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Abstract

Scientific literacy is crucial to address important and complex societal problems, both
current and future. Teaching using a socioscientific issues (SSI) approach is a potential
strategy to develop students’ scientific literacy, although teachers have reported concerns
about its implementation, such as the inability to add additional distinct requirements to
already demanding curricula. To facilitate this task, we describe the development of a valid
and reliable instrument for curricula analysis, called “Framework for Identifying Opportu-
nities to implement an SSI approach in science school curricula” (FIOSSI), and use it to
identify opportunities to implement the SSI approach in the elementary school science
curriculum of three European countries (England, Italy and Portugal). The framework cat-
egorizes SSI opportunities into three areas: 1) awareness of the issue; 2) socioscientific
reasoning; and 3) socioscientific identity. Our analyses of the three countries’ elementary
curricula reveal that the current versions have significant opportunities to explore aware-
ness of SSI (especially relating to environmental and human health issues), promote the
development of socioscientific reasoning, and foster socioscientific identity. FIOSSI can be
a useful tool for education research and practice, and our results can help inform future
research and guide educational policies.
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Introduction

The world is facing an increasing number of pressing challenges that require a science-based
response. To address the various social, economic and environmental challenges affecting

the world, the United Nations [1] established 17 Sustainable Development Goals (SDGs) to
achieve the 2030 Agenda for Sustainable Development. The 2023 mid-point report rang alarm
bells as it indicated that progress on most of the goals was moderately to severely off track,
and a significant number had regressed below the 2015 benchmarks [2]. A scientifically liter-
ate populace plays a pivotal role in promoting awareness, understanding and action related to
the SDGs. Therefore, it is imperative that we ensure that our students are scientifically literate
[3]. Our young students should be afforded opportunities to develop competencies that

allow for the making of informed decisions, develop innovative and effective solutions, and
actively engage with debates related to local and global problems. Educators have a prima facie
responsibility for providing quality education (SDG4) that is fundamental to develop students’
key competencies in sustainability, and empowering them with knowledge, skills and attitudes
needed to successfully address complex issues and ultimately achieve all other SDGs [4,5].

Most of today’s sustainability challenges entail complex, ill-structured, and controversial soci-
etal issues, linked to scientific ideas and principles that lack simple solutions, and are potentially
informed by concepts from multiple fields that have economic, political, and ethical implications
[6,7]. In other words, most of the sustainability challenges are Socioscientific Issues (SSI) [8].
Thus, responsible sustainable development requires science education to develop public scien-
tific literacy, allowing people to engage, as reflective citizens, in science-related issues [9,10].

Scientific literacy is described by Roberts [11] through two visions: while Vision I is limited
to science content knowledge, Vision II broadens the focus and proposes situating science in
everyday sociocultural contexts. Building from Robert’s Vision II, some authors have pro-
posed Vision III, which further extends the concept and aims to promote competencies that
allow students to reflect and discuss science within the scope of socio-political problems,
addressing social justice and ethical considerations through social activism and awareness,
and facilitating moral reasoning [12-15].

The Socioscientific Issues (SSI) educational framework is directly aligned with Vision II
and Vision III [8]. This approach is influenced by the Science, Technology and Society (STS)
tradition and is further informed by scholarship from philosophical, developmental, and
sociological traditions [7]. As a science education approach, SSI has four key elements [8]:

1) use personally relevant, controversial, and ill-structured problems that require scientific,
evidence-based reasoning to inform decisions; 2) employ the use of scientific topics with social
implications that require students to engage in dialogue, discussion, debate, and argumenta-
tion; 3) integrate implicit and/or explicit ethical components that require moral reasoning;
and, 4) emphasize the development of virtue and character as long-range pedagogical goals.

