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A growing number of parents delay vaccinations or are deciding not to vaccinate their
children altogether. This increases the risk of contracting vaccine-preventable diseases
and disrupting herd immunity, and also impairs the trust in the capacities of health care
systems to protect people. Vaccine hesitancy is related to a range of both psychological
and demographic determinants, such as attitudes toward vaccinations, social norms,
and trust in science. Our aim is to understand those determinants in parents, because
they are a special group in this issue—they act as proxy decision makers for their
children, who are unable to decide for themselves. The fact that deciding to vaccinate is
a socially forced choice that concerns a child’s health makes vaccine-related decisions
highly important and involving for parents. This high involvement might lead to parents
overemphasizing the potential side effects that they know to be vaccine-related, and by
amplifying those, parents are more focused on the potential outcomes of vaccine-related
decisions, which can yield specific pattern of the outcome bias. We propose two related
studies to investigate factors which promote vaccine hesitancy, protective factors that
determine parental vaccination decisions, and outcome bias in parental vaccination
intentions. We will explore demographic and psychological factors, and test parental
involvement related to vaccine hesitancy using an online battery in a correlation panel
design study. The second study is an experimental study, in which we will investigate
the moderating role of parents’ high involvement in the specific domain of vaccination
decision making. We expect that higher involvement among parents, compared to
non-parents, will shape the pattern of the proneness to outcome bias. The studies will be
conducted across eight countries in Europe and Asia (Finland, Germany, Hong Kong, the
Netherlands, Serbia, Slovenia, Spain, and the United Kingdom), rendering findings that
will aid with understanding the underlying mechanisms of vaccine hesitancy and paving
the way for developing interventions custom-made for parents.

Keywords: vaccine, involvement, vaccine hesitancy, immunization, health decisions, decision-making, parents,
outcome bias
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INTRODUCTION

One of the greatest public health challenges today concerns
suboptimal vaccine uptake rates. In 2017, measles affected 21,315
people and caused 35 deaths, according to WHO’s press release
from 19 February 2018. “The surge in measles cases in 2017
included large outbreaks in 15 of the 53 countries in the
(European) region. The highest numbers of affected people
were reported in Romania (5,562), Italy (5,006), and Ukraine
(4,767)” (World Health Organization, 2018). Greece, Germany,
Serbia, the United Kingdom, Spain, Bulgaria, and France also
experienced large outbreaks (World Health Organization, 2018).
This is a result of suboptimal vaccine rates (World Health
Organization, 2017a): in many areas, the coverage rates of
common vaccines have decreased below 95% that is postulated
as the minimum to herd immunity, the effective halting of the
spread of measles and other vaccine-preventable diseases.

While some children cannot be vaccinated for medical reasons
and in some areas vaccines are not readily available, a growing
number of children are not vaccinated or are vaccinated late
largely due to their parents’ conscious decision (Pearce et al.,
2008). The resistance to be vaccinated or to delay vaccinations
despite having available vaccinating services, has been dubbed
vaccine hesitancy (Luthy et al., 2009; Gowda and Dempsey, 2013;
World Health Organization, 2014). Numerous interventions
have been introduced to combat vaccine hesitancy, but many
are lacking in success (Sadaf et al., 2013; Dubé et al., 2014;
Pluviano et al., 2017). To better combat vaccine hesitancy and
optimize interventions, factors associated with parents’ decisions
on vaccination need to be identified and investigated.

As such, vaccine hesitancy is a multi-layered phenomenon,
related, amongst others, to various factors of social and
psychological kind. Several studies examining various
populations and different vaccines have found that vaccine
hesitancy is related, amongst other, to prior beliefs about
vaccinations (Smailbegovic et al., 2003; Dubé et al., 2014),
perceived benefits of vaccines (Myers and Goodwin, 2011),
attitudes toward vaccines (Pareek and Pattison, 2000; Mohd
Azizi et al, 2017), whether the child has been previously
vaccinated (Pareek and Pattison, 2000), previous experiences
with vaccinations (Boes et al., 2017), socioeconomic status
(Smith et al., 2004), number of children (Gust et al., 2005), and
marital status (Smith et al., 2004). Despite the wide range of
findings, the results of several systematic reviews suggest that
there are still factors to be identified and further explored (Mills
et al., 2005; Larson et al., 2014; Cobos et al., 2015).

The studies about vaccine hesitancy have often focused on
parents, who are the key propagators of vaccine hesitancy and
consumers of anti-vaccine influences, while the children are
the key victims. For parents, vaccinating their children could
mean that parents have to witness their child’s discomfort
and have to face potential potential side effects. At the
same time, not vaccinating may lead to contracting vaccine-
preventable diseases, potential prosecution in certain countries,
enrolment refusal in some schools, disrupting herd immunity,
etc. Parents may also face social pressure, such as pressure from
health-care professionals (Evans et al., 2001), or other kinds of

social pressure, e.g., to be experts on vaccination mechanism
and therefore reliable and informed decision makers. In the
contemporary context, parents are prompted to take an active
role in their children’s healthcare (Pyke-Grimm et al.,, 1999),
which places heavy burden on the parent (Wagenaar et al,
1988).

This is especially true in the realm of intensive parenting;
one of the most dominant parenting styles today (Arendell,
2000; Smyth and Craig, 2017). The term was coined by Hays
(1996) to describe parenting style closely linked to the pressure
felt by parents, mostly women, because of their responsibility
for all childcare related tasks, children’s outcomes (intellectual,
social, emotional, and health-related), and their need to protect
the child from any harm or disease. These needs, although
very common for majority of parents, in highly individualistic
societies outturn as the less communal worldviews, and research
shows that intensive (salutogenic) parenting was an important
rationale for refusing vaccines, as salutogenic parents have higher
sense of advocacy and feel more capable of taking care for the
children without expert intervention or vaccines (Reich, 2014;
Ward et al., 2017).

