perceptions scale [83]. Likewise, we assessed indi-
viduals’ general vulnerability [43], the preference for deliberation [51], superstitious beliefs
[52], self-control [84], time pressure [46], communal orientation [57], collectivism [56], and
empathy [58].

Procedure. The original questionnaire is available at the OSF (https://osf.io/agqem/).
First, respondents were asked to indicate their demographics (gender, age, highest level of edu-
cation), whether they have children between 11 months and 6 years of age, a daughter between
9 and 17 years of age, whether they were chronically ill, worked in the healthcare sector, live in
amore rural or urban area, and whether they have traveled to Southeast Europe, Asia, Africa,
Middle or South America (these regions are considered high-risk regions for diseases such as
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hepatitis A) in the last five years. Parts of these questions were used as quotas for the represen-
tative sampling and to ensure a target group-specific survey. Then, we assessed vaccination
behavior. Parents additionally indicated the vaccination status of their children. Afterwards,
the 5C items and vaccination attitude were measured. The battery was provided more than
once and adapted to specific infectious diseases when the participants belonged to the follow-
ing subgroups, referring to the vaccination schedule in Germany [85]: we provided parents of
young children between 11 months and 6 years of age with extra questions regarding the mea-
sles vaccine, parents of girls between 9 and 17 years of age with items regarding the human
papilloma virus (HPV) vaccine, elderly above 60 years of age, health care personnel, or chroni-
cally ill individuals with items regarding influenza vaccine, and participants who had traveled
to regions where travel vaccinations are recommended received items on the hepatitis A vac-
cine. Then, the validation constructs were assessed: knowledge, PACV, VCS, empowerment,
trust in health care systems, risk perceptions of diseases (measles, HPV, influenza contingent
upon target group), perceived health status, perceived access to health care, invulnerability,
preference for deliberation, conspiracy mentality, superstitious beliefs, self-control, time pres-
sure, communal orientation, collectivism/individualism, empathy, and the Big Five personality
factors short scale.

Statistical analysis. Cronbach’s oo was used as an indicator of reliability; correlation analy-
sis was used for assessing the concurrent and construct validity as well as for the comparison
to existing measures. Linear regression analysis (stepwise) was used to predict vaccination
behavior and binary logistic regression to predict single vaccinations.

Results

For data analysis, we recoded the items where necessary. Data and SPSS syntax (SPSS 25) are
available at the OSF (https://osf.io/agqem/).

Item analysis. Table 3 displays the pre-final 5C scale in a long and short version (note
that the final version is presented below as a result of Study 3). Bold items constitute the final
short version. Three items assessed confidence with a reliability of o = .80. Fig 1 reveals that
the overall item difficulty was higher, as indicated by a lower mean score. This was intended by
the change to more extreme wording. Reliability of the three items assessing constraints was
also very good (o = .81). The five complacency items had an initial Cronbach’s o of .69; in a
stepwise elimination process we eliminated the two items that decreased Cronbach’s o, leading
to a 3-item sub-scale with acceptable o = .75. After the same procedure, the five calculation
items reduced to three items with o = .80. Collective responsibility did not turn out to be a reli-
able sub-scale, Cronbach’s o was .47 for the three items. Thus, we decided to include collective
responsibility as a single-item measure at this stage. We chose the item that showed best per-
formance in the validation for the short measure (below).

Construct validity. All relevant psychological constructs were significantly related to con-
fidence as hypothesized (attitude, knowledge, (weakly) conspiracy mentality and trust;

Table 2). Constraints were significantly related to self-control, perceived time pressure, and
perceived access to health care. Complacency was significantly correlated with perceived threat
of measles, personal health status, and invulnerability. For calculation, only preference for
deliberation was a significant correlation. Superstitious beliefs were not related to calculation.
Finally, collective responsibility was positively related to communal orientation, collectivism,
and empathy. Individualism was not significantly related to collective responsibility.

Validation of the short scale. The development of the short scale is based on another rep-
resentative sample and will be described elsewhere. As a result of that process, for each sub-
scale one representative item was selected. The short and long scales were correlated with the
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validation constructs assessed in this study to compare the patterns and to assess the validity of
the short scale. Table 4 provides the results, which show that both the single-item short scale
and the long scale correlate in the expected directions and to a similar extent as the validation
constructs. The only exception is personal health status, which shows a low correlation with
complacency in the 3-item version, but none in the 1-item version. In total, the correlations
are generally somewhat weaker, but still significant. We therefore assume that the short ver-
sion’s validity is similar to the long one.

When predicting vaccination behavior, we used the long version as well as the short version
of the 5C scale in a stepwise regression analysis. The construction of a new scale is based on
the idea that existing scales mainly assess confidence and that additional constructs need to be
measured, too. Therefore, in the first step we entered confidence, then the remaining four con-
structs to assess their added value; in a third step we controlled for age, gender and level of
education. For both the long and short scale the pattern was equal: confidence, constraints,
and complacency were significant predictors (long scale: fs = .22, -.14, -.11; all ps < .01; short
scale: B = .27, p < .01; -.10, -.08; ps < .05, respectively), while calculation and collective respon-
sibility were not significant predictors. R* for the full models were also similar (corrected R* =
.15 for the long and .15 for the short scale). The change in explained variance by adding con-
straints, complacency, calculation and collective responsibility was significant in both cases
and increased from 8% (long) and 9% (short) to 11%. These results show the usefulness of
extending the prediction of vaccination beyond confidence.