To support the design and implementation of the SSI approach, Sadler et al. [16] proposed
a model for SSI teaching and learning outlining key learning objectives such as awareness of
the issue, socioscientific reasoning, and identity development (among others, such as scien-
tific practices and the nature of science, which are not exclusive to this approach, as well as
crosscutting concepts and core ideas, which are specific to the context of the USA). Awareness
of the issue involves understanding how scientific concepts relate to the issue and recognizing
associated social problems [reviewed in [16]. Socioscientific reasoning includes understanding
the complexity of SSI, analyzing issues from multiple perspectives, identifying aspects subject
to ongoing inquiry, employing skepticism toward potentially biased information, and explor-
ing science’s contributions and limitations regarding the issue [16]. Multiple studies [17,18]
highlight the complexity of SSR and proposed the need for sustained efforts, as opposed
to short-term interventions, to effectively influence students’ SSR. Identity development
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encourages students to see themselves as capable contributors to SSI discussions, engage with
these issues both in and out of school, and develop new competencies and interests [reviewed
in [16,19,20]. However, identity develops over time [21] and can evolve through extended
engagement with meaningful issues [6]. Therefore, it is important to consider how students’
identities change through multiple SSI learning experiences over the years [16].

The SSI approach has indeed been shown to promote the development of students” under-
standing of the nature of science [22,23]; students’ reasoning [24,25] and argumentation
skills [26,27]; functional scientific literacy and character [28,29]; and moral reasoning and
sensitivity [30-34]. SSI has also been used to foster systems thinking, anticipatory, norma-
tive, strategic, and interpersonal competencies in students [35]. This highlights the potential
of this approach to foster the key competencies in sustainability, needed to empower people
with knowledge, skills and attitudes essential to successfully address complex issues, and to
ultimately achieve all SDGs [4,5].

While there are some promising studies that have shown SSI-based education to be particu-
larly relevant for elementary school students connecting science knowledge with social issues,
thereby providing a foundation for more complex reasoning and understanding of scientific
concepts [36-39], most of the research and resources in the extant literature tend to be focused
on higher education, not on elementary school levels [36-39]. Additionally, despite evidence
supporting the educational potential of exploring SSI in the classroom, teachers report lack of
confidence [37,40] and several concerns related to using this educational approach, including:
i) teaching SSI often demands the exploration of unfamiliar topics and knowledge outside
their immediate content domain (e.g., ethical/moral, political, economic, sociocultural issues)
[36,37], ii) lack of suitable teaching materials [41,42], iii) concerns about students” knowledge
and understanding ability [37], iv) time constraints in designing and implementing SSI-based
lessons [37], and v) intolerance of uncertainty [40]. Despite the model proposed by Sadler et al.
[16] for SSI teaching and learning, which aimed to assist teachers in designing and implement-
ing this approach, allocating sufficient time for in-depth exploration of SSI remains a challenge
for teachers due to the current demands of school curricula [37,41]. School curricula are a set
of official policy documents, created by the relevant ministries of education and/or other state
or local authorities [43], and represent “the expression of educational ideas in practice” (44, p.
326). For the students of a particular country/state/locality, school curricula define standards
regarding the achievement of learning goals and the development of skills and competencies.
Curricula may vary extensively in both type and structure [44]. While social mores and changes
influence curricula content and priorities, curricula in turn, can affect social change [45] as they
comprise standards that students are compelled to meet. As teachers are faced with having to
cover a wide range of topics and address a wide range of competencies, they may face pedagog-
ical pressures [46], making it challenging for teachers to allocate sufficient time for concepts or
approaches not explicitly defined in the curriculum [37,40,41]. In contrast, some authors have
argued that the SSI framework can serve as a value-added approach to not only engage students
in the activity of science but can also serve as an anchoring point to subsume and scaffold other
subject matter from multiple disciplines [47-49].

To the best of the authors” knowledge, to date, no study has investigated opportunities to
implement SSI at the elementary school level in European science school curricula. To over-
come this lack of knowledge, in this study we aimed to:

1) develop a framework to conduct curriculum content analysis related to SSI; and,

2) apply it to characterize the elementary school science curricula of three European countries
(England, Italy and Portugal) regarding the opportunities to address different dimensions
of the SSI approach.
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Based on our findings, we examine the contributions to educational research and practice, dis-
cuss their relevance to educational policy and curriculum development and their implications
for elementary teacher training and further research.

We argue that the identification of opportunities to implement SSI at the elementary school
level may help reduce the constraints felt by teachers. By clarifying and highlighting existing
opportunities, we aim to promote the integration of the SSI approach into the current curric-
ulum rather than perceiving it as an additional task. Additionally, the identification of these
opportunities may enhance the future development of educational activities and materials and
inform practitioners about the degree of alignment of European science curricula with Visions
IT and III of scientific literacy.

