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Abstract

Extensive research has framed vaccine hesitancy as a property of a heterogeneous group
of individuals, ranging from total acceptance to complete refusal. Nevertheless, not much
research has explored this heterogeneity, mainly focusing on central tendencies of single
belief-related items. Using data from an original survey on a sample of Italian citizens, this
paper examines this heterogeneity, exploiting individuals’ cognitive variation to map clusters
of individuals who share similar cognitive schemas on vaccine uptake. The results showed
the existence three groups, characterized by a different articulation of predictors of vaccine
hesitancy, revealing different understandings of vaccine uptake. We then analyzed within-
cluster characteristics and showed that cognitive segmentation was connected to different
levels of perceived risk, confidence, and support for vaccination. We further showed that
cognitive clustering also entailed a mean of social stratification that was correlated with indi-
viduals’ educational levels, and that the predictors of vaccine hesitancy were articulated dif-
ferently in each group. This study, adopting a recent perspective in the analysis of systems
of beliefs, moves one step further in disentangling the complexity of vaccine acceptance.
Results suggested the usefulness of including individuals’ cognitive characteristics in vac-
cine hesitancy research and in the development of interventions addressed at increasing
vaccine acceptance.

Introduction

Vaccine prophylaxis is a major public health success of the 20th century, preventing around 2
to 3 million deaths every year [1]. Although it can count on strong public support, it is not a
process without challenges. Vaccine hesitancy, the delay or refusal of vaccine prophylaxis [2],
has re-emerged as an issue, especially in places that more than others have seen vaccination’s
beneficial effects [3]. Skepticism toward vaccines is not a recent phenomenon, but a contem-
porary resurgence of the issue seems to be particularly severe, enough to be included in the
2019 13th WHO General Programmes of Work, right next to Ebola and the climate crisis [4].
This phenomenon is even more critical in the light of the COVID-19 pandemic, since vaccine
acceptance is fundamental to limit the spread of the SARS-CoV-2 virus. Unfortunately, recent
research suggests that distrust in vaccine safety and efficacy is still a major issue [5, 6].
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Vaccine acceptance is often imagined as a homogeneous debate between two oppositional
factions, pro versus against, acceptance versus refusal. However, research has shown that vac-
cine hesitancy may be based on very different reasons, attitudes, and ideas. The recognition of
this complexity also calls for greater efforts to disentangle it. Social psychology and cognitive
sociology suggest that groups of individuals can be characterized by implicit epistemic frame-
works of the same social object. In other words, not everyone organize their thinking about
the world in the same way [7], so it is possible that groups of individuals frame their under-
standing of vaccination in consistently different fashions. Prior empirical research might have
overlooked this complexity and the different lenses people used to interpret this issue. To
address this gap, following recent works from Goldberg [7], Baldassarri and Goldberg [8],
Boutyline [9], and DiMaggio et al. [10], we investigated whether different epistemologies
regarding vaccine acceptance characterize groups of individuals, and we further explored if
this segmentation also entailed a mean of social stratification and a differential propensity to
accept vaccinations.

We considered this issue in the case of Italy, a high-income country with significant levels
of vaccine skepticism, using data from an original survey implemented between September
and November 2019.

This paper contributes to our understanding of vaccine hesitancy by investigating whether
individuals” heterogeneity can be linked not only to single preferences but also to wider episte-
mologies and worldviews. This would advocate for the relevance of analyzing people’s ideas as
relational systems and the importance of exploring whether cognitive segmentation might be a
mean of social distinction. At the same time, understanding vaccine hesitancy is a fundamental
step to developing better strategies to increase vaccine acceptance. Paying more attention to
how people develop certain worldviews, and how these are structured, can support the devel-
opment of more systematic ways to help people understand the benefits of immunization.

Socio-demographic determinants of vaccine hesitancy

Vaccine acceptance is a complex issue at the intersection of individual decisions and societal
needs. Reasons behind vaccine hesitancy are still being explored, but researchers have identi-
fied an extensive set of elements empirically proven to affect vaccine uptake, including contex-
tual, organizational and individual ones [11]. The investigation of the association between
individual socio-demographic characteristics and vaccine acceptance is a central focus of vac-
cine hesitancy research [12]. In recent studies, scholars focused on several predictors, with spe-
cial attention to individuals’ socio-economic status and educational level, but with
inconsistent results [13]. Several studies showed a positive correlation between SES and immu-
nization status [14], whereas others showed a negative one [15]. Several studies found a nega-
tive association between educational level and vaccine hesitancy [16, 17], while others found
the opposite [18, 19] or that vaccine hesitancy is higher at extremes of the spectrum of both
education and income [20]. Larger-scale studies suggest that this relationship might be
strongly context-dependent, at both national and local levels [12]. In this complex empirical
scenario, studies of the Italian context are extremely limited and inconclusive [13, 19].