Comparison to existing measures. As the existing scales measure confidence, we ana-
lyzed whether they correlate with the newly constructed 5C confidence sub-scale. Correlation
analysis (S6 Table) shows that both PACV and VCS correlate significantly and highly with
confidence (PACV: r=-.51; VCS: r =.77, ps < .001). Additionally, both scales similarly corre-
late with complacency (rs = .60, -.59, respectively, ps < .001), suggesting that PACV and VCS
also assess the perception of the disease risk. All other sub-scales correlate with the PACV and
VCS between -.15 and .40 (ps < .001), indicating sufficient difference between the 5C anteced-
ents of vaccination and the existing scales.

Predicting vaccination behavior: General vs. specific measurement of the 5Cs. In four
sub-populations (parents of a child aged < 6 years; parents of a daughter between the age of 9
and 13, travelers in risk regions and the elderly), we assessed the 5C scale twice: the general
one discussed so far, and a scale in which each item related to a specific vaccination (e.g.,
“Everyday stress prevents me from getting vaccinated.” vs. “Everyday stress prevents me from
getting vaccinated against influenza.”). We calculated all sub-scales and regressed specific vac-
cination behavior on the 5C sub-scales. Specific vaccination behavior is a binary variable, indi-
cating whether a participant’s child below 6 years of age had received the MMR or the
daughter between 9 and 13 years of age had received the HPV vaccine, or whether the elderly
had received the flu vaccine. As all participants with travel experience in risk regions were vac-
cinated against hepatitis A, we did not calculate any regressions here. Table 3 displays the
results. Overall, there was no general advantage for the specific scale. The amount of explained
variance increased in two of the three cases (HPV, flu) when measured specifically but
remained similar in the third case (MMR). The pattern of significant predictors was more or
less independent from the general vs. specific wording: for MMR and HPV vaccine, confi-
dence was the only predictor in both models; for influenza vaccine, all antecedents were signif-
icant predictors when measured in a specific way; in the general model, collective
responsibility was not significant. Thus, while the pattern of relevant predictors seems to vary
between the different vaccinations, the overall pattern of relevant predictors, however, can be
captured by a general measure as well.
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Table 3. Items of a pre-final 5C scale and Pearson correlations of the long and single-item short version of the 5C scale with validation constructs (Study 2).

5C sub-scale and items I Validation construct I Long version I Single-item version

Confidence (o = 0.80)

I am completely confident that vaccines are safe. attitude 0.78 0.72

Vaccinations are effective. knowledge 0.47 0.45

Regarding vaccines, I am confident that public authorities decide in the best interest of the trust in provider 0.46 0.41

community. trust in payer 0.31 0.27
trust in institutions 0.32 0.29
conspiracy mentality -.07* -.05 ns

Constraints (o = 0.81)

Everyday stress prevents me from getting vaccinated. self-control -0.37 -0.31

For me, it is inconvenient to receive vaccinations. time pressure 0.23 0.26

Visiting the doctor’s makes me feel uncomfortable; this keeps me from getting vaccinated. access to health care -0.17 -0.13

Complacency (a = 0.75)

Vaccination is unnecessary because vaccine-preventable diseases are not common anymore. perceived threat of VPD -0.28 -0.21

My immune system is so strong, it also protects me against diseases. personal health status 0.16 .01 ns

Vaccine-preventable diseases are not so severe that I should get vaccinated. invulnerability 0.47 0.39

Calculation (o = 0.80)

When I think about getting vaccinated, I weigh benefits and risks to make the best decision preference for 0.3 0.25

possible. deliberation

For each and every vaccination, I closely consider whether it is useful for me. superstitious beliefs .02 ns .04 ns

It is important for me to fully understand the topic of vaccination, before I get vaccinated.

Collective responsibility (o = n.a.)

When everyone is vaccinated, I don’t have to get vaccinated, too. communal orientation n.a 0.35
collectivism -.07*
empathy 0.37
individualism .01 ns

Bold items represent the items from the short version of the 5C scale. All ps < .001, except *, which are significant at p < .05. ns not significant. VPD = vaccine-

preventable diseases. Note that Table 5 presents the final version of the 5C scale.

https:/doi.org/10.1371/journal.pone.0208601.t003

Discussion and aims for Study 3

Study 2 demonstrates the reliability and validity of the proposed antecedents of vaccination,
except for the sub-scale collective responsibility. The correlations with other constructs were
in the expected directions. This yields progress in being more specific and theoretically precise
when assessing psychological antecedents of vaccination [11,12,22].

Unfortunately, the collective responsibility sub-scale resulted in only one item, as the
3-item solution was not reliable. Thus, Study 3 will add two additional items to the collective
responsibility sub-scale, so that each sub-scale has the same number of items. The short ver-
sion turned out as valid as the long version, which allows the future use of one item per sub-
scale (e.g., in field settings or for monitoring) without losing validity. When comparing the 5C
scale with existing scales, the results showed that there is considerable overlap with the 5C con-
fidence sub-scale and existing scales that assess confidence (PACV, VCS; see also Table 1) and
sufficient distinctiveness from the existing scales when looking at the other sub-scales. Gener-
ally, there was no overarching advantage of using a vaccine-specific version. As a limitation, it
is important to note that the uptake for MMR was very high in the sample (93.1%), so there
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Table 4. Results of six binary logistic regressions to compare the explanatory value of the general and specific 5C scale in predicting acceptance of MMR, HPV and
flu vaccination (Study 2).

