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Introduction: Vaccines are the basis of health of our communities since they
prevent severe infectious diseases. However vaccination rates continue to
decrease due to the spread of misinformation about their side effects, which
enhances vaccine hesitancy and puts at risk public health. Introducing vaccines
from the One Health approach can help to develop an integral understanding
of their role and to apply critical ignorance as part of criticality to avoid vaccine
hesitancy and raise trust in science. This paper presents a design on vaccination
for secondary-education teacher training developed toward this goal.

Methods: The design presented in this paper draws from previous studies on
critical thinking, on vaccine rejection, and the One Health approach on other
health issues in Secondary Education. The focus of this design is engaging
secondary-education pre-service teachers in the practice of critical ignorance
and criticality to assess diverse pieces of information on vaccination from the
One Health approach.

Results: This study discusses the design principles and the activities of an original
design that aims to provide Secondary Education teachers with some tools to
introduce critical ignorance and criticality for addressing misinformation on
vaccines by using the One Health approach.

Discussion: If secondary science teachers are going to successfully confront
misinformation on vaccination in their science instruction, we need to
develop and test designs and approaches that prepare them for this purpose.
Critical ignorance plays a central role in managing misinformation; thus, such
instruction should engage future teachers in critical evaluation of information
on vaccination, as well as in the application of the One Health approach to take
responsible actions.

KEYWORDS

One Health, vaccines, criticality, critical ignoring, biology education, teacher training

1 Introduction

Since their discovery vaccines have contributed to save millions of lives throughout
History and allowed the eradication of devastating diseases (1, 2). Recently, the COVID-19
pandemic highlighted the relevance of vaccination. It is estimated that COVID-19 vaccines
contributed to save around 1.4 million lives in Europe between December 2020 and March
2023 (3).
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Despite the relevance of vaccines to preserve health, there is a
concerning growth of vaccine hesitancy among population (4). This
is fostered by the quick spread of fallacies and fake-news and increases
the likelihood of preventable-disease outbreaks. Education in vaccines
is an essential tool to raise awareness about the importance of
vaccination and to fight against misinformation. Understanding how
vaccines work and why they are important is a complex task that
requires considering several dimensions of the problem besides
human health. Consequently, vaccine education should integrate
approaches that allow the development of a global view of the
problem. One Health (OH) is an approach that considers the health
of humans, animals, and ecosystems as interdependent, providing a
global view of complex health issues, such as vaccination.

Assessing vaccination and managing misinformation also requires
the application of critical thinking (CT) skills, especially, critical
ignoring (CI) and criticality. CI is the ability to select the information,
and avoid low-quality information to control own’s informational
environment (5). This will help citizens not only to develop their own
opinion based on scientific evidence, and to differentiate evidence-
based information from pseudoscientific claims, but also to take
actions according to their opinion, putting CT in practice by
committing to individual and collective actions, as the concept of
criticality points out.

The literature review showed that most approaches that introduce
vaccination in health education limit to focus on human health,
without considering environmental factors that affect this issue (6).
This study seeks to make a relevant contribution on this and is in line
with current trends regarding the understanding of health as a global
issue that not only involves humans, but also the health of animals,
plants and ecosystems, a view that is coherent with the OH approach
(7). This design seeks to help teachers to promote an integral OH view
of vaccination, and to use teaching strategies for managing
information and to make responsible actions.

2 Didactical framework

2.1 Educational challenges to promote
criticality on vaccination

Even though the benefits of vaccination are widely supported by
scientific evidence, vaccine hesitancy is a current concern in our
society. Vaccine hesitancy was defined by the World Health
Organization (WHO) Strategic Advisory Group of Experts (SAGE) on
Immunization as:

“Vaccine hesitancy refers to delay in acceptance or refusal of vaccines
despite availability of vaccination services. Vaccine hesitancy is
complex and context specific varying across time, place and vaccines.
It includes factors such as complacency, convenience and confidence.”
(8) (p. 575).

Vaccine hesitancy includes people who show low or no confidence
in vaccines but may support vaccination in certain situations and/or
contexts. Anti-vaccine movements are located on one extreme of the
continuum of vaccine hesitancy. Anti-vaccine individuals deny the
efficacy of vaccines, totally rejecting their use independently on the
context and circumstances (9).
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One of the main concerns of vaccine-hesitants and anti-vaccine
individuals is the safety of vaccines (10). This lack of trust is enhanced
by the spread of fallacies with no scientific evidence (e.g., vaccines
cause autism, contain compounds that poison us, it is better the
natural immunity than the immunity generated by vaccines, mRNA
vaccines modify our genome...) (11, 12).