At the same time, a growing trend suggests that, whereas in the past vaccines were mostly
refused by lower educated people [11], today’s hesitant individuals might also be well-educated
people claiming the right to make an “informed” decision about vaccination [21]. Experience-
based health information has gained a level of legitimacy and credibility similar to evidence-
based scientific information. Dubé et al. [11] highlighted a growing trend to seek information
on user-generated websites rather than traditional evidence-based information sources. Online
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narratives are interesting, memorable, and in-demand [22], whereas information from official
sources tend to be more cryptic and easier to forget [23].

This paradigmatic change calls into play how individuals select, retrieve, and use informa-
tion to develop beliefs and attitudes on vaccine-related issues. Recent literature suggests that
beyond socio-demographic characteristics, the cornerstone issue to be investigated might be
the very process by which people develop their worldviews by deeming different information
sources as trustworthy [24]. Given that there exists no method or form of evidence guarantee-
ing the way we judge a certain evidence as convincing [24], the problem might move from
what people believe to how people construct meaning and share a similar epistemology with
other individuals.

Conceptualizing and measuring cognitive schemas

The key to this intricate problem might come from recent developments in cognitive science
and from the coordinated study of culture and cognition. Studies of the brain have determined
that external and internal inputs generate activation patterns across neurons, revealing the
brain’s representational and processing mechanisms. The reification of activation patterns
leads to the formation of cognitive schemas, abstract cognitive structures acquired through
experience and exposure to cultural contents [9]. Cognitive schemas embody our taken-for-
granted assumptions about the world under conditions of incomplete information [25]. They
allow to easily represent people’s, places’, objects’ or events’ characteristics, and to deduce how
these entities act and what to expect of them [26]. In other words, cognitive schemas represent
contextually and culturally defined “lenses” through which individuals interpret the reality sur-
rounding them [27]. These schemas are in turn used to organize, process, and retrieve experi-
ences [28]. Cognitive schemas are strongly context-dependent, and for this reason, they might
be both a part of an individual and distributed among groups of individuals. Individuals shar-
ing the same cultural milieu are more likely to share similar cognitive schemas, belonging to
what Fleck [29] called “thought communities”: groups of individuals who share the same
worldview on a specific social object. Berger and Luckmann [30] argued that culture does not
exist as an abstract entity entirely external to individuals. Rather, it is both individuated and
socially distributed. Merton’s [31] notion of “pluralistic ignorance” suggests that people act on
the basis of a shared representation of collective opinions. If belonging to a particular thought
community implies that its members mediate their experiences using similar cognitive build-
ing blocks, then it is reasonable to assume they also employ similar reasoning patterns in
understanding and responding to the realities they encounter [7]. Finally, cognitive schemas
are relational systems, where the elements are linked one another through some form of func-
tional interdependence [32]. Theories referring to relational networks suggest that the mean-
ing of symbols in a cultural system rests not in the signs themselves, but in the relationships
between them.

Applying these concepts to vaccine uptake, the heterogeneity of vaccine-hesitant individu-
als might be seen as comprising multiple groups of individuals whose mental representation of
the issue is structured similarly, based on the pattern of relationships in each cognitive schema.
If it is possible to account for this heterogeneity by showing that it is systematic and that it can
be minimized within groups and maximized between clusters of individuals, this would point
toward the existence of multiple belief systems on the issue of vaccine hesitancy.

Core determinants of vaccine acceptance

Cognitive schemas are characterized by how different elements of a certain social domain are
bounded together. Therefore, to understand if groups of individuals show systematically
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different shared understandings of vaccine acceptance, core predictors of vaccine acceptance
could be used. Research has shown that the way individuals perceive the risk of vaccine pre-
ventable diseases (VPDs) and trust vaccinations are principal components in determining vac-
cine uptake or refusal [19, 23, 33]. These elements stand at the center of several health-specific
behavioral theories which are often used to frame vaccine hesitancy (see, for example, Becker
[34] and Rogers [35]).

Nearly all theories focus on two dimensions of risk perception: the perceived severity of dis-
ease and the perceived likelihood of contagion. The severity of a disease represents the magni-
tude of an adverse event such as VPDs [34]. The likelihood of contagion is instead the
probability of being harmed by a hazard under certain behavior conditions [36]. Psychometric
tradition and cultural sociology recently pointed out that people have a more complex concep-
tion of risk that calls into play an individual’s cognitive systems [37]. Kahan [38] suggested
that on the issue of vaccine hesitancy, emotional assessments toward vaccines may trump the
calculus of objective risks and benefits. That is, people base their judgments on an activity or
technology—such as vaccines—not only on what they think about it but also on the way they
feel about it. In this interpretation, risk is an affective state, distinct from cognitive judgment.
For this reason, two additional dimensions should be considered. The first is the perceived sus-
ceptibility to disease, emphasizing an individual’s perceived vulnerability to VPDs. The second
is the perceived feeling at risk, highlighting the emotional component of risk perception [39].