MMR vaccination of children below 6 y/a HPYV vaccination of daughter between 9 and | Flu vaccination of participants over 60 y/a
(n = 1445 93.1% vaccinated) 13y/a (n = 543; 37.4% vaccinated)
(n = 154; 52.6% vaccinated)

5C general 5C MMR-specific 5C general 5C HPV-specific 5C general 5C Flu-specific

B SE OR B SE OR B SE OR B SE OR B SE OR B SE OR
Confidence 0.930 | 0.423 | 2.536 | 1.225 | 0.454 | 3.404 | 0.781 | 0.235 | 2.183 | 0.951 | 0.230 | 2.589 | 0.921 | 0.159 | 2.513 | 1.609 | 0.184 | 4.999
Constraints 0.649 | 0.541 | 1.913 | 0.400 | 0.575 | 1.492 | -0.067 | 0.258 | 0.935 | 0.261 | 0.323 | 1.298 | -0.417 | 0.168 | 0.659 | -0.674 | 0.199 | 0.509
Complacency -0.454 | 0.496 | 0.635 | -0.164 | 0.495 | 0.849 | -0.050 | 0.28 | 0.951 | 0.535 | 0.339 | 1.708 | -0.581 | 0.191 | 0.56 | -0.786 | 0.196 | 0.456
Calculation -0.743 | 0.531 | 0.476 | -0.583 | 0.472 | 0.558 | 0.309 | 0.238 | 1.363 | 0.062 | 0.228 | 1.064 | -0.309 | 0.127 | 0.734 | -0.388 | 0.158 | 0.679
Coll. Resp. -0.071 | 0.391 | 0.932 | -0.275 | 0.534 | 0.760 | -0.452 | 0.256 | 0.636 | 0.38 | 0.336 | 1.463 | -0.202 | 0.176 | 0.817 | -0.514 | 0.199 | 0.598
Gender 0.775 | 0.814 | 2.171 | 0.788 | 0.856 | 2.199 | -0.062 | 0.361 | 0.939 | -0.188 | 0.378 | 0.829 | -0.347 | 0.22 | 0.706 | -0.293 | 0.260 | 0.746
Age -0.026 | 0.042 | 0.975 | -0.002 | 0.043 | 0.998 | -0.031 | 0.02 | 0.969 | -0.031 | 0.020 | 0.969 | 0.034 | 0.008 | 1.035 | 0.017 | 0.009 | 1.017
Education 0.241 | 0.417 | 1.272 | 0.337 | 0.405 | 1.400 | -0.148 | 0.189 | 0.863 | 0.006 | 0.190 | 1.006 | 0.146 | 0.099 | 1.157 | 0.251 | 0.118 | 1.285
Constant 1.684 | 4.614 | 5.386 | -0.697 | 4.629 | 0.498 | 0.212 | 2.405 | 1.236 | -5.117 | 2.825 | 0.006 | -1.884 | 1.446 | 0.152 | -1.136 | 1.544 | 0.321
Nagelkerke’s R | 0.309 0.305 0.169 0.224 0.352 0.579

The pattern of results remained stable when not controlling for age, gender and education. Bold coefficients are significant at p < 0.05; all other ns.

https://doi.org/10.1371/journal.pone.0208601.t004

was not much variance in the dependent variable. This may have reduced the predictive power
of the scales.

Study 3

In Study 3, the crowd-working platform Mechanical Turk (MTurk) was used for collecting
data. We used a US sample of parents and assessed the 5C scale to also compare it with the
measures that had been developed concurrently (Table 1), and to refine the final 5C scale. Fur-
ther, using participants from the US allowed providing a validated English translation of the
5C scale. Most importantly, we extended the collective responsibility factor as it only had one
item.

Methods

Participants. Sample size was optimized for detecting small correlations (r = .2) with at
least 95% power [62]. The parents were recruited and took part in the study online. 79.01% of
the participants who started the study finished it, resulting in N = 350 parents. They received
financial compensation via MTurk; US$2.50 for about 16 minutes completion time on average
(SD = 12.8). Of the parents, 49% were female; M,z = 34.01, SD = 7.49; 92% were parents of a
child equal to or above 2 years of age, 28% had children equal to or above 11 years of age. Edu-
cation levels were recoded following the International Standard Classification of Education,
yielding n = 3 participants at level 2 (lower secondary education), n = 101 on level 3 (upper sec-
ondary education), # = 242 on level 5 (short-cycle tertiary education), and n = 3 on level 6
(Bachelor’s degree or equivalent tertiary education level). In order to check the data quality in
the MTurk sample we conducted two attention checks [86]. Twenty individuals failed on at
least one of two attention checks. Excluding these from the analyses did not alter the results
and thus we included all participants in the reported analyses. Data collection took place in
Spring 2018.

5C and further item development. As Study 2 revealed that for collective responsibility
the available items were not suitable to build a reliable sub-scale, we constructed 11 new
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candidates, all verbalizing the idea that free-riding (reverse) or ensuring community/herd
immunity is a good idea (e.g., “Ensuring community immunity is an important reason for me
to get vaccinated.”). For the 5C scale, we decided to switch to a 7-point fully-labelled rating
scale to increase the potential variance and allow for more fine-graded ratings (strongly/mod-
erately/slightly disagree, neutral, slightly/moderately/strongly agree).

Existing measures. Six existing measures were included in this study. In addition to the
two measures described in Study 2 (PACV, VCS), we included the scales below.