On discussions about vaccinating their children, parents
emphasize the purpose and safety of vaccination rather than
the procedure itself (Salmon et al.,, 2005; Miton and Mercier,
2015). This parental decision is often accompanied by limited
knowledge (Downs et al., 2008; Zingg and Siegrist, 2012),
threatening campaigns (Ruiter et al,, 2014; Stronach, 2015),
societal norms (de Visser et al., 2011; Oraby et al,, 2014), and
official consent (Leask et al., 2011). Vaccine-hesitant parents
thus differ from non-parents in their perception regarding the
dangers of vaccines, risk of side effects, and protective benefits.
Similarly, the perceived danger of vaccines is associated with
the reluctance to vaccinate (Wilson et al., 2008), and it has
been suggested that this can play an important role in parents’
actual decision on mandatory childhood vaccination (Sporton
and Francis, 2001).

This high-stake parental position regarding vaccinations is
further complicated by the characteristics of the decision itself.
Decisions, among themselves, differ depending on whom we are
deciding for: ourselves or someone else (Zikmund-Fisher et al.,
2006). People also use different strategies when deciding about
other people compared to deciding about inanimate objects
(Goldstein and Weber, 1995). Additionally, the importance of
a decision differs according to its domain (see Meta-Decision-
Making Model; Payne et al., 1993). Especially in health-related
decisions, the importance of the decision skews decision-making
processes and related phenomena, such as proneness to risky
decisions (Wang, 1996a; Fagley and Miller, 1997; Kiihberger,
1998; Hanoch et al, 2006; Markiewicz and Weber, 2013;
Gummerum etal., 2014; Zimerman et al., 2014; Damnjanovi¢ and
Gvozdenovi¢, 2016), susceptibility to cognitive biases (McNeil
et al., 1982; Wang, 1996b; Tanner et al,, 2008) and effort of
strategies (Edwards et al., 2001; Almashat et al., 2008).

Health-related decisions also differ according to the extent
of their importance (Thompson, 2007), which affects the level
of involvement decision makers put into a decision (Solomon
et al., 2006). Different decisions range on a continuum from
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fairly routine to those that require extensive thought and
have a high level of involvement (Solomon et al., 2006).
The level of involvement in the same decision can differ
between people (Arora and McHorney, 2000). However, some
decisions (e.g., health-related decisions) are generally assumed
to be important for the great majority of people (Solomon
et al., 2006). Parental decision about a childs health is a
special and extreme case of health-related decision (Zikmund-
Fisher et al, 2006). It is also highly involving in terms of
affect and expectation (Wroe et al, 2004). There is evidence
suggesting differences, not only between parents and non-
parents (Donovan and Jalleh, 2000), but also parents with
children of different ages (Henrikson et al, 2017) regarding
intentions to vaccinate and seek information on vaccination.
Decomposing involvement and its influence on decision-making
processes can help with undermining vaccine hesitancy through
minimizing cognitive obstacles to reasoning, which stem from
high involvement.

Parental decision on child vaccination is a specific case
of health-related decision (Zikmund-Fisher et al., 2006) that
is highly involving in terms of affect and expectation (Wroe
et al., 2004). When discussing vaccination and immunization,
the emphasis is on its purposefulness, potential side effects,
and efficacy of vaccination (Salmon et al., 2005; Miton and
Mercier, 2015). When normative, but also descriptive theory
of decision-making is applied, decisions on vaccination can be
analyzed using the decision matrix in which states of nature
and alternative decisions are crossed to make cells with different
outcomes (see Table 1). It can be stipulated that, when deciding
on vaccination, people tend to place major weights on the
outcomes, that is on the subjective perception of the outcomes.
In other words, as well as some other health-related decisions,
decisions on vaccination have an inherent feature of a stronger
focus toward the outcome (Gellin et al., 2000; Freed et al., 2004,
2010; Gust et al., 2004; Miton and Mercier, 2015). To parents, the
important issue while deciding is the outcome of this decision
(e.g., well-being and health of their child) (Goldenberg, 2016).
Evaluating prior decisions based on their outcomes is a tendency
labeled as the outcome bias (Baron and Hershey, 1988). For
instance, parents might overemphasize the immediate vaccine
side effects, such as rashes or swelling, and use these side effects
as justification to avoid vaccinating their child (Callender, 2016).
In line with this, parents might judge the quality of the potential
decision to vaccinate their child based on the consequences of
this decision met previously by them or by the sources they
are in contact with. Therefore, this decision is specific due
to its explicit orientation toward the outcome (Gellin et al,
2000; Freed et al., 2004, 2010; Gust et al., 2004; Salmon et al,,
2005).

Understanding how both psychological and social factors
relate to vaccine hesitancy is important for developing effective
interventions. Therefore, the aim of the proposed research is
to detect factors associated with and affecting the decisions
of parents’ regarding vaccination. To do that, we will conduct
two separate but related studies. In study 1, socio-demographic
and psychological variables will be tested for their connection
with differences among parents when it comes to making

vaccine-related decisions for their children. In study 2, the role of
involvement in decisions regarding childhood vaccinations will
be explored in more details. Specifically, we will study whether
involvement will moderate the susceptibility to outcome bias
with an experimental design.

STUDY 1—CORRELATES OF INTENTION
TO VACCINATE

Introduction

In study 1, we aim to explore the demographic and psychological
factors that influence parents’ vaccine hesitancy. As previously
stated, vaccine hesitancy is related to a large range of attitudes,
most notably to lower rates of compliance, which lead to
drops in vaccination rates (Bloom et al., 2014). Our choice of
correlates is in line with the framework of vaccine decision factors
proposed by Gowda and Dempsey (2013), and it is important to
acknowledge their interrelatedness. Since vaccination intention
and hesitancy are multi-layered phenomena, chosen measures
are narrowed to broadly cover the three following aspects: parent-
specific factors (demographics, knowledge etc.), vaccine-specific
factors (perceived vaccine safety and efficacy etc.), and external
factors (values, norms, policies, requirements etc.).