From an empirical perspective, perceived risk is often associated with health-protective
behaviors and vaccine acceptance [3]. The centrality of this concept, declined in its different
components, has been underlined even during pandemic crises, such as the 2009 HIN1 swine
flu pandemic [40] or Ebola [41, 42]. The COVID-19 pandemic does not constitute an excep-
tion, and many empirical contributions recently underlined the importance of risk perceptions
and their association with vaccine acceptance [43-46].

The second fundamental component of vaccine acceptance is trust in a valid coping mecha-
nism. In vaccine hesitancy research, this is often interpreted in terms of confidence [2, 47, 48].
Confidence is a faceted construct, usually positively associated with an increase in vaccine
uptake, although there have been mixed results in the literature, mainly because of conflicting
definitions of the concept. There is, in fact, little consensus about the components of confi-
dence, and several scales have been proposed to measure it [49, 50]. Following the systematiza-
tion by Larson et al. [47], we define confidence as trust in the vaccine (the product), trust in
the vaccinator and other health professional (the provider), and trust in those who make the
decisions about vaccine provision (the policymaker).

Empirically, confidence has been multiple times associated with vaccination intentions,
although showing noteworthy contextual variability [3, 51]. As for perceived risk, the impor-
tance of the relationship between confidence and vaccine acceptance has been underlined also
in pandemic scenarios such as the HIN1 pandemic [52, 53], the 2018 Ebola outbreak [41] and
the ongoing COVID-19 pandemic [54-56].

In this paper, we aim at moving the focus of attention from what people believe to how
beliefs are organized, using predictors of vaccine acceptance to uncover whether individuals
differ qualitatively in the way they construct their representation of vaccine uptake. Second,
we investigate whether group segmentation also entails a means of social distinction or stratifi-
cation by analyzing if socio-demographic characteristics are differently associated with the
probability of belonging to each group. Finally, we analyze each group separately, to under-
stand if different shared understandings of the issue are correlated with differences in the indi-
viduals’ propensity to be vaccine-hesitant.

Therefore, three research questions drive this paper:
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Q1) Relying on measures of perceived risk and confidence, do groups of individuals show dif-
ferent shared cognitive schemas on vaccine acceptance?

Q2) Does the group partitioning of Q1 also represent a source of social distinction or
stratification?

Q3) Is there a different association between core predictors of vaccine hesitancy and the will-
ingness to vaccinate in each group?

Materials and methods
Data

Given the limited pre-pandemic availability of data on the Italian context and the specific aim
of this paper, between September and November 2019 an original online survey was adminis-
tered to 1008 Italian citizens between 20 and 64 years old who participated in an online panel
of a major Italian survey company. The survey was approved by the Institutional Review
Board of the Department of Sociology and Social Research at the University of Trento. Given
that no experimental manipulation happened during the survey, the fully anonymized nature
of responses provided by the survey company and the use of data only in aggregated form, no
formal ethics committee approval was requested by the IRB. Panelists were sent an email con-
taining a unique link to the survey. Before the beginning of the survey, participants were pro-
vided with a digital opt-in consent form that emphasized the study’s objectives, that their
contribution was completely voluntary, provided contact information of researchers responsi-
ble for the survey, and that data was fully anonymized and treated only in aggregated form.
Respondents were informed that by choosing to proceed they were giving their informed con-
sent to participate.

We used a non-probabilistic quota sampling method, stratifying participants by gender,
age, geographical location, and educational level. The number of individuals in gender, age,
class, and geographical location quotas was proportional to the 2018 Italian population sur-
veyed by the Italian National Institute of Statistics (ISTAT). Educational levels (low = less
than 9 years of education, medium = between 9 and 13 years of education, and high = over
13 years of education) were equally distributed among respondents. To account for this sam-
pling characteristic, probability weights were applied in the analysis. Quota sampling, although
far from an ideal probabilistic sampling method, was chosen with careful consideration for the
availability of research funds and research goals, primarily to map individuals’ cognitive struc-
tures. For this reason, estimates in the following analysis must be considered carefully, always
taking this liability into account.