GVCI. The global vaccine confidence index [4] uses four items to assess whether vaccines
are perceived as safe, important, effective, and compatible with religious beliefs (4-point scale,
disagree to agree). The measure is based upon the ten-question Likert-type rating scale survey
proposed by SAGE [30]. The authors see their scale as a global monitoring tool. It has been
applied in multiple countries; the data are publicly available (www.vaccineconfidence.org).
While safety and effectiveness are aspects of confidence, importance pertains to complacency
and compatibility with religious beliefs is a new aspect that is not covered in the existing theo-
retical models (Table 1; see also General discussion).

VHS. The Vaccine Hesitancy Scale uses the same basic set of items as the GVCI, but it
assesses the validity and reliability of the full 10 items as suggested in the original paper
(5-point Likert-type rating scale ranging from strongly disagree to strongly agree). As the
authors note, there has never been a psychometric validation since the items were proposed.
Factor analyses revealed two factors: lack of confidence (e.g., “All childhood vaccines offered
by the government program in my community are beneficial.” (reverse); o = .92) and risk due
to vaccination (e.g., “New vaccines carry more risks than older vaccines.”; o = .64). The sub-
scales were substantially correlated with the Vaccine Conspiracy Beliefs Scale [19] and the
harms and benefits sub-scales of a hesitancy measure which is specifically related to HPV vac-
cination [87]. Concurrent validity was also supported by participants who had refused HPV
vaccination showing higher hesitancy scores [31]. Thus, as indicated in Table 1, this scale is
another measure that validly and reliably assesses the theoretical component of confidence.

VAS. The “survey instrument for measuring vaccine acceptance” (in the remainder referred
to as the Vaccine Acceptance Scale; VAS) [20] criticizes existing measures as being theoreti-
cally inconsistent, using different numbers of items per sub-scale, using too many different
and unbalanced item stems and scoring rules. In their new construction, they developed four
items each for five reliable sub-scales: perceived safety of vaccines (e.g., “Vaccines contain mer-
cury in dangerous amounts.” (reverse); o. = .91), perceived effectiveness and necessity of vac-
cines (e.g., “Vaccines are effective at preventing diseases.”; o = .82), acceptance of the selection
and scheduling of vaccines (e.g., “We give children the right number of vaccines.”; o. = .89),
positive values and affect toward vaccines (e.g., “I'm morally opposed to vaccinating my
child.”; o = .91), and perceived legitimacy of authorities to require vaccinations (e.g., “The gov-
ernment should not force children to get vaccinated to attend school.”; o = .89). A total score
(mean of all sub-scales; o = .96) and a short version (10 items) can also be calculated. Accord-
ing to the VAS validation data, acceptance is related to trust in biologists, conspiratorial think-
ing, and political ideology (higher acceptance in more liberal individuals). Thus, as indicated
in Table 1, this scale is another measure that strongly relates to the theoretical concept of
confidence.

VCI. The Vaccine Confidence Index VCI [21] aims to track changes in parents’ confidence
over time as well as to assess confidence in provider settings. It is based on experts’ opinions
and after item analysis it results in three constructs, i.e., trust (e.g., in the Food & Drug Admin-
istration (FDA), the federal government agency that licenses vaccines; four items, 7-point
scale), importance (“It is important for everyone to get the recommended vaccines for their
child(ren).”; one item, 5-point scale), confidence (e.g., “Vaccines recommended for young

PLOS ONE | https://doi.org/10.1371/journal.pone.0208601 December 7,2018 18/32


http://www.vaccineconfidence.org
https://doi.org/10.1371/journal.pone.0208601

®PLOS | one

Measuring the psychological antecedents of vaccination

children are safe.”; three items, 6-point scale). As the sub-scales’ scoring varies between 5-, 6-,
and 7-point scales, we calculated POMP values [88] before calculating a mean total score. The
scale was obtained during an online search, to our understanding this is a scale in develop-
ment. However, we decided that including this new measure would be useful for screening the
market and to compare the 5C scale with existing and emerging approaches. As the title of the
scale suggests, the VCI is a further candidate in assessing confidence with several sub-scales.

Vaccination behavior and intention. General vaccination behavior was again assessed as
the sum of previously received recommended vaccines; yes/no/don’t know; don’t know
answers were counted as missing values, sum ranging between 0-6 for adults (tetanus, diph-
theria, pertussis, flu, varicella, MMR), and 0-11 for children (tetanus, diphtheria, pertussis, flu,
varicella, MMR, Hepatitis A, B, haemophilus influenza type B, pneumococcal, polio, rota) as
these were the vaccines recommended for adults and children, respectively [89]. Vaccination
behavior for specific vaccinations was assessed as having vs. not having vaccinated the child
against measles (children > 2 years of age) or HPV (children > 11 years of age), having
received influenza was assessed for all participants as in the US there is a universal
recommendation.

Additional validation constructs and expected relations. Communal orientation and
social desirability were assessed as in Study 1 and 2 to validate the new 5C sub-scale collective
responsibility and to check for its relation to socially desirable response tendencies.

Procedure. The original questionnaire is available at the OSF (https://ost.io/agqem/).
After informed consent, the questionnaire first assessed age, gender, highest level of education,
whether participants had children under 18 years of age, the age of their (up to five) oldest chil-
dren if applicable, whether they were chronically ill, whether they were health care personnel,
whether they lived in a more rural or urban area, and whether participants have traveled to
Southeast Europe, Asia, Africa, Middle or South America in the last five years. After an atten-
tion check [86], we assessed vaccination behavior as a self-report of their own as well as their
oldest child’s vaccination status. Then, the seven vaccination measures were assessed in ran-
dom order and the sequence of the items within each measure was randomized, too. This was
followed by a second attention check [86], communal orientation and social desirability, also
in random order and with a random sequence of items within each measure. On the final page
after the debrief, participants received a link to the CDC website on immunization for further
information.