Methods
Sample

Diverse curriculum designs and traditions exist across Europe, varying from flexible struc-
tures in some countries to quite extensive in others, with very detailed descriptions of the con-
cepts that teachers should focus on, and of the learning goals to be achieved by students, and
in some cases, even the educational methodologies to achieve them [45]. To develop the anal-
ysis framework, we examined the official curriculum of England [50], Italy [51] and Portugal
[52] for the 2021-2022 academic year. These curricula constitute a convenience sample [53]:
the researchers on the team were from these three countries and therefore were familiar with
the respective curricular documents and were interested in their analysis [53]. We focused

on the analysis of elementary school science curricula, which share common features, such as
the inclusion of learning objectives and suggestions for teaching strategies, yet show wide vari-
ation in terms of organization (see Table 1) and flexibility provided to teachers and disciplines.
Besides the learning goals that the students are expected to achieve, these documents also
provide guidelines for educational approaches to be implemented by the teachers. According
to the national regulations in Italy and Portugal, textbooks need to comply with the objectives,
contents, and guidelines in the official curriculum [Italy: [54]; Portugal: [55,56]. In England,
there is no specific legislation requiring textbooks to meet curriculum standards; however,
publishers typically ensure alignment to support schools in meeting these requirements. The
sections of the curriculum for each country used to develop the analysis were as follows:

1) English school curriculum (EN): This curriculum is organized in key stages and further
divided by school grades, including statutory requirements and optional suggestions [57].
The English elementary school system encompasses grades 1 to 6, and compulsory educa-
tion begins at the age of 5, spanning a total of 13 years. We analyzed the science subject of
the elementary school curriculum from grades 1 to 6 (from 5 to 10 years old). The docu-
ment that specifies learning goals up to grade 6 has 37 pages.

2) Italian school curriculum (IT): This curriculum has a two-stage (age span) basis. The
Italian elementary school system covers grades 1 to 5 (from 6 to 10 years old), the learning
objectives being presented as: objectives that students should acquire by the end of grade 3
(first stage) and by the end of grade 5 (second stage) [51]. This two-stage curriculum struc-
ture allows schools and teachers to organize the teaching of the prescribed topics across
the various grades included within each stage. Compulsory education starts at the age of 6,
extending for a total of 10 years. We analyzed the science subject of the elementary school
curriculum up to grade 5. Grade 6 was not included in this analysis because it is part of the
next education stage, which is treated as a single block in the curriculum documents (lower
secondary school, grades 6 to 8). The document that guides the learning goals up to grade 5
has 4 pages.
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Table 1. Overview of the structure of each curriculum.
England [50] Italy [51] Portugal [52]

Overall curriculum Introduction (general aims) General aims for grades
Targets for the development of competen- | 1 to 4 (6 to 9 years old)
cies at the end of elementary school

General aims

Key stage 1 (learning goals for grades 1 and | Learning goals for grades 1 to 3 (6 to 8 Grade 1 (6 years old)
2 - 5to 6 years old) years old)

Grade 1 (5 years old)

Grade 2 (6 years old) Grade 2 (7 years old)
Lower key stage 2 (learning goals for grades 3 Grade 3 (8 years old)

and 4 - 7 to 8 years old)

Grade 3 (7 years old)

Grade 4 (8 years old) Learning goals for grades 4 to 5 (9 to 10 Grade 4 (9 years old)
Upper key stage 2 (learning goals for grades 5 | Years old) General aims for grades
and 6 - 9 to 10 years old) 5t0 6 (10 to 11 years old)
Grade 5 (9 years old) Grade 5 (10 years old)
Grade 6 (10 years old) Grade 6 (11 years old)

https://doi.org/10.1371/journal.pone.0308901.1001

3) Portuguese school curriculum (PT): This curriculum prescribes essential learning goals
on a per-grade basis at the national level, while providing curricular autonomy to teachers
and school clusters, to explore interdisciplinary articulations, and local components of the
curriculum [58]. Basic education is divided into three cycles: the first cycle encompasses 4
years (grades 1-4), the second cycle covers 2 years (grades 5-6), and the third cycle spans 3
years (grades 7-9). Compulsory education in Portugal starts at the age of 6 and lasts for 12
years. We analyzed the curriculum up to grade 6 (11 years old). From grade 1 to 4 (from 6
to 9 years old), we analyzed the curriculum for the subject “Study of the Environment” that
encompasses Biology, Physics, Geography, Geology, History, Chemistry, and Technology.
For grades 5 to 6 we analyzed the curriculum of the subject “Natural Sciences”. The docu-
ments that guide the learning goals up to grade 6 sum 64 pages.