Variables

In this section we describe the main variables used in the analysis. A complete description of
survey questions, variables, and coding can be found in S1 Table. Our main predictor variables
measured the perceived risk of VPDs and confidence in vaccination. We measured four dis-
tinct risk perception concepts: severity of VPDs, the likelihood of contagion, susceptibility to
VPDs, and feeling at risk. Questions about perceived risk were preceded by asking respondents
to imagine they would have to take care of a child, today, in Italy. In addition, the perceived
likelihood of contagion and feeling at risk were preceded by asking respondents to imagine
two hypothetical scenarios: whether the child received or did not receive all the Italian manda-
tory and recommended vaccinations. We called these conditioned questions with and without

PLOS ONE | https://doi.org/10.1371/journal.pone.0276519  October 21, 2022 5/18


https://doi.org/10.1371/journal.pone.0276519

PLOS ONE

Shared understandings of vaccine acceptance

vaccination. Additional questions investigated the perceived probability and severity of side
effects, the anticipated regret for the possible side effects of vaccination, or the development of
VPD:s following the decision not to vaccinate. Finally, confidence was measured by a question
articulated in a battery of 6 statements, isolated from a comprehensive matrix of determinants
of vaccine hesitancy developed by the Strategic Advisory Group on Experts working group
(SAGE) on vaccine hesitancy [47]. The question investigated trust in the safety and effective-
ness of vaccines (the product), trust in physicians, the scientific community, and the produc-
tion chain (the providers), and trust in official authorities (the policymakers). The 19 variables
used in the analysis can be partitioned into three issue domains: risk perception without vacci-
nation, risk perception with vaccination, and confidence. We used a 7-point Likert scale as the
answering option, recoding the limited number of “Don’t know” answers with the intermedi-
ate value (4). Previous research [39, 57] showed that, when assessing perceived risk, a 7-point
answering scale is a more consistent predictor of vaccination intentions and behavior when
compared to other answering options, and that results are consistent across genders. To main-
tain consistency throughout the questionnaire and to avoid increasing respondents’ cognitive
load, we extended the same answering option to confidence questions.

As a measure of vaccine hesitancy, we asked respondents to rate, on a scale from 0 to 10,
whether they would hesitate to administer to the hypothetical child all the Italian mandatory
and recommended vaccinations. Given the skewed distribution (M: 3.05; SD: 3.5; Mdn: 1), the
variable was dichotomized, where 0 indicated no hesitancy and 1 and above indicated
hesitancy.

Socio-demographic variables surveyed the respondents’ educational level, gender, age, and
whether respondents had children (childless, one child, more than one child), whether respon-
dents had a religious affiliation (dichotomic, yes/no), their geographic area of residence
(north-east, north-west, center, and south and islands) and rural or urban area of residence
(metropolitan area, city/urban center, rural area).

Methods

Accounting for heterogeneity in individuals’ cognitive schemas necessitates to examine the
relationships between variables and individuals simultaneously [7]. This requires a method
that compares individuals by detecting groups that vary with respect to patterns of relationship
between attitudinal variables, without making assumptions on underlying individual charac-
teristics—such as socio-demographic variables. To address this problem, we used Goldberg’s
relational class analysis (RCA) [7]. RCA is a graph partitioning method based on the assump-
tion that individuals are related to one another to the extent to which they construct meaning
in a similar way. RCA measures the degree to which each pair of respondents employed the
same cognitive schema, and uses this measure to create groups [9]. As a measure of schematic
similarity, Goldberg [7] proposed a metric he called relationality, which measures whether the
components of two vectors of the same set of variables follow a similar pattern. Intuitively, two
individuals are as schematically more alike as their response pattern is closer. Boutyline [9]
ultimately shows that relationality measures the degree of linear dependency between two
individuals’ vectors of responses. RCA computes relationality for each pair of items, for each
pair of observations in the dataset, resulting in a complete, undirected, weighted graph. The
vertices of the graph represent individual respondents, and edge weights the average relational-
ity between all couple of respondents in the dataset. Finally, individuals are divided into groups
of schematically similar respondents using a partition maximization algorithm. Belonging to
the same group does not imply having identical opinions, though. Two individuals can have
very different opinions but agree that the issue is structured in a similar way. For example, a
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democratic and a republican will probably have very different ideas, but they might agree that
the debate arena is structured in a particular way. There is a continuum with two extremes, the
democratic and republican parties, inside a democratic framework. For this reason, groups
individuated by RCA may contain individuals with different attitudes, but that recognize a
similar relation of closeness or opposition between the items making up a specific issue
domain. Each group is therefore characterized by a distinctive pattern of relationship between
opinions, suggesting that group members organize their understanding of a certain social
object in a similar way [8]. A more detailed explanation of RCA is available in S1 File. For a
complete description of the characteristics and functioning of the RCA, see Goldberg [7].

In the second part of the analysis, we used multivariate multinomial logistic regression to
model the probability of belonging to each group as a function of an individual’s socio-demo-
graphic characteristics. The aim was to understand if group segmentation also entailed a
means of social stratification.