Trust Toward Authorities

In the abundance of both affirmative and diminishing
information on vaccination, the full picture is seldom easily
available and individuals have a hard time forming their own
opinions on the topic. Thus, argumentation must rely on
evidence, which is accepted largely based on trust (Miton
and Mercier, 2015). Trust in relevant actors (such as health
professionals, pharmaceutical companies, law makers etc.) in the
debate as well as general trust in science play an important role in
vaccination decisions (Bedford, 2014; Jolley and Douglas, 2014;
Camargo and Grant, 2015). However, this can be challenging
as research repeatedly shows that some actors and science as
a whole receive a low level of public trust (Lewandowsky and
Oberauer, 2016). This can be caused due to high informational
pluralism, rendering their argumentation on the topic irrelevant
to the public.

Feelings of mistrust could also be part of a general feeling of
unease about the complexity of modern society that forces us to
rely on others to manage some parts of our lives (Hobson-West,
2007). According to Collins (2009), a general mistrust in science
and scientists has enabled a paralyzing form of skepticism and

TABLE 1 | Decision matrix: vaccination case.

STATES OF NATURE

Vaccines are  Vaccines are  Vaccines are

efficient and efficient and extremely
risk-free low-risk dangerous
To vaccinate Status quo Status quo High risk
Decisions
Not to High risk High risk Status quo
vaccinate
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scientific populism that denies the role of science and prompts
anti-vaccination decisions.

Parents who have a positive view of the government are more
likely to support vaccine policies, and perceive them as beneficial
rather than restrictive of their personal freedom (Miton and
Mercier, 2015; Highland, 2016). We expect parents who find
official pro-vaccination authorities trustworthy to be less vaccine
hesitant, show a higher intention to vaccinate, and a higher
experience of freedom in the decision.

Previous studies have found that people with higher level of
distrust toward authorities are more reluctant to rely on official
sources of information (Freed et al., 2011). For that reason, we
expect the relationship between level of trust and intention to
vaccinate to be moderated by the type of sources consulted to
make the decision. We expect level of trust toward authorities to
predict the proportion of official sources used for the decision.

Finally, some studies have found that belief in conspiracy
theories can predict distrust toward authorities (Darwin et al.,
2011; Swami et al., 2011). We expect to replicate this result in the
case of vaccine related conspiracy theories.

Perceived Consensus and Norms

Many vaccination decisions are influenced by parents’ perception
of others when making vaccination decisions (Gust et al., 2004;
Leask and MacArtney, 2008; Gowda et al., 2012; Gowda and
Dempsey, 2013). People in general tend to rely on consensus
cues, because consensus, especially combined judgment of
multiple experts, typically implies correctness (Van der Linden
and Lewandowsky, 2015; Tom, 2017). However, there is a
gap between the low level of scientific consensus perceived
by the lay-public, and the actual level of consensus regarding
the immunization and vaccination. The Gateway Belief Model
proposed by Van der Linden et al. (2015) suggests that reducing
the difference between people’s subjective perception and the
actual level of normative agreement among influential referents
can lead to small yet important changes in key personal beliefs.
Moreover, perceived scientific consensus has been identified as
a key determinant in the public’s opinion on, in some aspects
equivalent, disputable topics (van der Linden et al., 2017).
Due to high involvement aspects of vaccine-related decisions,
we assume perceived scientific consensus plays a specific role,
as it was the strongest predictor of the acceptance of the
scientific arguments in other similar social issues (Lewandowsky
et al., 2012). We expect parents who perceive stronger scientific
consensus on the topic of vaccination to show less vaccine
hesitancy and be more likely to vaccinate their children. We
will thus test the correlation of perceived consensus, and the
perception of risk with the decision on mandatory childhood
vaccination (Wilson et al.,, 2008; Rolfe-Redding et al., 2012).
We expect perceived consensus will correlate more strongly
with the intention to vaccinate than perceived vaccination risks.
Confidence in vaccines and vaccine-related decisions are also
influenced by the individual’s perception of societal norms and
collective values, as well as their metacognitive perceptions
about other groups’ (e.g., health professionals) beliefs (Kennedy
et al,, 2011; Gowda and Dempsey, 2013; van der Linden et al.,
2017). Numerous findings suggest normative information is

rated as more trustworthy, less resilient to dismissal, and more
influential than anecdotal cases (Carrico et al., 2011; Kahan
et al,, 2011; Lewandowsky et al., 2012; Rolfe-Redding et al.,
2012), hence making it more likely to influence decision-making
processes.

In situations where social norms are ambiguous, appealing
to consensus and unity of norms tends to be more effective
in persuading parents to vaccinate (Lewandowsky et al., 2012).
Based on findings by Kahan et al. (2009) and Kahan (2010),
we predict that the correlation between parents’ intention to
vaccinate (what we call adherence to the norm) and norms will be
moderated by the perception of social consensus of given norms.

Freedom of Choice, Choice Overload, and Values
Choices are usually considered on a continuum from totally
uninfluenced to the ones molded by formal and informal social
norms. While norms play an important role in vaccination
decisions (Gust et al., 2008; Brunson, 2013a,b), how we perceive
those norms and how we perceive freedom when making the
choice also influence the decision. This subjective perceived
freedom is associated with choice overload in decision making
processes (Lau et al, 2015). Decisions and decision-making
processes can be exhausting and overwhelming, hence decision
makers can find it difficult to retain all the necessary information
needed to make an informed decision. We expect parents who
experience lower levels of perceived freedom to have a higher
tendency to adhere to perceived social norms. We also expect
those individuals to be more likely to conform to authorities
and to other stakeholders (health professionals, government
etc.).

According to the cultural cognition of risk (Kahan and
Braman, 2006; Kahan et al., 2010), the evaluation of riskiness is in
line with values that we share as a culture. The operationalization
of values regarding vaccination is a challenge, therefore we
decided to use an indirect measure instead. We will measure
participants’ actively open-minded thinking style, a construct
which was found to predict the tendency to acquire information
in order to make competent decisions (Haran et al., 2013; Baron
et al,, 2015). We expect individuals who are more open-minded
to be more likely to seek information from both sides of vaccine
hesitancy spectrum (more diverse sources), be less affected by
social norms, and show less vaccine hesitancy. The diversity in
the sources of information will be rated by the proportion of
official and informal sources.