In the post-truth era, vaccine misconceptions and fake news are
quickly spread by social media promoting hesitancy (4, 13). This leads
to a reduction in vaccine coverage among the population increasing
the risk of preventable-disease outbreaks. Diseases that have long
ceased to be a problem (e.g., measles) are currently experiencing
outbreaks due to undervaccination in developed countries like the US
and Europe (14, 15).

This also shows the existence of a reducing level of trust in science.
The low trust in science might be enhanced by a wide range of factors,
such as complex and abstract scientific vocabulary, low ability to
manage the uncertainty inherent to the construction of scientific
knowledge, and the lack of knowledge regarding the Nature of Science.
Moreover, the spread of fake news affects how people deal with
scientific information. Science educators seek to promote trust in
science taking into consideration these challenges, as well as
misconceptions that have been already identified in the literature on
vaccination (12). This design aims to provide teachers with tools to
introduce efficient strategies for managing information to avoid
misinformation and promote trust in science.

2.2 OH education for the practice of
criticality in the context of vaccination

Raising awareness about vaccination and reducing hesitation is
one of the main goals in health education. Health education is part of
the biology curriculum in Secondary Education (12-16years old) in
our country (blinded for review). However, health problems have been
introduced as human centered SSIs, without an explicit connection
with the environment. In response to this, and according to the new
science curriculum (blinded for review) that includes the OH
approach, science educators need to promote health education from
a systemic perspective aligned with the OH approach to improve
teachers’ and students’ understanding of vaccination from an integral
view (16-18). This is the approach followed in this design.

A deep understanding of the socio-scientific dimensions of
vaccination and their potential to keep the health of a community
requires the development of the OH approach. OH claims that the
health of humans, animals, and ecosystems (including plants) are
closely interdependent (7). Introducing the OH approach to teach
vaccination will allow to comprehend the impact at different levels
derived from an individual action (refuse vaccination). Such
consequences would be difficult to identify from a human-centered
vision. Tackling health problems from the OH approach requires
coordination between different social and professional sectors,
including education. In fact, there are current initiatives to assess
vaccination from the OH approach (19) but few of them are being
developed in science and health education.

Teaching the importance of vaccines should be oriented toward
empowering students to make informed decisions and take individual
and collective actions (10). This is an essential part of health literacy
and criticality. A high development of health literacy requires the
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development of CT oriented to action, which corresponds to the
notion of criticality.

The CT is essential to deeply understand complex phenomena,
allowing the development of an independent opinion, thus
empowering students (20). As shown by Authors (blinded) (10),
promoting CT skills along with knowledge about vaccines would help
students to perform better decision-making and develop actions
according to current scientific knowledge, avoiding pseudoscientific
and non-scientific premises.

As Davies and Barnett (21) pointed out, teaching CT in higher
education involves considering at least six CT dimensions: (1) core
skills in critical argumentation (reasoning and inference making); (2)
critical judgements; (3) CT dispositions and attitudes; (4) critical
being and critical actions; (5) societal and ideology critique; (6) critical
creativity or critical openness. This work is focused on the second
dimension, since critical judgment is essential for a suitable decision-
making, and the fourth dimension as it is the most related to criticality.

The term criticality involves CT and attends to the individual
identity and the critical action dimension (21). Criticality promotion
among students requires the development of complex and global views
regarding an issue and we argue that OH could provide the integrated
view required to effectively develop criticality regarding vaccination.

Decision-making and action development require differentiating
truthful information from non-scientific ideas. For this, critical
ignorance (CI) is essential (22). CI can be defined as the conscious
decision about ignoring part of information deliberately by selecting
and filtering information to minimize the exposure to low-quality
information (5). Although CI is fundamental in the post-truth era,
most of the literature on vaccines and CT are based on knowledge and
evidence-based argumentation to encourage critical decision-making.
Despite agreeing that some extent of fundamental knowledge is
needed for CT application, it is not always possible for students to
have a highly-specific knowledge on each SSI. This is something that
Secondary Education teachers should take into consideration and that
this design addresses.

Therefore, it is necessary to provide instruction for pre-service/
in-services Secondary Education teachers about how to develop the
OH approach regarding vaccination to foster CI, and Criticality
among their students.