Finally, in the third part, we used multivariate logistic regression to establish whether indi-
vidual characteristics and perceptions correlated differently with vaccine acceptance in each
group.

The first part of the analysis relied on the software R Studio and the package ‘RCA’ (2.0),
while the following analyses have been carried out using the software Stata, version 16.1.

Results
Relational class analysis: Convinced, Skeptics, and Agnostics

Applying RCA to the data resulted in a partition of respondents into seven groups. Four
groups were removed from the analysis because they contained only one participant. The
three main groups represented, respectively, 27,7 % (n = 279), 45,5 % (n = 457), and 26,6 %
(n = 268) of the sample. We labeled the three groups Convinced, Skeptics, and Agnostics,
respectively. The belief network for each group is represented in Fig 1.

Since RCA increases within-group covariances, correlation matrices are an informative way
to represent and interpret groups’ belief networks with respect to variables involved in the
analysis. Looking at correlation matrices. it is possible to deduct three different qualitative pat-
terns of association between issue domains. The Convinced group has a decoupled position
between the issue domain measuring perceived risk with vaccination on one side and risk per-
ception without vaccination and confidence on the other. We labeled this group Convinced
because they seemed to organize their representation of the vaccination issue along a line
drawn in the literature between individuals in favor versus those against vaccination. This
group contains, in fact, individuals who show lower perceived risk with vaccination and higher
confidence and risk perception without vaccination, or vice-versa. For individuals at the
extreme of this group’s continuum, we argue, vaccination can be interpreted as a protective or
endangering practice, an element that reduces or increases perceived risk. For this reason,
individuals in this group appeared to be firm in their belief about the positive or negative
effects of vaccination. In the second group, Skeptics, respondents frame their representation of
the vaccination issue as revolving around the contraposition between confidence in vaccina-
tion and the presence of side effects.

There exists, in fact, a strong negative correlation between variables assessing confidence in
vaccination and three specific variables measuring the probability and severity of side effects
and the anticipated regret for the side effects. Skeptics could be seen as a blurred version of the
Convinced group, where individuals might apply cost/benefit reasoning, driven by the per-
ceived level of the vaccine’s side effects. At the extremes of this group are individuals with
higher confidence, higher perceived risk without vaccination, and lower perceived risk for side
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Fig 1. Belief networks in each group detected by RCA. In left-side network plots, each node corresponds to one variable,
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widths are proportional to the strength of the correlation. Given the complexity of the graph, only positive correlation
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reported. Light blue squares represent positive correlations and red-shaded squares negative correlations. The correlation
coefficient is proportional to the intensity of the respective color.

https://doi.org/10.1371/journal.pone.0276519.9001
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effects, and vice-versa. Therefore, the heterogeneity between individuals seems driven by a dif-
ferent perception of collateral effects and an unclear position about vaccination effectiveness
in reducing the risk of VPDs. This is shown by the unclear pattern between the first three vari-
ables in the correlation matrix and the remaining ones.

The third group, Agnostics, has a significantly different pattern. The three issue domains
are positively correlated with each other. At the extremes of this group’s continuum are indi-
viduals with higher confidence and higher risk perception with or without vaccination, and
vice-versa. Individuals in this group appear not to recognize vaccination as a useful tool
whether they perceive VPDs as dangerous and whether they trust vaccination.

Based on core predictors of vaccine acceptance, RCA revealed three different ways individ-
uals framed their understanding of the vaccination issue, and that different cognitive schemas
were indeed shared by individuals in our sample. However, the different ways perceived risk
and confidence correlate in each group do not necessarily imply a difference in the levels of
the variables. In other words, relational networks tell us the story about the structure of cogni-
tive schemas, but they say little about the levels of each predictor in each group.

To understand if cognitive segmentation also identifies groups with different levels of per-
ceived risk and confidence, we generated three standardized indexes by averaging the respon-
dents’ opinions on the variables in each issue domain. We excluded individuals’ perceived
severity of diseases, given that the severity of disease is independent of any protective measure.
We additionally removed 20 cases presenting missing values on one sociodemographic vari-
able (urban or rural area of residence) to maintain a consistent analytical sample throughout
the following analysis. The indexes for confidence, risk perception without vaccination, and
risk perception with vaccination show a Cronbach’s alpha scale reliability coefficient of .91,
.79, and .77, and each one represented a unidimensional scale, tested through exploratory fac-
tor analysis (see S1 Fig).

Fig 2 plots the average levels of each index in each group detected by RCA.