Perception of Danger
Threat perception has been widely used to encourage health-
related actions such as vaccinations, but messages that increase
risk perceptions are less effective than those increasing perceived
effectiveness (Ruiter et al., 2001, 2014). However, parents are
more likely to vaccinate or intend to vaccinate their children
if they perceive the danger of not vaccinating (e.g., perceived
vulnerability of their child contracting a certain disease) as high
(Seeman et al,, 2010; Healy and Pickering, 2011; Jolley and
Douglas, 2014; Highland, 2016).

Health-related decisions often comprise of high levels of
uncertainty and varying degrees of potential risk. Given that
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health professionals and other experts differ vastly in coping
with uncertainty and risk taking (Grol et al., 1990), it is not
surprising that parents are also under great strain when deciding.
As stated before, parents often perceive vaccinating their children
more risky than not vaccinating them, and as willingness to
take risks is associated with making obligatory medical decisions
(Grol et al., 1990), we expect to find the same connection in
parents, with those less willing to take risks to be more vaccine
hesitant.

Access to Information

Perception of threat is mediated by access to information.
Betsch et al. (2010) found that access to anti-vaccine sources
of information increases perceived risks of vaccination.
Furthermore, based on their risk perception, different parents
trust different kinds of vaccine-related messages. Risk-oriented
parents tend to favor statistical over anecdotal arguments, but
those who are health-oriented tend to prefer the latter (Downs
et al., 2008).

Moreover, knowledge has been identified as an important
factor in shaping parents’ decisions (Zingg and Siegrist, 2012).
A higher number of sources of information has been related to
a higher perceived level of knowledge in the frame of decision-
making about vaccination (Downs et al., 2008; Rachiotis et al.,
2010; Healy and Pickering, 2011; Brunson, 2013a), but the
sources of their information can sometimes be problematic.
Many parents reported seeking additional information, with
most preferring to use the internet rather than consulting a
doctor, and would use a general search engine instead of an
official or medical website (Downs et al., 2008). Some parents
were even found to reserve the decision to vaccinate until
enough information was available to them (Highland, 2016).
We expect participants who think they have enough access to
information to be more likely to score on the extreme ends
of the vaccine-hesitant spectrum (i.e., either very pro- or anti-
vaccine), and those who are more exposed to anecdotal cases
to be more vaccine hesitant. Additionally, in line with previous
studies (Rachiotis et al., 2010; Jones et al., 2012; Brunson,
2013b) we expect the type of sources consulted (Official vs.
Informal) to predict intention of vaccinate. Anecdotal cases
(especially personal experiences) are one of the key forms of
communication on the topic of vaccination, particularly among
vaccine hesitant groups. This was supported by theoretical
models such as the Cultural Attraction theory (Miton and
Mercier, 2015), or the Fuzzy-Trace theory (Reyna and Brainerd,
1992; Reyna, 2008). Even vaccine concerns endorsed by a small
but vocal group of individuals can heighten vaccine hesitancy in
the community (Gowda and Dempsey, 2013). With vaccination
being counter-intuitive in its nature (injecting antigens in an
already healthy organism to remain healthy), anecdotal cases
tap into our intuitive cognitive mechanisms, making individuals
less likely to vaccinate. We expect parents that have been
exposed to anecdotal cases of bad reactions to vaccines to
show higher levels of vaccine hesitancy. However, as mentioned
before, Risk vs. Health-orientation can moderate the effect of
exposure to anecdotal cases (Downs et al, 2008). For that
reason, we expect parents with a negative outcome focus to

be more likely to be affetcted by the exposure to anecdotal
cases.

Methods

Design, Sample, and Procedure

Participants will be parents or primary caregivers of children that
are of the recommended age to receive vaccinations from their
corresponding countries across Europe and Asia (i.e., Finland,
Germany, Hong Kong, the Netherlands, Serbia, Slovenia, and
Spain). Participants must be (a) over 18 years old, and (b) a
parent or care taker of at least one child under the age of 12 years
(Salmon et al., 2005; Jones et al., 2012).

The sample size will be a minimum of 222 participants per
country, based on a power analysis for an effect size of 0.15, and
20 predictors in a linear multiple regression model. The final
sample size will not have a difference greater than 10% between
each country. To make sure that there aren’t any significant
differences between the sample sizes of the different countries,
if the sample of any country exceeds 10% of the mean, some
participants will be randomly discarded until the criterion is met.

The questionnaire is programmed in JavaScript and will be
administered online. To take part in the study, participants will
need an electronic device with access to internet. The link with an
unbiased invitation letter will be posted on different social media
platforms, forums and websites, targeting a wide range of parents
from the entire vaccine-hesitancy spectrum. Once the link is
opened, participants will first be given a brief introduction of the
study. Participants will then read and sign an informed consent,
which states they are able to halt and withdraw from the study
at any moment without providing a reason, and that they agree
for their anonymized data to be analyzed for future publications.
Participants will be asked to compose a unique identification code
(consisting of their parents’ initials, and month of birth), which
will be used to identify their data if they decide to withdraw their
data after completing the study. After that, participants will be
asked to provide their demographic information and complete
a battery of vaccination- and decision-making-related questions,
with a total of 115 items (the complete battery is in Appendix 1).
Participants will be able to leave items unanswered. The study
will take ~25min to complete, but will vary depending on
participants’ speed of responding. This procedure was ethically
approved by the Institutional Review Board of the Faculty of
Philosophy at the University of Belgrade.

Materials and Measures

Choice of measures

Materials from online databases (PsycTESTS, DMIDI) were
selected based on psychometric quality, fitness for parental
context, translation feasibility, and the significance of usage in a
variety of international institutions. Due to the complexity of our
proposed model, and to avoid dropout due to the length of the
final battery, we have adapted certain instruments and developed
questions to assess specific constructs.

Additionally, data about each country will be gathered from
different national, international and scientific entities, such as
the percentage of vaccinated children in a country (World
Health Organization, 2017b), number of physicians per 1000
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inhabitants (World Health Organization, 2017a), health system
quality (GBD 2015 Healthcare Access and Quality Collaborators,
2017) and about the vaccination programme in each of the
countries (obtained from the corresponding governmental
communications).