Statistical analysis. Cronbach’s o was used as an indicator of reliability; correlation analy-
sis was used for assessing the construct validity as well as for the comparison to existing mea-
sures. Binary logistic regressions predict single vaccinations.

Results

Item analysis and validation. In order to find items that complement the existing collec-
tive responsibility item, we chose items that matched the construct best and correlated with
the validation construct communal orientation. Based on the reliability analyses we chose two
additional items (“I get vaccinated because I can also protect people with a weaker immune
system.”, “Vaccination is a collective action to prevent the spread of diseases.”) The sub-scale’s
Cronbach’s o was .71; its correlation with communal orientation was r = -.17, p < .001; for
downplaying negative qualities (social desirability) r = -.32, p < .001, and .09, ns, for emphasiz-
ing positive qualities. Table 5 presents the final resulting scale including all Cronbach’s as. All
sub-scales had sufficient reliability.

Comparison with existing measures. S1 Fig provides the existing measure’s mean scores
with 95% Cls. Inspection of the means shows that these are at significantly different levels; i.e.,
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Table 5. The final English and German 5C scale measuring psychological antecedents of vaccination (Study 3).

English version

German version

Confidence o = .85

I am completely confident that vaccines are safe.

Ich habe vollstes Vertrauen in die Sicherheit von
Impfungen.

Vaccinations are effective.

Impfungen sind effektiv.

Regarding vaccines, I am confident that public
authorities decide in the best interest of the
community.

Was Impfen anbelangt, vertraue ich darauf, dass staatliche
Behoérden immer im besten Interesse fiir die Allgemeinheit
entscheiden.

Complacency o =.76

Vaccination is unnecessary because vaccine-
preventable diseases are not common anymore.

Impfungen sind iiberfliissig, da Krankheiten, gegen die
man sich impfen lassen kann, kaum noch auftreten.

My immune system is so strong, it also protects me
against diseases.

Mein Immunsystem ist so stark, es schiitzt mich auch vor
Erkrankungen.

Vaccine-preventable diseases are not so severe that I
should get vaccinated.

Krankheiten, gegen die man sich impfen lassen kann, sind
nicht so schlimm, dass ich mich gegen sie impfen lassen
muisste.

Constraints o = .85

Everyday stress prevents me from getting
vaccinated.

Alltagsstress hilt mich davon ab, mich impfen zu lassen.

For me, it is inconvenient to receive vaccinations.

Es ist fiir mich aufwindig, eine Impfung zu erhalten.

Visiting the doctor’s makes me feel uncomfortable;
this keeps me from getting vaccinated.

Mein Unwohlsein bei Arztbesuchen hilt mich vom Impfen
ab.

Calculation oo = .78

When I think about getting vaccinated, I weigh
benefits and risks to make the best decision
possible.

Wenn ich daran denke, mich impfen zu lassen, wige ich
Nutzen und Risiken ab, um die bestmogliche
Entscheidung zu treffen.

For each and every vaccination, I closely consider
whether it is useful for me.

Ich tiberlege fiir jede Impfung sehr genau, ob sie sinnvoll
fiir mich ist.

It is important for me to fully understand the topic of
vaccination, before I get vaccinated.

Ein volles Verstindnis tiber die Thematik der Impfung ist
mir wichtig, bevor ich mich impfen lasse.

Collective responsibility o. = .71

When everyone is vaccinated, I don’t have to get
vaccinated, too. (R)

Wenn alle geimpft sind, brauche ich mich nicht auch
noch impfen zu lassen. (R)

I get vaccinated because I can also protect people with
a weaker immune system.

Ich lasse mich impfen, weil ich auch Menschen mit einem
schwachen Immunsystem schiitzen kann.

Vaccination is a collective action to prevent the
spread of diseases.

Impfen ist eine gemeinschaftliche Mafinahme, um die
Verbreitung von Krankheiten zu verhindern.

Instruction: “Please evaluate how much you disagree or agree with the following statements.” (1 = strongly disagree,

2 = moderately disagree, 3 = slightly disagree, 4 = neutral, 5 = slightly agree, 6 = moderately agree, 7 = strongly

agree). Scoring: mean scores of each sub-scale. Item with (R) is reverse-coded. For the short scale use bold items.

Cronbach’s o refers to the English version. The German translation of the collective responsibility scale has not been

tested on a German sample yet.

https://doi.org/10.1371/journal.pone.0208601.t005

classifying samples according to the absolute values reached on different scales would lead to
different interpretations with the VCS and GVCI testifying the highest confidence/acceptance
and the VAS showing lowest levels of confidence/acceptance. Table 6 provides Cronbach’s os

and correlations between the 5C sub-scales and all hesitancy/acceptance measures. All existing
scales correlate significantly and highly (> .6) with the 5C sub-scales confidence and collective
responsibility. Additionally, PACV and VAS correlate highly with complacency. The lowest
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Table 6. Pearson zero-order correlations between the 5C sub-scales and all seven assessed hesitancy/acceptance measures (Study 3).