The three groups showed significantly different levels of confidence, risk perception with-
out vaccination, and risk perception with vaccination. The Convinced group had, on average,
the highest levels of confidence in vaccination and perceived risk of VPDs without vaccination
and the lowest levels of perceived risk with vaccination. This suggests that the Convinced
group appeared to trust vaccines and the vaccination process, and they saw vaccination as a
means to reduce perceived risk. The Skeptics showed significantly lower levels on the three
indexes. Compared to the Convinced group, the Skeptics showed lower confidence in vaccina-
tion, lower perceived risk of VPDs without vaccination, and a significantly higher perceived
risk with vaccination. Given the overlapping confidence intervals for perceived risk with and
without vaccination, it appears that vaccination had little or no ability to reduce how this
group perceived risk. Complementing RCA, a likely explanation is that for this group, fear of
side effects might limit the propensity to see vaccination as an effective tool in reducing the
risk of VPDs. Finally, the Agnostic group, which already appeared to answer to a very different
logic, showed, on average, the lowest levels of confidence and perceived risk without vaccina-
tion. In this group, the perceived risk with vaccination was significantly higher than without,
suggesting that vaccination seems not to reduce risks, but instead was a factor that contributed
to defining them.

Prior research often treated vaccine hesitancy as if all individuals saw vaccination with the
same eyes. RCA, on the contrary, allowed us to appreciate three systematic differences in the
way individuals frame this issue by showing that individuals differ not only in “what” they
think but also in “how” they think, revealing different interpretative and epistemic frameworks
of the same social object. In addition, as Fig 2 points out, representational mechanisms are
tied, on average, to systematically different levels in the predictors of vaccine hesitancy. This
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Fig 2. Average indexes’ levels by RCA groups. Average levels of confidence and risk perception with and without vaccination in each group
detected by RCA. All standardized coefficients, 95% Cls.

https://doi.org/10.1371/journal.pone.0276519.9002

suggests that an individual’s cognitive schemas might also represent different levels of support
for vaccination.

Socio-demographic predictors of cognitive schemas

Do cognitive schemas embody principles of evaluation that demarcate different social groups?
If group segmentation also represents a mean of social distinction or stratification, we should
expect socio-demographic attributes to correlate with belonging to one group rather than
another. On the contrary, if cognitive segmentation cuts across socio-demographic character-
istics, no individual characteristic should be significantly associated with being assigned to a
specific group. Using multinomial logistic regression, we analyzed the extent to which socio-
demographic characteristics predicted the relative risk of belonging to each RCA group.

Fig 3 plots the results of this model for statistically significant associations.

A limited number of socio-demographic characteristics were significantly associated with
group belonging. Importantly, though, individuals with the highest educational level had a
lower relative risk ratio of belonging to the Skeptics group or the Agnostic group, compared to
the Confident group. Fig 2 showed that, on average, the three groups appeared to be in
descending order of their confidence in vaccination and its ability to reduce the perceived risk
of VPDs. So, it appears that a higher educational level is associated with a cognitive schema
where vaccination is valued more highly. Interestingly, we also found a negative association
between having more than one child and the relative risk of being in the Agnostics versus the
Convinced group. This might suggest, we argue, that for Agnostics, having had one child and
seeing no relevant side effects might have fostered a more favorable understanding of vaccina-
tions. Finally, we find a geographical gradient, where individuals living in the southern regions
of Italy were also more likely to be in the Skeptics and Agnostics group than the reference
group.

Could these results suggest that different cognitive schemas also entail a means of social dis-
tinction or stratification? On one hand, only a few socio-demographic characteristics were
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Fig 3. Multinomial logistic regression predicting the probability to belong to each RCA group as a function of individuals’ sociodemographic
characteristics. Predictor variables include: educational level, age, gender, whether respondents have children, religious affiliation, geographic area of residence
and rural or urban area of residence. Relative Risk Rations, 95% CIs, weighted coefficients.

https://doi.org/10.1371/journal.pone.0276519.9003

significantly associated with group belonging. On the other hand, it seems important to stress
that the way individuals exhibit a certain understanding of the vaccination issue is stratified by
their educational level and geographical area. This might partially explain the mixed findings
in the literature concerning the role of educational level. Although further research is needed
here, it could be the case that the association between educational level and vaccine hesitancy
might be mediated by different individual cognitive schemas and that these are distributed dif-
ferently in different contexts. Overall, it is important to note that different epistemologies
appeared to also provide a means of social stratification, highlighting the importance of educa-
tion in favoring a worldview that supports vaccine acceptance.

Predictors of vaccine hesitancy in each group

In the third part of the analysis, we explored whether cognitive segmentation entailed a differ-
ent association between predictors of vaccine hesitancy and vaccine hesitancy in each group.
Fig 4 plots the average marginal effects of three binomial logistic regressions that investigated
the association between the standardized indexes of issue domains and vaccine hesitancy, con-
trolling for individuals’ socio-demographic characteristics.