3 Learning environment
3.1 Learning objective

The objective of this design is to engage Secondary Education
pre-service teachers in the practice of criticality with a focus on CI to
assess information on vaccination from the OH approach. Specifically,
it is aimed to:

1. Explore how OH influences the understanding of vaccination.

2. Analyze how CI is mobilized to manage information
about vaccination.

3. Assess how OH and CI are articulated in the practice of
criticality when assessing information on vaccination.

Objective 1 can be evaluated in Modules 1, 5; objective 2 in
Modules 2, 3, 5; while objective 3 in Modules 4, 5.
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3.2 Participants

This proposal is designed to be implemented with Secondary
Education pre-service teachers with a scientific background (e.g., a
degree in Biology, Geology, Chemistry, Physics, Pharmacy ...) who
are doing a master’s degree in science education in which health
controversies are addressed as part of their training in socio-scientific
instruction. These pre-service teachers do not have previous
experience in the classroom and this training is the first contact with
science education topics and vaccination from the OH approach.

The design will be implemented within the subject “Didactic
Designs on Science Education” during the next school year 2024-
2025. Ethical considerations will be contemplated during this process
of implementation and data analysis according to current legislation.

3.3 Design principles

Most of the learning environments and designs proposed in the
literature to foster CT are mainly focused on the use of SSIs as a
context to promote critical argumentation, due to their complex and
controversial nature (23, 24). SSIs related to biology and environmental
education, such as vaccination, are considered privileged contexts to
foster CT development (25). These designs are mainly based on the
CT framework proposed by the Delphi study of Facione (26) and in
the notion of CT provided by Kuhn (27) that consider CT a dialogical
practice. According to Facione CT involves several cognitive skills,
affective dispositions and domain-specific knowledge. Facione’s
framework is frequently used as an operative tool for teachers training
in CT (28, 29).

Although we agree with the Facione (26) framework, current
citizens are exposed to large amounts of information, some of which
can constitute mis—/dis—/mal-information. Thus, teachers must
encourage the skills to manage all this information to make decisions
and take actions, even when there is low domain-specific knowledge
of a certain SSI. This leads to the need to foster CI along with CT in
science education (5, 22, 30). This design provides tools to put in
practice CI in science education (Modules 2, 3).

Osborne and Pimentel (31) propose a workflow about how
scientific claims and information should be evaluated. This
framework is used as a framework for our design (Figure 1)
(Modules 2, 3).

Our approach is focused on CI as part of CT to identify the source
of information and assess its credibility as an essential dimension of
CT in current societies. These are essential skills for improving
decision-making, and promoting criticality (Module 4).

Developing an integral vision of vaccination is a valuable tool for
criticality and vaccine promotion. We argue that OH is an approach
that allows to raise awareness about different factors that affect
vaccination and provides a better understanding of vaccine hesitancy.
This deeper understanding of the current situation offers the chance
to tackle the problem of vaccine hesitancy in a more integral way.
Moreover, it allows us to use different skills of CT more efficiently
when evaluating the problem. For instance, an OH approach will
facilitate the application of CI when assessing information regarding
vaccines. This step is essential for decision-making and taking action,
when criticality becomes essential. The OH approach is included in
Module 1.

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1408965
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Martinez-Pena et al.

10.3389/fpubh.2024.1408965

1- Is the source of
information
credible?

Reject the
source

2- Does the
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vaccines to
support its
claims?

Reject the
source
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consensus about
vaccination between
relevant scientific
experts?

R
For assessing credibility of a source,
itshould be considered...

* Does it have any conflict of interest
regardingvaccines?

*Does ithave a biased vision of
vaccines?

*Does it provide solid scientific
evidence to supportits position
regarding vaccination?

*Does it provide acknowledged
sources/references?
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When considering expertise...

* Does ithave track record regarding

vaccines?

* Does it have reputation among other

vaccine experts?

* Does it have experience or

credentials invaccination?

*Whichinstitutional context does it
have?

e —

Probe the uncertainty:

*What do the vaccine experts
agree on?

| *Is there any disagreement
regardingvaccines? What type
of disagreement?

*What is the position of the
vaccine experts?

| * What range of findings

regardingvaccines are

considered plausible?
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I Inquire about: I
I «Explanations I
| *Nature of evidence I
:[_)e‘g_re?_ofger‘tgin_ .

FIGURE 1

Reasoning workflow for decision-making during vaccine information evaluation [based on Osborne and Pimentel (31)].