Parental Attitudes about Vaccine Confidence Scale Global Vaccine Vaccine Hesitancy Vaccine Vaccine Confidence
Childhood Vaccines (benefit factor) Confidence Index Scale Acceptance Index
Opel Gilkey Larson Shapiro Sarath-chandra Frew
PACV VCS GVCI VHS VAS VCI

min. max [0,30] [1,11] [1,5] [1,5] [1,7] [1,5;657]
5C Conf. -.674%* .790** .782** .800** -.764%* .828**
o=.85
5C Constr. A467%* -.308"* -.254** -.440** 547%* -.290"**
o=.85
5C Compl. 619%* -477* -414* -.577** .701%* -.429**
o=.76
5C Calc. 272+ -.093 -.084 -1727 237% -153"
o=.78
5C Coll. -.657"* 751%* 696" .780%* -.765** .692**
Resp.
o=.71
Total 5C -731%* .609** .546"* 711 -.806%* .600**
o=.71
PACV =721 -.689"* -.826"* .879** -.732%*
o=.89
VCS .835** .875%* -.803"* .860**
o=.90
GVCI .823** -.765%* .831%*
o=.87
VHS -.894" 8747
o=.90
VAS -.804"*
o=.95
VCI -
o=.95

The VHS scale is actually meant to be a 2-factor scale that is not combined. Cronbach’s alpha for the sub-scales were .76 for risks and .94 for lack of confidence.
Recoding the two risk-items led to excellent Cronbach’s c.. Therefore, we use the combined score here.

*p <.05;

*p<.01.

https://doi.org/10.1371/journal.pone.0208601.t006

correlations of existing scales and the 5C sub-scales are with constraints and calculation, point-
ing out unique features of the 5C scale. The correlational pattern thus demonstrates good con-
vergent and discriminant validity.

In order to compare the scales” performance in predicting vaccination behavior, we con-
ducted binary logistic regression analyses to predict whether adults had received flu vaccina-
tion, and the oldest child had received the MMR vaccine (for children > 2 years of age,

n = 320) and/or the HPV vaccine (for children > 11 years of age, n = 97). As predictors, we
used the respective sub-scales to predict specific vaccination behavior, controlled for age, gen-
der and education.

The analysis was performed for each measure and each vaccine (Table 7), allowing compar-
ison of the proportion of variance explained by the sub-scales and, for the existing measures,
also for the total score (Nagelkerke’s R*). Analyses reveal that for all scales, between the vac-
cines, the sub-scales that predict acceptance vary. That is, predictors which are relevant for flu
are not necessarily relevant for uptake of the MMR vaccine. Additionally, especially for the
MMR vaccine, the significant predictors go beyond confidence, as other sub-scales are
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significantly related to acceptance as well (constraints, calculation). Moreover, the total
amount of variance explained varies depending on the vaccination and the scale used to pre-
dict uptake. For flu vaccination, the maximum percentage of explained variance was 22%
(VCI). For MMR and HPV vaccination, the highest proportion of explained variance was 42%
(VAS) and 40% percent (VCI), respectively. In all cases the 5C scale consistently explained
nearly as much variance (21% for flu, 40% for MMR and 35% for HPV). Thus, for all assessed
vaccines the 5C scale constantly performed as good as the best performing scale, which varied
for the different vaccines. Thus, we recommend using the 5C scale as a 5- or 15-item measure
to assess the five psychological antecedents of vaccination to separately predict vaccination
behavior.

Discussion of Study 3

In Study 3, we reached the goal of constructing a reliable and valid scale with five sub-scales,
each with three items. The regression analyses showed that the 5C sub-scales are valid predic-
tors of vaccination behavior for several vaccinations and that the amount of explained variance
was relatively high. However, the analysis involved multiple tests. If we use a Bonferroni-cor-
rected alpha level of .0015, only some remain significant as indicated in Table 7. This suggests
that we should carefully interpret the results of the regressions. However, it is interesting that
compared with Study 2, other sub-scales were significant predictors—e.g., while in the German
elderly sample, all 5Cs were significantly related to previous flu vaccination, in the US parents
sample only confidence was significantly related to flu vaccination. Contrarily, while con-
straints and calculation were related to MMR vaccination for US parents, for German parents
only confidence played a role. Only HPV vaccination was solely predicted by confidence in
both samples. Future studies should further explore country differences, potentially related to
different recommendations or media coverage.

As limitations, we note a potential self-selection bias. At the beginning of the survey, it was
mentioned that the survey would pose many questions about vaccination. This might have
attracted people with especially high or low confidence levels, possibly accounting for confi-
dence being an important predictor across all scales.

General discussion

In 2015, the US National Vaccine Advisory Committee published a position paper on the cur-
rent state of vaccine confidence and some of the existing approaches to increase it. It recom-
mends the “development of an index, composed of a number of individual and social
dimensions, to measure vaccine confidence. This index should be capable of (1) rapid, reliable,
and valid surveillance of national vaccine confidence; (2) detection and identification of varia-
tions in vaccine confidence at the community level; and (3) diagnosis of the key dimensions
that affect vaccine confidence”. We would like to expand on the concept and stress that it is
important to develop such a measure that assesses not only confidence, but also other relevant
factors predicting vaccination behavior. The development of the 5C scale presented here fol-
lows these extended recommendations and assesses psychological antecedents of vaccination
(1) based on social and individual dimensions (e.g., by adding collective responsibility and cal-
culation), (2) provides a validated short form to monitor hesitancy on a national and commu-
nity level (Study 2), and (3) includes all aspects of vaccine hesitancy given in the literature
(Table 1).