For the measurement of different constructs to be
homogenous, all continuous variables will be measured
with 7-point Likert-type scales. This is because most of the
instruments used in the study originally included this type of
scale, and the number of points in Likert-type scales do not
influence its metric properties (Contractor and Fox, 2011).

Sociodemographic list

The sociodemographic data to be gathered includes participants’
country of residence, age, gender, education (based on European
Qualifications framework), marital status, number of children,
age of children, the adherence to the official vaccination schedule
of the child in the corresponding country, and if the participant
themselves adhered to said vaccination schedule (Appendix 1).
Subjective Socioeconomic Status (sSES) will rely on the level
of education, and on participant’s self-report regarding the
“difficulty of the household to make ends meet” (Eurostat, 2017).

Intention to vaccinate

We will measure parents’ willingness to vaccinate their children
by their reported intention to vaccinate when presented with the
option. To measure this, a single item will be used: “Would you at
this time vaccinate your child according to the official vaccination
schedule?” A version of this item, with an additional description:
“Regardless if you are a parent or not,” was previously used by
Stojkovic et al. (2017), who adapted it from the scales by Horne
et al. (2015) and Opel et al. (2011). Parents will answer this item
on a Likert-type scale ranging from “definitely yes” to “definitely
not”. Participants’ response to this question will be the dependent
variable for this study.

Vaccination scales

To measure the perceived risk of (not) vaccinating may cause in
children and society, we will use the vaccination scale developed
by Horne et al. (2015). It is a 5-item scale that measures people’s
general attitude toward the vaccination (i.e., “Vaccinating healthy
children helps to protect others by stopping the spread of
diseases,” “I plan to vaccinate my children”). This test has proper
psychometric features, including a high internal consistency (o =
0.84), and good predictive validity for past and future vaccination
behavior, it has not been used in Europe so far.

Furthermore, the Vaccine Conspiracy Belief scale (Shapiro
etal.,, 2016) will be added at this part. This scale contains 10 items,
which examine the belief in the conspiracy theory that different
entities try to hide the risk of vaccines. This shows the deception
rather than the general attitude people have (Shapiro et al., 2016).
An example of this item is: “The government is trying to cover up
the link between vaccines and autism.” This scale has a very high
level of internal consistency (o = 0.94) and is a good predictor of
the willingness of parents to vaccinate their children.

Vaccine hesitancy

To identify vaccine hesitant parents, we will use Opel et als.
(2011) revised version of Parent Attitudes about Childhood
Vaccines (PACV). The measure consists of 15 items, which are
divided into three sub-domain scales: Safety and efficacy (a =
0.74), General attitudes (o = 0.84) and Behavior (o = 0.74). The
measure has high internal and construct validity, and shows a
statistically significant linear association between parents’ total
score on the 15-item PACV and their child’s vaccination status
(Opel etal., 2011). To increase the consistency of type of response
along the scale and increase the sensitivity of the measure, we
transformed some of the multiple-choice items to 7-point Likert
type scales, in which each of the extremes represent the options
that were included in the original scales. Finally, the item number
15 that referred to parents’ trust toward their child’s doctor,
have been moved to the Trust Toward Authorities Scale (see
Appendix 1 for detailed description of the battery).

Perceived freedom

The Experience of Freedom Measure (Lau et al, 2015) will
be used to measure parents’ perceived freedom when making
vaccine-related decisions. Participants will rate 4-items (i.e., “I
was able to choose what I wanted”) on a Likert-type scale. The
measure has good internal consistency (o = 0.82).

Choice overload

Lau et al.’s (2015) Choice Overload scale will be used to measure
the choice overload within the context of decision-making.
Participants will be asked rate the extent to which they agree
with 3 statements (i.e., “I felt overwhelmed by the decision”) on
a Likert-type scale. This instrument shows good psychometric
properties (o = 0.73) relative to the decision on whether to
vaccinate their children.

Actively open-minded thinking

The Actively Open-Minded Thinking Beliefs (AOT) scale will be
used to measure participants’ beliefs on whether actively open-
minded thinking is a desirable personal feature. The scale was
originally developed by Stanovich and West (2007) and revised
by Haran et al. (2013). We will use the revised version due to
its shorter length (7 items) and adequacy for the general, adult
population. Participants will rate how much they agree with given
statements on a Likert type scale (i.e., “People should take into
consideration evidence that goes against their beliefs”). The scale
has been found to correlate with various measures of reflective
thinking and good performance.

Trust toward authorities scale and sources of information

To measure the perceived credibility and the trust people have
toward authorities, Jolley and Douglas’ (2014) Trust toward
Authorities scale will be used. The scale is built up out of
items from previous scales. Participants will rate to what extent
they trust corporations, national government, healthcare system,
scientists, mainstream media, alternative media, social networks
and their child’s doctor on a Likert-type scale from strongly
mistrust to strongly trust. They will also check all the sources they
have used when making a decision about vaccination.
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Availability of the relevant information

To assess whether parents believe they have enough information
to make a solid decision regarding vaccinating their children, we
will use one item from the General Health Styles survey by Gust
et al. (2005): “I have access to all the information I need to make
good decisions about immunization of my children.” Parents will
answer on a Likert scale measuring the level of agreement.

Exposure to anecdotal cases

This variable will be measured through a single item adapted
from the PACV scale by Opel et al. (2011) in a yes/no question
format (i.e., “Have you ever heard of anyone who had a bad
reaction to a shot?”).

Involvement in the vaccination decision

To measure personal involvement on the decision to vaccinate
their children, we will include an item asking participants to rate
their level of involvement. Additionally, we will ask if any other
person is involved in the decision, and how many of them have
been. For each of the additional people involved, participants will
also be asked to indicate who that person is (the other parent of
the child, another family member, a friend or any other person),
indicate the gender, and rate the level of involvement of said
person.

Perceived consensus, norms, and knowledge about
vaccination

Additional Likert-type scale items will be used to assess
participants’ perceived scientific and social consensus about
vaccination (i.e., “Is there a consensus among scientist about
the safety of the vaccines?” “Is the vaccination an issue in your
country?”), norms (i.e., “What do you think is the percentage of
vaccinated children in your country?”), and knowledge (e.g., “Is
vaccination mandatory in your country?”). The items are based
on the items used by Van der Linden (2011) in research dealing
with topics of perceived consensus and norms.