* What are the risks of being
wrong?

/—————d

4 Results: an instructional design for
criticality on vaccination from the OH
approac

Our design is a 10-h training course for pre-service/in-service
Secondary Education science teachers. The instruction is organized in 5
modules (1.5h/module). It is a flexible instruction that can be adapted to
the initial level of the participants, and be scheduled according to
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participants’ availability. It seeks to provide efficient ways to introduce
OH and Criticality to promote vaccination in science lessons. Table 1
provides an overview of the design and highlights the main dimension
(OH, CI, or Criticality) addressed in each module. The OH approach
underlies the whole design, as the global perspective of the problem
provided by OH is necessary to properly put in practice CI and Criticality.

The workflow of this design was elaborated considering the main
abilities needed in different moments of information management
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TABLE 1 Overview of the course for secondary education teacher instruction “How can | promote vaccination from a systemic, critical, and active

perspective?”

Topic/dimension

Objective

Duration (min)

CIl/OH/criticality

How can we raise awareness about vaccination in science

classrooms?

Promoting an integral vision of
1 global risks of OH 90

undervaccination.

(I): Looking for evidence

How can I help students to avoid

2 1I): i
vaccine fallacies? (ID): Contrasting

information

Providing tools for 45
information management and
to avoid over-information in 45

relation to vaccines.

CI

3 How can I raise trust in vaccines?

Developing strategies to teach
about the relevance of

scientific knowledge and the CI 90
Nature of Science to increase

trust in vaccines.

4 ‘What can we do to preserve public health?

Learning how to orient
teaching toward critical action

regarding vaccination.

Criticality 90

5 Propose a new design using OH approach

Applying the learnt during the | OH
instruction to your own CI 90

classroom and context.

Criticality

that lead to decision-making and taking actions. Firstly, developing a
wide and complex understanding of the problem is desirable. This is
addressed in Module 1 where OH can be a beneficial approach to this
purpose. Afterwards, this multi-step process involves managing
information efficiently where CI plays a central role and that is tackled
in Modules 2 and 3. The previous steps would lead to decision-making
and developing actions to face the problem, when Criticality
gains prominence.

4.1 Module 1: how can we raise awareness
on vaccination?

This module includes a brainstorming and one activity to help
participants understand the role of vaccines in public health and the
consequences of low-vaccination coverage. Its main goal is to
introduce the OH approach in connection with the problem of
vaccination. Also, attention is on the way teachers can raise
awareness among the students about the social problem of low
vaccination coverage. For this, the concept of OH is introduced
and explained.

4.1.1 Activity — brainstorming

Pre-service teachers are asked to express their own opinion about
health and vaccination. This will allow us to introduce the topic and
also to identify their initial view. The following questions can be used
to guide this activity:

o What is health? How would you define it using your own
words?

« Do you think that human health can be affected by environmental
and animal factors?

« If s0, how do they affect human health?

Frontiers in Public Health

4.1.2 Activity — using the OH approach for
assessing vaccination

Teachers are asked to apply the OH approach to the problem of
undervaccination and to represent their view in a diagram. We suggest
presenting the problem of infectious diseases and undervaccination
as a global health problem by using the OH approach. This approach
puts into perspective the complexity of new infectious-disease
emergence, and the preventable-disease outbreaks. This context allows
to highlight the relevance of vaccination as a community tool to
prevent infectious diseases. A guiding question can be used to
introduce this issue.

Figure 2 is an example of how OH provides a global view about
infectious diseases and the role of vaccination. As showed in Figure 2
vaccination plays an important role in the system of interactions.
Vaccinating domestic animals and human communities can
potentially limit the risk of emergence of new infectious diseases, and
specially protects the population from severe diseases when infection
occurs. Hence, it mainly acts in the Animal-Human interactions.

Additionally, human factors (Figure 2, purple bubble) can also
be modified to increase vaccination. At this level, vaccine education
will raise awareness about the importance of a high vaccine coverage
as a community “shield” against infectious diseases.

Secondly, a group discussion will be performed. Participants are
asked to explain their OH approach to the rest of the group. All
models are discussed among the whole group to enrich the learning.
Both activities show the utility of the OH approach, and provide
participants with ways to introduce the OH in their lessons.

At the end of this module it would be expected that teachers
improve their ability to:

« Foster OH regarding vaccination among students.

o Raise awareness about the risks of low vaccination rates
among students.
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Guiding question: Is undervaccination a global problem to control
infectious diseases?