In summary, the studies showed that the pattern of significant predictors varies depending
on the vaccination at hand and the target or risk group, as well as country. This is a result that
holds for all existing scales. For example, in Study 2 flu vaccination was related to four factors
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Table 7. Regressions predicting vaccine acceptance (own flu vaccination, child’s MMR and HPV vaccination) by the sub-scales and total scores of all assessed mea-
sures (Study 3).

Own flu vaccination Child’s MMR vaccination Child’s HPV vaccination

n =316 in the regression (child > 2 yrs) n = 301 in the regression | (child > 11 yrs) n =97,

48.0% vaccinated (168 out of 317) 83.0% vaccinated (268 out of 302) 53.6% vaccinated (52 out of 88)

B SE OR R B SE OR R B SE OR R’
5C
sub-scales 0.21 0.40 0.35
Confidence 0.530 0.121 1.698* 0.281 0.212 1.324 0.759 0.256 2.137
Constraints -0.085 0.109 0.919 -0.361 0.169 0.697 0.208 0.267 1.231
Complacency 0.155 0.12 1.167 -0.343 0.211 0.710 0.171 0.280 1.231
Calculation -0.075 0.095 0.928 0.453 0.191 1.573 -0.288 0.240 0.750
Collective responsibility 0.134 0.154 1.143 0.458 0.257 1.580 0.093 0.36 1.097
PACV -0.079 0.017 0.924 0.13 -0.133 0.028 0.876* 0.27 -0.086 0.031 0.918 0.18
sub-scales 0.15 0.33 0.30
behavior -0.097 0.172 0.908 -0.158 0.273 0.854 0.712 0.391 2.037
general attitude -0.170 0.045 0.844* -0.309 0.066 0.734* -0.322 0.100 0.724*
safety and efficacy 0.028 0.060 1.028 0.110 0.110 1.116 0.111 0.131 1.117
VCS 0.308 0.062 1.361 0.15 0.405 0.077 1.500* 0.29 0.301 0.113 1.351 0.19
sub-scales 0.16 0.32 0.23
benefits 0.202 0.100 1.224 0.178 0.118 1.194 0.044 0.197 1.045
harms -0.067 0.047 0.936 -0.148 0.083 0.862 0.003 0.109 1.003
trust 0.071 0.097 1.073 0.247 0.129 1.280 0.399 0.232 1.491
GVCI 0.731 0.161 2.076 0.13 1.076 0.206 2.934* 0.29 0.977 0.326 2.658 0.22
sub-scales 0.15 0.30 0.30
important 0.140 0.222 1.15 0.720 0.305 2.054 0.948 0.621 2.580
safe 0.619 0.217 1.856 -0.151 0.331 0.860 0.897 0.503 2.453
effective -0.087 0.254 0.916 0.126 0.337 1.134 -1.077 0.651 0.341
compatible with religious belief 0.049 0.124 1.051 0.373 0.186 1.453 0.122 0.32 1.129
VHS 0.827 0.155 2.286 0.17 1.204 0.233 3.332* 0.30 0.683 0.255 1.979 0.18
sub-scales 0.17 0.30 0.18
risk -0.084 | 0126 | 0919 0149 | 0206 | 0.862 -0.089 | 0231 | 0915
lack of confidence 0.763 0.192 2.146* 1.023 0.233 2.782* 0.605 0.334 1.832
VAS -0.485 | 0.096 | 0.616 015 | -0.900 | 0.170 | 0406 | 032 | -0.393 | 0163 | 0.675 0.15
sub-scales 0.17 0.42 0.22
safety -0.226 0.161 0.798 -0.456 0.321 0.634 0.201 0.325 1.223
necessity 0.130 0.183 1.139 -1.064 0.341 0.345 0.293 0.366 1.341
selection & scheduling -0.306 0.152 0.737 0.428 0.342 1.534 -0.531 0.326 0.588
values/affect 0.132 0.155 1.141 -0.416 0.263 0.66 0.007 0.291 1.007
legitimacy -0.181 0.138 0.835 0.512 0.298 1.668 -0.274 0.273 0.76
VCI 0.778 0.130 2.178 0.21 0.857 0.168 2.356* 0.28 0.961 0.253 2.615* 0.34
sub-scales 0.22 0.31 0.40
trust 0086 | 0.149 | 1.090 -0.197 | 029 | 0.821 0.985 | 0.355 | 2.678
importance 0279 | 0235 | 1322 0912 | 0.326 | 2488 0464 | 0469 | 0.629
confidence 0.466 0.222 1.593 0.316 0.367 1.372 0.112 0.411 1.118

All regressions controlled for age, gender and education levels in the second step. R* = Nagelkerke’s R>. Bold: significant at p < 0.05.

* significant at < 0.001 which is the Bonferroni-corrected level of significance.

https://doi.org/10.1371/journal.pone.0208601.t007
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in elderly Germans, while only one factor predicted flu vaccination in US parents. This seems
to mirror the notion that “vaccine hesitancy is complex and context specific, varying across
time, place and vaccines” [15].

Moreover, the analyses also showed that the general version of the 5C scale (asking for vac-
cination in general) predicted acceptance as similarly well as a vaccine-specific version (e.g.,
asking specifically for influenza vaccination). Unless the focus of a future study or intervention
is only on one specific vaccination, we therefore recommend using the general scale, which
can predict acceptance of several vaccinations and makes results (e.g., from different coun-
tries) easier to compare.