Fig 4 suggests that the association between confidence, perceived risk with and without vac-
cination, and the likelihood of being vaccine-hesitant is articulated differently in each group.
In the Confident group, higher confidence levels are associated with a lower probability of
being vaccine-hesitant.

The perceived risk of VPDs in the absence of vaccination, on the contrary, was not signifi-
cantly associated with a change in the probability of being vaccine-hesitant, whereas higher
levels of perceived risk after vaccination are positively associated with a higher likelihood of
vaccine hesitancy. The Skeptics group had a very similar scenario, but for Skeptics, higher lev-
els of perceived risk of VPDs without vaccination were associated with a lower likelihood of

PLOS ONE | https://doi.org/10.1371/journal.pone.0276519  October 21, 2022 11/18


https://doi.org/10.1371/journal.pone.0276519.g003
https://doi.org/10.1371/journal.pone.0276519

PLOS ONE

Shared understandings of vaccine acceptance

Std. Confidence

Std. RP without vaccination -

Std. RP with vaccination —

Confident | ‘ Skeptics ‘ | Agnostics
T T T

| |
|
|

|
I |
I |
I | I
I | I
I | I
I | I
I | I
I | I
- = i - |
I | I
I | I
I | I
I | I
I | I
I | I
I | I
I | I
| | |
T T T T T 1 I T T T T T 1 r T T T T T 1
-2 -1 0 1 2 3 -3 2 1 0 A 2 3 -3 -2 -1 0 1 2 3
AME AME AME

Fig 4. Multivariate binomial logistic regression models predicting the probability to be vaccine hesitant (0 = no hesitancy; 1 = hesitancy).
Models are controlled for individuals’ sociodemographic characteristics. Average Marginal Effects. All standardized coefficients. 95% Cls,
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being vaccine-hesitant. Finally, in the Agnostics group, confidence in vaccination, one of the
main constructs analyzed in vaccine hesitancy research, appeared not to be significantly associ-
ated with the probability of being vaccine-hesitant.

This result suggests that cognitive segmentation also reveals that core predictors of vaccine
acceptance are associated differently with vaccine hesitancy following individuals’ cognitive
schemas. This shows the centrality of an individual’s epistemology in evaluating the dimen-
sions of vaccine acceptance. In line with previous steps of the analysis, these findings suggest
the importance of considering an individual’s cognitive characteristics in vaccine hesitancy
research and in developing strategies to increase vaccine acceptance. If systematically different
worldviews underpin the recognition of different elements as relevant to one’s propensity to
be vaccinated, developing effective strategies to increase vaccine acceptance might require
diversifying interventions based on the articulation of elements in different subgroups of the
population.

Discussion

Vaccines are safe and effective measures to prevent infectious diseases, but reaching a suffi-
cient and stable coverage rate has proven to be more difficult than predicted. One major chal-
lenge recent research on vaccine hesitancy is facing is the recognition of the complexity and
heterogeneity of the positions of individuals and the need for relevant ways to analyze them. In
this paper, we argued that this heterogeneity might be investigated by exploring whether indi-
viduals show different epistemologies on the same social object by treating beliefs as relational
systems.

By using fine-grained measures of predictors of vaccine hesitancy and RCA, a method tai-
lored to identify shared cognitive structures [7], we identified three different groups of individ-
uals, characterized by different patterns of closeness and opposition on 19 core predictors of
vaccine acceptance.

Substantively, these results appear to be relevant from methodological, theoretical, and pub-
lic policy perspectives. Methodologically, it tests the feasibility and usefulness of studying indi-
viduals’ opinions as relational structures on a topic such as vaccine acceptance. They revealed
different patterns of association that might have gone unnoticed without such partition. In
addition, the results support the idea that beyond socio-demographic and attitudinal variables,
cognitive differences are a significant source of variance that should be considered when
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analyzing individuals’ attitudes. This also suggests the relevance of developing new strategies
to disentangle individuals’ attitudes, such as RCA. Theoretically, building on the recent bridge
between sociology and cognitive sciences, it highlights the importance, advantages (and com-
plexities) of including individuals’ cognitive characteristics in the analysis of vaccine hesitancy.
This is even more important in the light of the fact that we showed how cognitive segmenta-
tion identified groups with different levels of perceived risk of VPDs and confidence in vacci-
nation (see Fig 2). Furthermore, we argue, that they are different ways to recognize
vaccination as a means to reduce the risk of VPDs. Further research is needed in this liminal
field, where sociology can benefit from cognitive sciences, and vice versa. From a public policy
perspective, increased attention to cognitive segmentation might be another key for addressing
vaccine hesitancy. Effective communication strategies to foster vaccine acceptance should con-
sider that the ways people interact and react to public policy interventions might be condi-
tioned not only by people’s socio-demographic profiles but also by their cultural and cognitive
schemas.