~

Envrionment-Animal

/' Human- \

Envi t L interactions:
S tobiklvekly health *Biodiversity loss.
mtera.ctu?ns. " *Homogeneous *Reduction of the
*Habitatinvasion S A 2
«Habitat ecological corryplexuty of trophic
dostiaiion conditions. chains. Y,
& - <7 A 8
*Environmental g g
pollution , ' p
N— Ay 2y
i '
One Health v

&
Infectious
diseases

*Current lifestyle
sUnsustainable

habits im : Lhealth
*lllegal hunting *Species
extintion

*Globalisation

*Low-vaccination
coverage

*Etc.

Animal-Human interactions:

1 frequency of contact with wild animals.

¢ likelihood of interspecies transmision of infectious diseases
1+ risk of emergence of new infectious diseases

FIGURE 2

Illustrative example of the relevance of vaccination to prevent the emergence of infectious diseases from the One Health approach.

« Emphasize the importance of vaccination for maintaining a good
global health status among students.

4.2 Module 2: how can vaccine fallacies
be prevented among students? (I) (I1)

After learning about the potential of OH to promote a systemic
understanding of vaccination, participants are introduced into the
second module, which is focused on promoting CI to avoid
fallacies and reduce vaccine hesitancy when looking for
information. This module consists of two sections that correspond
to the first and second steps of the methodological approach
(Figure 1).

To develop an opinion about vaccines, students should look for
information about their utility. However, some pieces of information
can be misleading, especially in the post-truth era. Thus, teachers
should provide their students with tools to manage all the information
they are exposed to, and CI plays a central role at this stage. Thus, the
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two sections of this module are focused on different steps of putting
CI during the analysis of a piece of information.

4.2.1 Part (1): looking for evidence

This section includes an activity focused on assessing how to
tackle the first question of the methodological approach: “Is the source
of information credible?”

A short overview of the process of evaluating vaccine-related
information (Figure 1) is performed as this is a useful way to teach
students how to manage vaccine over-information and misleading
information. For a better understanding of this workflow, illustrative
examples that participants must solve are provided.

4.2.1.1 Activity — looking for evidence

Different pieces of information obtained from different sources
and/or self-elaborated (i.e., news, comments on the web, videos,
scientific papers...) are provided. To answer the question “Is the
source of information credible?” guiding questions are also provided
(Figure 3).
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Watch the video entitled:
“viralvaccine paper” about
COVID-19vaccines
(availablein:

https://www.youtube.com/
watch?v=IZAso elUJLI).

Suggested video for Secondary
Education students (12-16 years
old): “Vaccine side effects- How high
isthe risk?”, elaborated by the
youtube channel Kurzgesagt—Ina
Nutshell (availablein:
https://www.youtube.com/watch?v=

ZBKVCpbNnkU ).

the following considerations:

so, provide evidence of that.

new?

Take notes of all the aspects you considerrelevant, especially related to

-Canyou identify any conflict of interestin Dr. Campbell’s explanations? If
so, justify your answer with information extracted from the video.
-Doyouidentify a biased vision of COVID-19 vaccines during the video? If

- Does his opinion/arguments relate to some vaccine fallacy and/or fake
-Does he provide any solid scientific evidence to justify his position

regarding COVID-19vaccines? Which ones?
-Does he provide acknowledge references? Which ones?

Note. This imageis used with permission of
the authors of the video. /

/

credible?

Concluding remarks
After watching and analysing the video...doyou find this source of information

FIGURE 3

Representative example of the material provided for activity 2 “Looking for evidence.” Panel 1 includes the piece of information (in this case, a YouTube
video). Panel 2 corresponds to the guiding questions used to assess the credibility of the information source. Panel 3 represents the concluding
remarks that should be extracted after analyzing the questions of panel 2. Panel 1" is an example of a piece of information adapted for developing this
activity with Secondary Education students (12—16 years old) in science lessons; screenshot image from https://www.youtube.com/
watch?v=zBkVCpbNnkU, © Kurzgesagt — In a Nutshell, used with permission.

Note that this is adapted to the level of expertise expected from
the participants (pre-service/in-service Secondary Education teachers
with a biology/nature sciences/biomedical degree, or similar).
However, guiding questions can be applied to any piece of vaccine
information and to different levels of expertise of students (Figure 3),
and so does the rest of the following activities.