Passive risk-taking

We will measure participants’ tendency of passive risk-taking
using the Passive Risk-Taking Scale (Keinan and Bereby-Meyer,
2012). While risk mostly occurs during action, passive risk-taking
can influence potential losses due to inaction. This test contains
three subscales regarding risks that involve resources, medical
issues and ethical issues. It has 25 items in total and uses a Likert-
type rating scale in which participants will rate how likely they
will act according to the statements (i.e., “Get vaccinated for the
flu in the winter”). This scale has a high internal validity and
reliability (a = 0.82).

Elaboration of potential outcomes

The Elaboration on Potential Outcomes (EPO, Nenkov et al.,
2008) measure will be used to assess participants’ tendencies
to generate and evaluate possible positive and negative
consequences of their behavior, and measure their attitudes
toward risk-taking. The instrument consists of 13 items,
which are divided into three subscales with high internal
consistency: generation/evaluation (e.g., “I try to anticipate as
many consequences of my actions as I can”; o = 0.88), positive

outcome focus (e.g., “I keep a positive attitude that things always
turn out all right.”; o = 0.87), and negative outcome focus (“I
am often afraid that things might turn out badly”; a = 0.87). The
measure was also found to have strong factor structure, high test-
retest reliability and high predictive validity (construct of EPO is
an important determinant of self-regulation).

Translation and the Pilot Studies

Every text in the study will be presented to participants in
their own language: Traditional Chinese, Finnish, German,
Spanish, Slovenian, Serbian, and Dutch. The questionnaires are
constructed and written in English, then two separate translators
for each of the seven languages translated (e.g., English to
German) the battery. After that, back translations were compared
with the original battery. The translators are native to the
language they are translating to, and have at least a C1 level in
the Common European Framework of Reference for Languages
in said language. The process will be repeated until a third
independent translator, native in English, considers that the
original text and the back translation are equal in meaning.

The first pilot study will be conducted with the aim of testing
the questionnaire framework and interaction with participant,
and also to test psychometric characteristics of items and to
eliminate those invalid. The battery is administered online in an
English-speaking area, such as the UK, with a bigger sample that
allows enough variability in the responses to the items to explore
their functioning (i.e., 100 participants). We will assess item and
subscale reliability and validity, and perform a factorial analysis.

Once the translation is prepared, we will conduct the second
pilot study. The aim is to identify problems with items that
may have appeared through the translation process. For example,
items could be potentially ambiguous, unclear or misleading
for participants (Ziegler et al, 2015). The battery will be
administered to ~15 parents from each country and their
responses will serve to adapt the problematic items and improve
the battery.

Proposed Analysis

We will use statistical software (Matlab, R) for data analysis. We
will analyse samples from each country separately because the
differences in terms of language, legal framework in relation to
vaccines, demographical characteristics and representativeness
make the comparability between the different samples, and thus,
their conjugate analysis, difficult (Ember et al., 1998).

For each sample, a factor analysis will be conducted to
reduce the number of factors and control for interrelatedness
of the variables. Two clusters of variables will be included:
demographics (age, education level, number of children,
mean age of children), and vaccine-related decision constructs
(scores on scales on vaccination, vaccine hesitancy, perceived
freedom of the decision, choice overload, actively open-
minded thinking, trust toward authorities, availability of relevant
information, perceived scientific consensus on vaccination,
subjective estimation of percentage of children vaccinated on
the country, perceived social consensus on vaccination, risk
taking, and elaboration of potential outcomes). We expect the
factor structure of each sample to be similar. With the reduced
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number of factors, a multivariate linear regression analysis
will be conducted and the predictive power will be tested.
The aforementioned factors will serve as predictors, and the
parental intention to vaccinate (“I plan to vaccinate my child in
accordance to the official vaccination schedule of my country”)
will serve as criterion. All variables mentioned will also be
included in a multivariate analysis of variance to see if there are
differences between them depending on the level of adherence
(total adherence, not completely total adherence, no adherence at
all) to the official vaccination schedule of their children. We will
test the proposed model of mediation (Figure 1) using regression
analysis and compare it to a more complicated model with
involvement as an additional factor.

For the open-ended question in which parents will detail their
reasons for not absolutely adhering to the official vaccination
schedule in their country, we will perform a qualitative analysis.
After a pre-analysis, we will categorize answers based on the main
reasons provided (e.g., medical reasons, considering vaccination
risky etc.), and report the frequencies for each of them.

We will also check, using ANOVA, if there are differences
in dependent variable (i.e., intention to vaccinate) according
to participants’ gender, marital status, while also considering
whether vaccination is mandatory in their country of residence.

To check if the sources of information parents use to make
vaccine-related decisions affect their intention to vaccinate, we
will use ANOVA and post-hoc analysis.

Anticipated Results

The samples of this study will consist of data obtained in
eight separate countries. This presents both challenges and
possibilities. As some of the factors underlying vaccine hesitancy
are context-specific and vary across time and place (Dubé et al.,
2014), research in multiple countries is needed to understand
vaccine hesitancy more fully on a local level. By analyzing
our samples separately, we expect the study to contribute to
knowledge on locally relevant factors related to vaccine hesitancy.
However, the samples are unlikely to be representative in
their respective countries, which limits the reliability of out
conclusions on local, but not so much on the general level. Special
care will also be taken to make sure that we sample people from all
parts of the vaccine-hesitancy spectrum; the call for participants

will be posted in different interest groups online along with
general population call.

Given the sensitive nature of the topic, it is possible for
the participants who participate in the study to have stronger
convictions toward vaccines in one way or another, which might
further decrease the representativeness of the vaccine hesitancy
continuum—we want to include parents with various degrees
of their hesitancy and strength of their convictions in order
to avoid bipolarization. To decrease the effect of the topic
on the motivation to participate, all the communication (e.g.,
invites, instructions) will be neutral in terms of referencing to
potential harms and benefits of vaccination as well as any moral
judgements of the decision.