In the second part of the paper, we explored whether cognitive segmentation also repre-
sented a logic of social distinction and stratification. We found that an individual’s educational
level was significantly associated with being in the Convinced group, versus the Skeptics and
Agnostics groups (see Fig 3). Therefore, it appears that the level of education is a powerful
indicator of individuals’ worldviews, where vaccination is a trustworthy tool against VPDs.
We argued in the theoretical section that there are mixed results in vaccine hesitancy research
concerning the role of educational level in predicting vaccine acceptance. This is especially the
case after recognizing that even highly educated individuals rely on information of question-
able origin or validity [21]. This analysis, on the contrary, points toward the direction where
more educated individuals are more likely to develop worldviews favorable to vaccine accep-
tance. This, of course, does not necessarily imply that the educational level is always a relevant
predictor of vaccine hesitancy. As we pointed out, vaccine acceptance is context-specific, and
given this study offers only a limited window on one European country, it is not possible to
generalize results to different contexts. Nevertheless, the more nuanced result—that education
is a significant predictor of a worldview where vaccination is more positively conceived—
underlines that an individual’s location in our societies’ structure is still a relevant factor for
vaccine acceptance. Research has often noted that vaccine acceptance is socially stratified,
where subgroups in the population are systematically less likely to accept vaccination [44, 58].
Our results point toward this direction, emphasizing that to address vaccine hesitancy it is
important to address deeper issues concerning our societies’ social stratification.

Finally, in the third part, we explored whether core predictors of vaccine acceptance were
associated differently with vaccine hesitancy in each group. We found that higher perceived
risk of VPDs with vaccination unanimously identified higher levels of vaccine skepticism.
However, we did not find a significant association between the perceived risk of VPDs without
vaccination in the Convinced groups and confidence in vaccination for the Agnostic group
(see Fig 4). This result is important because, to increase vaccine acceptance, it is of paramount
importance to identify a set of predictors on which to focus attention.

On a methodological level, this result suggests that when surveying vaccine hesitancy, con-
ditioning perceived risk of VPDs in a scenario where vaccines have already been taken might
yield hold more consistent results independently of a source of variance such as cognitive sche-
mas. Further research should be conducted to develop valid and reliable predictors of vaccine
acceptance, to make empirical results more easily comparable in and between contexts. Finally,
reconstructing belief networks might help to understand the relative importance of specific
predictors in different groups of individuals, a relevant toll in developing more tailored
interventions.
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Some limitations of this study must be considered. First, the sampling method limits the
robustness of the results, and further efforts should be invested in collecting representative
data to get a clearer analysis and cleaner estimates. For this reason, we strongly suggest avoid-
ing any causal interpretation of the results and considering this exploratory study as a first step
toward more ample investigations. Second, RCA is a relatively new method and its consistency
should be further explored. Third, as underlined by Baldassarri and Goldberg [8], mechani-
cally grouping individuals does not provide a straightforward interpretation of the underlying
psychological mechanisms that generate this division, which remains to be tested empirically.
Fourth, since data have been collected before the COVID-19 global pandemic, it is reasonable
to expect that more recent information could provide a slightly different picture. Nevertheless,
recent empirical contributions to the COVID-19 case underlined the importance of the
dimensions highlighted in this paper [43-46, 54-56] supporting its relevance even in more
recent scenarios. Finally, on the same line, the surveyed question focused on child immuniza-
tion, and although the literature seems to agree on the relevance of analyzed dimensions across
different recipients and vaccine types [23], results should be generalized with caution.

The contributions of this paper are threefold. First, it empirically tackled the problem of
individuals” heterogeneity on vaccine hesitancy, theoretically postulated but rarely addressed
empirically. We did so by a) highlighting the importance of cognitive-based differences in the
population, b) using an empirical way to address them, and c) showing how cognitive segmen-
tation might also represent a means of social distinction. Second, it highlighted the importance
of individuals’ cognitive characteristics in vaccine hesitancy research, and it advocated for a
tighter connection between neighborly disciplines. Third, it contributed to the literature on
measuring risk and trust in a health-related situation, recurring to an extensive set of measures
that, to the best knowledge of the authors, have never been surveyed together systematically.

Further research is needed in the liminal field between social and cognitive sciences, and in
developing empirical methods to analyze vaccine hesitancy further. In this paper, an exploratory
analysis showed that cognitive segmentation was indeed a relevant source of variance between
individuals. It also suggested that the ways people acquire, interpret, and use information might
be an additional key to understanding peoples’ worldviews and fostering vaccine acceptance.
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