At the end of this section, it would be expected teachers to
improve their ability to:

« Help students to look for evidence when evaluating a piece of
information to avoid vaccine fallacies.

Frontiers in Public Health

4.2.2 Part (ll): contrasting information

Participants will assess the second question included in the design
(Figure 1) “Does the source have the expertise in vaccines to support
its claims?” This section includes an activity focused on the expertise
of the source/author of a piece of information to accept/reject a source
as trustable.

4.2.2.1 Activity — is expertise a criterion for credibility?
Different sources of information are provided for their analysis.

Participants are required to look for additional information related to

the source/author of each piece of information. The additional
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information allows them to evaluate the level of expertise of each
source. Guiding questions will be included to guide the analysis
(Figure 4).

The pieces of information selected for this activity (Figure 4)
represent different levels of expertise and come from different
types of sources. Text A is part of the website of the European
Information Vaccination Portal. It can be seen that it is an official
institution website of the European Centre for Disease Prevention
and Control (ECDC), in partnership with the European
Commission and the European Medicines Agency (EMA). It uses
official data, and they intend to provide accessible and reliable
information about vaccines and their surveillance. Therefore, it
should be considered as a source with suitable expertise to
be considered on this matter.

Text B may appear as a well-established scientific claim made by
a professional. However, when additional information about the
author is considered, the author happens to be a non-trustable source
of information since he has a reputation of repeatedly misleading
information about different topics. In fact, the claim of text B was
proven false by a science fact-check website (32).

Text C is a comment from an anonymous user in a YouTube video.
Since there is no possibility to assess his/her expertise, it will not
be considered as a trusting source of information.

A high expertise in vaccines should be considered as a positive
indicator to accept the information of the source as reliable.
Nevertheless, this step should not be considered as the only
indicator of reliability when assessing scientific information, as it
can lead to accepting a source that is not truly evidence-based. This
indicator should be considered along with the analysis performed
in previous steps. An example of this is the case of the virologist
Luc Montagnier, who won the Nobel Prize in Physiology or
Medicine (2008) for the co-discovery of Human Immunodeficiency
Virus. Taking into consideration Luc Montagnier’s wide expertise
in infectious diseases, we could find all of his claims as reliable.
However, he is also well known for defending homeopathy, an
alternative therapy with no current scientific evidence, and for
opposing COVID-19
vaccines (33).

vaccination, especially regarding
At the end of the section it would be expected teachers to improve

their ability to:

« Provide efficient strategies to guide students in the process of
contrasting information to avoid vaccine fallacies.

4.3 Module 3: how can trust in vaccines
be raised?

This module includes an activity to assess the third question of the
design tool (Figure 1) “is there a consensus about vaccination between
relevant scientific experts?,” tackling trust in science and consensus
reached by the scientific community.

Teachers are aware that the pro-vaccination position of the
scientific community is based on a wide range of evidence. However,
vaccine hesitancy increases when the public experiences first-hand the
construction of scientific knowledge, like happened during the
development of COVID-19 vaccines. In this situation, vaccine
education plays a central role.

Frontiers in Public Health

10.3389/fpubh.2024.1408965

4.3.1 Activity — what do we currently know about
vaccines?

Teachers should try to inform about the status of scientific
knowledge construction regarding vaccination. This means that they
should make emphasis on the process of scientific knowledge
construction rather than on the results. This is vital when students are
dealing with an SSI as vaccination.

Participants are divided into small groups (3-4 participants/
group). Different pieces of information like the examples above
mentioned (Figures 3, 4) are provided. They are asked to think about
the following aspects of vaccination when dealing with vaccine-
related information:

1. Do the experts agree on the safety of vaccines?

2. Do the experts agree on the efficacy of vaccines?

3. What is the position of scientific experts regarding
vaccination?

4. Is there any disagreement in the scientific community regarding
vaccines? If it is the case, what type of disagreement?

5. What is the evidence that supports pro-vaccination claims?

6. What is the risk of being wrong when making decisions
about vaccination?

These questions will lead participants to accept the piece of
information when it agrees with the predominant position of the
scientific community, or to reject it when it is not aligned with the
scientific community position on vaccines.

At the end of the session, we would expect teachers to improve
their ability to:

« Effectively communicate the uncertainty as something inherently
associated with the construction of scientific knowledge.

o Teach that science-in-the-making involves discussing positions/
options based on evidence and that discrepancies can enrich
this process.

o Effectively transmit the idea that when the scientific community
reaches a general agreement it is supported by a well-established
set of evidence.