Due to the wide range of phenomena of the present study, we
hypothesize to find the following factors to reinforce the intent
to vaccinate one’s child: trust toward authorities, perceived social
and scientific consensus, availability of relevant information,
along with previously identified demographic characteristics and
open-minded thinking. At the same time, we expect to confirm
that vaccine hesitancy, perceived freedom, choice overload, the
use of informal sources and susceptibility outcome bias serve
as reinforces of delaying or omitting mandatory childhood
vaccination. All our hypothesized connections can be seen in
Figure 1.

STUDY 2—OUTCOME, NOT THE DECISION
MAKER, MAKES THE CHOICE

Introduction

In order to further explore involvement as a factor, we will
set up a second study. When people are making decisions
about important issues (i.e., vaccine-related), the involvement
in the decision and the aforementioned phenomenon of choice
overload may be exacerbated. This is because ‘the costs associated
with making the “wrong” choice, or even beliefs that “wrong”
choices do indeed exist, are much more prominent, and
substantial time and effort would be required for choosers to
make truly informed comparisons among alternatives’ (Iyengar
and Lepper, 2000). As the complexity of making choices
rises, people tend to simplify their decision-making processes
by relying on simple heuristics (Wright, 1975; Payne, 1982;
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FIGURE 1 | Proposed model of the factors of the intention to vaccinate.
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Payne et al., 1988, 1993; Timmermans, 1993). To test whether
involvement and choice overload moderate cognitive aspects of
vaccination decision-making, we will use one of the empirically
well-established cognitive biases as a litmus test, the outcome
bias.

Outcome Bias

People make and evaluate their own and other people’s decisions
every day, but different timings of these two cognitive processes
lead to differences in available information (Baron and Hershey,
1988). All possible outcomes of a decision are mutually exclusive.
In the moment of making a decision, the winning outcome
and following consequences could not have been known to the
decision maker, but these two factors are what the evaluator is
familiar with. The outcome of a decision, however, should not
be taken into account when evaluating the decision, because
this information is irrelevant to the quality of the decision. The
systematic tendency to evaluate the quality of a decision based
on the outcome is called outcome bias (Baron and Hershey,
1988). People tend to use their knowledge about the outcome
in an aforementioned, not logically justified manner (Allison
et al, 1996; Gino et al, 2010), and judge the discernment
and competence of decision makers based on it (Berg-Cross,
1975; Baron and Hershey, 1988; Lipshitz, 1989; Gino et al,
2010). However, there is no evidence on the relationship
between the outcome bias and vaccine hesitancy, or outcome
bias’ connectedness to the level of parental involvement in the
decision.

In the second study, involvement will be decomposed into
three aspects: the situation decision makers are deciding about,
decision makers’ role, or who is a protagonist (parents vs. non-
parents), and finally, low and high involvement health situations.
Because the importance of the decision is related to susceptibility
to cognitive biases, we expect that higher involvement among
parents, compared to non-parents, will lead to greater proneness
to making biased evaluations in health, but not in non-health
related dilemmas (experiment 1). In a similar manner, parents
will be more susceptible to outcome bias in both high and
low involvement situations than non-parents (experiment 2).
However, we expect that in dilemmas where the parents are the
protagonists, the outcome bias will be stronger in non-parents
(experiment 3).The results will help to understand the specific
role of parents in vaccine decisions and will also contribute to the
research about the relationship between vaccine hesitancy and
cognitive biases, which at the current state is often hypothesized
about, but lacking in papers.

Methods

Sample

The second study will be conducted in Serbia. The sample will
be comprised of parents and caregivers that participated in Study
1, and additionally an equal number of non-parents. Non-parents
will be matched with parents who participated in Study 1 in terms
of their age, gender and education. To estimate the sample size
needed for the second study, special attention was paid to the
minimization of Type II error. The analysis results of the test
strength show that detecting a statistically significant outcome

bias effect by a bivariate analysis of variance (at level p < 0.01)
of the effect size of.7, as reported by Baron and Hershey (1988),
for a sample of 20 subjects per experimental group amounts to
99.9%.

Design

This study will comprise of three experiments, by which we
aim to decompose the parental involvement in a more detailed
manner, to test if it moderates susceptibility to outcome bias
in parents. Specifically, we will test if parents differ in biased
reasoning from non-parents (experiment 1), do those two groups
differ when judging about involving decisions (experiment 2),
and finally do parents show higher understanding for other
parents’ decisions, in comparison with non-parents as judges
(experiment 3). The design of all three experiments is mixed, 2
x 2 with two groups of participants, parents and non-parents.

Experiment 1 (Parenting and biased reasoning): 2 (levels of
domain: health and non-health) x 2 (outcomes).

Experiment 2 (Parenting and involvement): 2 (levels of
involvement) x 2 (outcomes)

Experiment 3 (Parenting and solidarity): 2 (levels of
protagonists: parents and non-parents) x 2 (outcomes).

The independent variables, the domain, level of involvement
in the decision, and protagonist will have two levels: health (e.g.,
Vitamin supplementation) and non-health domain (e.g., free
time); low (e.g., should protagonist give a vitamin supplement to
a child or not), and high involvement (e.g., should protagonist
vaccinate a child or not); and who is making a decision (parent as
protagonist or non-parent as protagonist). The outcome variable
will have two levels: the positive and the negative outcome. By
crossing two levels of each binary independent variable in all
three experiments (domain, involvement, decision maker) with
the parenthood of participants (parents and non-parents), four
experimental situations will be formed: parents in, e.g., high
involvement situation, parents in low involvement situation,
non-parents in high involvement situation, non-parents in low
involvement situation (see Table2). Every situation will be
formed with both outcomes (see Table 3). Equivalent design will
be applied in all three experiments.

Each subject will participate in the procedure in two time
slots, separated by 1 week (with opposite outcomes). For each
experimental situation, a Latin square design will be used for
randomizing the order of presentation of experimental tasks
during two experimental sessions.

TABLE 2 | Experimental situations in all three experiments.

Experiment 1 Experiment 2 Experiment 3

(domain) (involvement) (protagonist)
Factor levels H nH hi Il P nP
Parents PxH P x nH P x hl Pl P xx P P x nP
Non-parents nP xH nPxnH nP xhl nP x Il nPxP nPxnP

H, health-related; nH, non health-related; hl, high involvement; Il, low involvement; R
parent; nF, non parent.
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TABLE 3 | Tasks for all three experiments.