By relating the 5C sub-scales to psychological constructs we learned more about the psycho-
logical underpinnings of vaccine hesitancy and acceptance as described in the results of Studies
1 and 2 (summary in Table 2). If we wanted to construct ‘psychological profiles’ of the extreme
ends of the scales, a person that lacks confidence is more likely to have a negative attitude and
misbeliefs, mistrust the health system and medical treatments in general, and believe in con-
spiracies. A person who is held back due to constraints also has a more general lack of self-con-
trol and self-efficacy. Highly constrained people perceive a lack of time-so for these people
vaccination should be made easy. The typical complacent person does not feel vulnerable, he
or she feels healthy and does not care about the future which might lead to high-risk behaviors.
Disease risks are perceived as low. People who calculate are risk averse, prefer to deliberate and
are especially concerned about the risks associated with vaccination. Even though deliberation
and risk assessments are important, the respective skills (numeracy) are not especially high in
these people, which potentially leads to skewed risk perceptions (high vaccination risks, low
disease risks). People who score high on collective responsibility generally care more for other
people and are more empathic.

In summary, the analyses showed that going beyond confidence will explain vaccination
behavior to a greater extent. For assessing confidence, there is a whole range of measures that
all reliably and validly assess confidence (Study 3, Table 1). However, using additional con-
cepts increased the amount of variance explained (Study 2 and Table 7).

Limitations and future research

As a limitation of this work we have to note that the three studies, similar to the construction
studies of all other existing measures, only assess concurrent validity and not predictive valid-
ity, i.e., associations with vaccination behavior that is assessed at some point in the future. This
was simply beyond the scope of this work. Thus, future studies should strive to test the 5C
scale’s predictive validity.

For some regressions the sample sizes were rather small (e.g., for the HPV binary logistic
regression in Study 3). Additionally, for some vaccines the uptake was very high (e.g., 93% had
MMR vaccination in Study 2), which reduces the variance to be explained by the scales. Future
studies should strive for larger samples and therefore for more statistical power.

It is additionally important to note that the 5C scale as well as all other measures discussed
in this article have been developed in WEIRD societies (Western, Educated, Industrialized,
Rich, Democratic) [90]. While in developed countries, online studies may not be a problem
and include people from various educational backgrounds [91], replicating such studies in
developing countries may lead to an oversampling of educated participants and therefore lim-
its the generalizability. Vaccine hesitancy is not only a problem in WEIRD societies, but also in
developing, low- and middle-income countries. Thus, testing and potentially adapting the 5C
scales to other contexts (e.g., such as African countries [92] or Russia [90]) is advisable. This
could also include testing whether assessing religious reasons (as in the GVCI) changes the
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amount of explained variance in different contexts. However, it should be noted that generally
vaccination is compatible with the world’s religions as analyzed by [93]. It is argued that “in
multiple cases, ostensibly religious reasons to decline immunization actually reflected concerns
about vaccine safety or personal beliefs among a social network of people organized around a
faith community, rather than theologically based objections per se” [93]. Thus, future research
should strive to disentangle these complex relations.

5C scale as a toolbox for diagnosis, intervention and evaluation

The 5C scale now offers a psychologically sound and validated measure to be used for regular
global monitoring of the psychological antecedents of vaccination behavior. It can be used to
assess the relative importance of the psychological antecedents. Knowing the relative impor-
tance is only a first step; it needs to be followed up by further exploration (e.g., in focus groups)
to gain insights of potential levers of how to change the respective antecedents. For example, a
lack of confidence may be related to misinformation; however, it may also be related to a polit-
ical system fostering inequality; highly perceived constraints could be a function of a lack of
access, inappropriate service delivery or reluctance to get registered, e.g., from a minority per-
spective. A broader analysis that explores the basic causes of the identified antecedents that
combines qualitative and quantitative analyses are necessary, both from the perspective of the
beneficiary and the provider, to develop behavior change interventions [94]. The revised “Tai-
loring Immunization Programmes” approach by the World Health Organization [8] uses the
COM-B model to analyze behavior as a function of capability, motivation, and opportunity
[95]. The 5C scale can also be used to support this work, as complacency can be interpreted as
a capability aspect (knowledge, understanding importance); calculation and confidence as
reflective and automatic motivation, respectively, and constraints and collective responsibility
as physical and social opportunity factors. Future research should complement these efforts by
identifying interventions that match the relevant C(s) [22], e.g., which interventions are best
suited to overcome constraints, to increase confidence, to reduce complacency (without
increasing psychological reactance), etc. Additionally, addressing more than one underlying
cause in one intervention is likely to increase the success of the intervention [96]. For interven-
tion purposes we recommend measuring the intervention’s success by comparing pre- and
post-intervention data for intervention planning and evaluation.

Conclusion

The 5C scale expands the scope of available measures and covers the broader theoretical
conceptualization of vaccine hesitancy and acceptance. In contrast to other existing measures,
it goes beyond capturing confidence, which proved successful in the validation studies. It can
be used as a tool for diagnosis and to support the design and evaluation of clinical interven-
tions [25]. The 5C scale allows global monitoring and comparison of the psychological ante-
cedents of vaccination and can assist countries in collecting data to report in their annual joint
reporting form [10]. There is considerable debate among practitioners and academics from all
parts of the world about how to measure hesitancy right, whether hesitancy is the best term,
how general such a measure can or should be, and how context-specific vaccine hesitancy is.
This scale development is only one further step toward understanding vaccine hesitancy and
acceptance. The greatest strength of this scale-beyond its validity-is its relation to theory and
empirical association with psychological constructs. We would therefore like to offer this mea-
sure to the community for empirical testing, cultural adaption, and further development.
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