4.4 Module 4: what can be done to
preserve public health?

Promoting a systemic OH view of the role of vaccines (Module
1) and fostering skills related to CI when evaluating vaccine
information (Modules 2, 3) can enable the empowerment of students
during decision-making. Decision-making is essential to engaging
them in the practice of Criticality. Criticality is the focus of this
module, which includes an activity oriented toward developing
actions based on the evidence and the information analyzed in the
prior modules.

4.4.1 Activity — action!

In this activity participants should use the OH models elaborated
in 1.1/1.2 to think about the risks and benefits of a high-vaccinated
population, and a low-vaccine coverage. The vaccination OH models
will help them to solve a case in which they would act as the parent/
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Identify the source/author of each piece of information.

“When people in a population are vaccinated against an infectious disease, it
becomes much less likely to spread from person to person. [...] This helps to
protect not only those vaccinated but also, indirectly, those who are more
vulnerable to disease. Young children, the elderly, people with weak immune
systems]...]

European Centre for Disease Prevention and Control (ECDC),2024.

Link to the source: https://vaccination-info.europa.eu/en/about-
vaccines/benefits-vaccination

(Regarding excess of mortality during COVID-19 pandemic) “It seems a pity that
countries that have spent of lot of money on vaccines aren’t benefiting from lower
rates of mortality overall. It just seems a real pity that the most sophisticated
countries, the richer countries are having more excess mortality compared to the
poorer European countries”.

Dr. John Campbell (Youtube video “Sad excess deaths”, minutes 1:45-2:12).
Link to the source: https://wwwyoutube.com/watch?v=naopp KF678

“I am so leery of govemmental medical experts after the pandemic. The more |
learn about the mRNA vaccines, their inflammatory effects, excess death rates,
etc., the more my distrust in the WHO grows, not to mention the CDC. Lots of
people have lost trust in vaccines because of how the pandemic was handled. |
predict greater vaccine hesitancy with the next pandemic, even if it is a lot more
lethalthan COVID-19 was”.

User comment on the Youtube video “Disease X: how to prepare for the next
pandemic”, from the Youtube channel MedCram.

Link to the source (video and comments):
https://www.youtube.com/watch?v=gWN7DCOLlE4

T O T T T O T O O O T O T T T O T T O O T O T O T T O U T o o Mo T o T o o T ety o

its expertise. For helping with the analysis, you can use the following
guiding questions:

- Does ithavetrack record regarding vaccines?

- Does it have reputation amongothervaccine experts?

- Does it have experience or credentials in vaccination?

- Which institutional context does it have?

Concluding remarks
After analysing the source/author of each piece of information...doyou conclude

that the source/author have expertise enough to supportits claims about
vaccines?

FIGURE 4

Examples of different pieces of information provided for activity 3 “Is expertise a criterion for credibility?.” Panel 1 includes different texts, whose
author/source has a level of vaccine expertise that participants should evaluate using the guiding questions below the texts. Panel 2 corresponds to the
concluding remarks in regard to the author/source expertise after the analysis of information in panel 1.

Frontiers in Public Health 09 frontiersin.org


https://doi.org/10.3389/fpubh.2024.1408965
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Martinez-Pena et al.

family of a newborn and must decide whether or not to vaccinate their
child with the new vaccine for preventing the respiratory syncytial
virus (RSV). The case is discussed in pairs and each participant is
assigned to a pro—/anti-vaccination position. The following questions
should be answered and justified:

1. (Both) What are the reasons for (not to) vaccinate your child?

2. (Both) How would you protect your kid from RSV and other
infectious diseases?

3. (Only “anti-”) What would you do if RSV vaccination is
compulsory for accessing kindergarten education?

4. (Only “pro-”) What would you do if there is any RSV
unvaccinated child in the kindergarten?

At the end of the session, we would expect teachers to be able to:

« Encourage students to suggest individual and collective actions
to vaccinate.

« Help students to come up with OH actions, that means proposing
actions related to animal health, ecological actions, human health
regarding vaccination.

4.5 Module 5: propose a new design using
OH approach

Participants are required to put in practice their abilities to
foster Criticality and CI by using the OH approach. For this, they
are asked to design their own learning situation using the approach
proposed in this work. The output will be a table similar to Table 1.
Besides, this module is used to solve doubts and apply the learned
in the previous modules into participants’ real contexts in
science lessons.