Domain Involvement Protagonist
Factor levels H nH hi Il P nP
Positive outcome (+) H+ nH+ hl+4 I+ P+ np+
Negative outcome (—) H— nH— hl— II— P— nP—

H, health-related; nH, non health-related; hl, high involvement; Il, low involvement; P,
parent; nF, non parent.

Stimuli and the Third Pilot Study

The stimuli in this study will have the form of an evaluation
task, principally used in judging and decision-making research
paradigms. The text presented to the participant will consist of
a prolog (a description of a situation that contains a dilemma),
followed by explicitly stating which option the decision maker
(DM the protagonist of the presented situation) opted for, and
the outcome of the decision. Outcomes of DM’s decisions will
be twofold: positive and negative. Participants’ task will be to
evaluate the presented decision by rating it on a scale from —3 to
+3 [—3—the worst decision the DM could have made, +3—the
best decision the protagonist (DM) could have made].

The third pilot study was conducted in Serbia, during
December, with the aim to test items. The design was
experimental, 2 (outcome) x 2 (involvement). By crossing
factors of involvement and outcome, four categories of tasks
were formed: high involvement with positive outcome, high
involvement with negative outcome, low involvement with
positive outcome, low involvement with negative outcome.

Participants were parents with pre-schoolers, younger than
seven years old (N = 49, 73% female, mean age 34.88). Each
participant was presented with 24 pairs of tasks consisting of
a prolog, decision maker’s decision, and the outcome of the
decision in two time slots separated by two weeks. During the
second session participants were presented with the same tasks
but with outcomes opposite to those from the previous session.
Participants’ task was to evaluate the decision on a 10-point Likert
scale (1 = the worst decision the DM could have made, 10 = the
best decision the DM could have made).

Results showed that there was a statistically significant
outcome bias detected on a sample as a whole [F(;) = 283.239,
p < 0.001]. Mean evaluation of stimuli with the positive outcome
was 6.02 (S = 0.922), while the mean evaluation for stimuli with
negative outcome was 3.56 (S = 0.834). The effect size coefficients
were calculated for each pair of tasks. Cohen’s D coefficients
ranged from 0.223 to 1.604, with mean value of 0.957,

Based on these effect sizes, as well as on the analysis
of participants’ impressions about questions, a number of
convenient stimuli will be selected for the Study 2 experiment.

Procedure

After successfully completing Study 1, the participants will be
asked to take part in the experiment. The experiment will
be conducted at the Faculty of Philosophy of University in
Belgrade, in classrooms equipped with computers. The non-
parent sample will be collected separately, from the available pool
of participants from general population in database of partner

institution. Participants will, again, have a self-generated personal
code as their identification. Each subject will be provided with
an introductory explanation for the following part of the study
and given detailed instructions. Each participant will read a
prolog (the situation), the decision the protagonist made and
the outcome of the decision will be explicitly stated, and then
participants will evaluate that decision. This process will be
repeated twice. After finishing the second round, participants will
be asked to give consent to store and use the data obtained in
the current session, then they will be presented with a thank you
note along with a reminder to visit the venue again in a week.
They will also be asked to provide their e-mail address to enable
us to send them a reminder, and, if they wish, a personal result, in
comparison with both samples. After completing the task in the
following week, participants will be asked to give consent again,
presented with a thank you note, and the authors” email addresses
if they have any inquiries regarding the experiment. Debriefing
will be provided immediately, with the repeated emphasis that
the situations described in the tasks are simulations and that they
are not based on real data. The procedure was ethically approved
by the Institutional Review Board of the Faculty of Philosophy at
the University of Belgrade.

Proposed Analysis
The aim of this study is to investigate the moderating role of
involvement in susceptibility to outcome bias.

Like in study 1, different samples will be treated separately. We
will be using R and Matlab to conduct our analysis.

There is a possibility that participants might remember their
answer from the first session and adapt their answer in the
second session accordingly. To control this, we will use a two-
way ANOVA. We will test whether the order of presentation of
the stimuli, particularly whether the positive or negative outcome
presented first, has an influence on the answers obtained during
the second session.

To test our hypotheses, we will use a bivariate analysis of
variance with repeated measures. As measures of the outcome
bias, the difference between mean evaluations of decisions with
positive and negative outcomes will be used to form 2 new
variables for each of the 3 experiments. These new variables
will then be used in the analysis. We will verify the assumption
of standard distribution by conducting a Kolmogorov-Smirnov
Test. If we cannot assume standard distribution, we will use the
Wilcoxon signed rank test instead of an ANOVA. Effect sizes for
each pair of tasks will be presented as Cohen’s D.

JOINT DISCUSSION

With both studies we aim to investigate and come closer
to understanding factors which influence vaccine hesitancy
as a possible outcome of the vaccine-related decision-making
processes, while focusing on testing the role of the involvement,
as a potential underlying factor which skews this decision. Results
of Study 1 will provide further insights into factors serving as
reinforcements of the delay and omission of vaccination but also
factors serving as reinforcements of the intention to vaccinate,
as well as their interrelatedness. The results will provide insights
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into the construct of vaccine hesitancy that is currently lacking
different stakeholders combating dropping immunization rates.

Moreover, if the Study 2 yields results consistent with our
hypotheses, we will gain valuable proof that in terms of the
extent and lengths of the decision-making processes regarding
vaccination of their children, parents are indeed a special group,
different from people without children, who do not have to
face such dilemmas, and are therefore susceptible to different
cognitive obstacles to reaching a decision to vaccinate.

With such knowledge it would be possible to draft
interventions custom-made for parents aimed toward
undermining their vaccine hesitancy by establishing better
communication channels and better, more effective formation
of relevant, informative and non-patronizing messages,
addressing their personal dilemmas and fears with respect
and understanding. Parents might not be afraid of vaccine-
preventable diseases, but it seems they are afraid of vaccines
- and the burden of the immunity of our herd lies on their
shoulders.
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