For elaborating their own design participants can use the
following steps as a guide:

o Select an educational level, and a specific subject. This is essential
to adapt the learning situation to the target group you would like
to teach.

Select the SSI topic. The context selected for introducing the SSI
should be a relevant one to engage and motivate students during

the teaching-learning process.
« When teaching the topic in science lessons, pay attention to the
following dimensions of the SSI:
o Social relevance of the SSI (using the OH approach).
o SSI current situation (using the OH approach).
o Introduce the main misconceptions related to the
selected SSI.
o Promote trust in science.
0o Make students aware of the uncertainty inherent to
science-in-the-making.
o Use the questions included in the workflow of Figure 1 as a guide
to teach students about how to manage information regarding the
SSI through the practice of CT and CI.
Orient the SSI learning to criticality. Make students aware of their

ability to develop individual actions and to participate in
collective actions.
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« Formulate appropriate guiding questions to help students during
the assessment of all the dimensions mentioned above.

o Provide strategies and instruments for the evaluation of
the design.

At the end of the session, we would expect teachers to be able to:

o Design an original learning situation to foster vaccination from
OH using CT and CIL.

o Apply the workflow presented in the activities (Figure 1) to
design a new learning situation for the practice of criticality.

o Apply this knowledge to other complex SSIs.

This module also includes a final questionnaire (Supplementary
Figure S1) that participants should fill and that will be helpful to assess
how useful this instruction is.

4.6 Evaluation of the design

The initial brainstorming developed in Module 1 will be used as
an initial evaluation to identify the starting point of the participants.
To evaluate the initial view of the participants a rubric for the
included in the

(Supplementary Table S1).

questions brainstorming will be used

The performance of the participants during the activities will also
be considered for evaluating the utility of this design. The written
diagrams elaborated individually in Module 1 will give us information
about their understanding of OH approach in relation to vaccines; the
analysis of a piece of information in Module 2 will allow to assess if
the participants are able to apply skills related to CI ... This analysis
will allow to introduce modifications in the design to improve
its utility.

The final evaluation will be performed by analyzing the
productions elaborated in Module 5. The design of their own activities
will show an improvement in their ability to introduce criticality
paying attention to CI regarding vaccination using the OH approach,
thus
Supplementary Table S2 shows the evaluation instrument to analyze

helping them to achieve the learning objective.
participants’ design of Module 5.

The final evaluation will also include a questionnaire to know the
opinion of the participants about the utility for the instruction, shown

in Supplementary Figure S1.

5 Discussion and practical implications

To our knowledge this is an original contribution to prepare
Secondary Education teachers to address vaccination in science
instruction using OH and engaging students in the practice of criticality.

This is an original design developed based on previous research
about the practice of CT (21) and the model of OH (7) that uses as
design principles the ones provided by Osborne’s and Pimentels’ (31)
framework.

Its implementation will take place in teachers training on SSIs for
Secondary Education (12-16 years old) during the second semester of
2024-2025 as part of the master’s degree subject “Didactic Designs on
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Science Education” at the University X (blinded). We expect that data
from implementation would allow to expand the knowledge on how
to promote CT and OH view in a controversial context as vaccination,
and to check the adequacy of the design and the principles that
oriented it. Data collection during the implementation of the activities
will be oriented to this purpose, as well as to explore pre-service
teachers’ performance and their understanding of the activities. This
will be relevant to introduce improvements in our design.

Teaching strategies for information management are essential to
avoid vaccine misconceptions and to promote vaccination. Until
recent years, CT research in science education has been concerned
with promoting the development of this competence among students
through argumentation, the use of evidence, critical reading of
texts, etc.

However, the situation in science lesson has changed considerably.
The digital revolution has transformed the way we relate to each other
and inform ourselves, with social networks being the main
information source and exchange of ideas space. The spread of fake
news is neither a new phenomenon nor characteristic of the current
digital era, but the development of new technologies has facilitated its
expansion and magnified its scope. CT teaching in science lessons is
more difficult due to dis—/mis—/mal—/over-information as they
require a greater emphasis on the development of meta-reflection, and
CI. Promoting CT among students involves being able to control their
own information environment rather than involving them in the
process of assessing information in a way that does not allow them to
ignore low-quality information (5). This design seeks to equip to
teachers to adapt their lessons to the current and future challenges
where tackling SSIs require an integral understanding of the problem
and also CI to ignore fake news and pseudo-scientific statements.
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