While there may be relevant SSI-related learning goals in subjects like History or Tech-
nology, our analysis focused solely on goals taught within subjects in the field of natural
sciences. Although it is not the aim of this study to compare the curricula of the three
countries, but rather to highlight the opportunities for addressing socioscientific issues
within each curriculum individually, we focused both on comparable grade ranges, in terms
of years of schooling and students’ age, and teacher training. In England, Italy and Portugal,
the training requirements for elementary school teachers differ from those for teachers at
higher educational levels. In England, a specific degree in elementary education, such as a
Bachelor of Education (BEd) or a Postgraduate Certificate in Education (PGCE) focused

on elementary education, is required to teach all subjects in elementary school (grades 1-6)
[59]. In Italy, a specific master’s degree in elementary education (Sciences for teaching in
elementary education) is required to teach all subjects in elementary school (grades 1-5)
[60,61]. In Portugal, a specific master’s degree in Basic Education is required to teach all
subjects in grades 1-4 and to teach subjects such as Science and Mathematics or History and
Portuguese in grades 5-6 [62].

Content analysis

Units of analysis. We applied a content analysis [63] to the three school curricula. The
“meaning unit” as the unit of analysis, refers to a collection of words or statements that pertain
to a common thread or central meaning [64]. In this study, these meaning units consisted
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of curriculum learning goals or their relevant segments that aligned with a specific category,
subcategory or sub-subcategory of the analysis framework.

Coders’ profiles and expertise. The coders of this research are the authors of this paper
and possess diverse professional and educational backgrounds (junior and senior researchers
in science education, as well as science teachers), as needed to ensure the reliability of the
analysis [63]. To enhance reliability of data analysis, each curriculum was analyzed by
a minimum of two coders who were fluent in the appropriate language, independently
examined the documents and identified and coded any SSI-related goals mentioned in those
documents [63]. The coders were involved in the development of the framework of analysis
and afterwards in the final step of identification and coding of the units of analysis.

Framework development

To develop FIOSSI, we identified learning objectives that can be explored under the SSI
framework, and competencies that can be fostered under this approach. From the learning
objectives referred by Sadler et al. [16], we decided to further include in our instrument of
analysis the learning objectives awareness of the issue, socioscientific reasoning and socio-
scientific identity, and to convert them into categories of analysis. The remaining objec-
tives were not included in the present analysis as these were not specific features of the SSI
approach (as it happens with scientific practices and nature of science) nor were they specific
to the USA guiding documents and context (as it is the case of the crosscutting concepts and
core ideas).

We started by searching for scientific studies that identified these aspects. To the authors’
knowledge, only one study [65] has looked for opportunities to explore SSI in European sci-
ence curricula in the early years of education, namely the Portuguese curriculum from grades
1 to 6. However, this study only examined learning goals that potentially could be used as
examples of focal SSI, and not the other learning goals explored in the model for SSI teaching
and learning proposed by Sadler et al. [16]. This highlights the importance of further develop-
ing this framework to include other SSI specific aspects.

The development of the subcategories in each category of analysis was conducted in two
phases. A concise overview of the different phases involved in the development of the frame-
work can be seen in Fig 1.

Phase I: Setting and refining the subcategories within each category. The subcategories
of the category awareness of the issue were derived through a combined deductive-inductive
approach. We adapted the framework proposed by Pessoa et al. [65] as subcategories and
further extended these with subcategories that emerged from an initial analysis of the
curricula. The categories socioscientific reasoning and socioscientific identity were defined
based on Sadler et al. [16]. For socioscientific reasoning, a set of subcategories were defined
based on the dimensions of this learning goal described by the same authors. We applied
the initial set of categories and subcategories to a diversified sample of the curricula from
England, Italy and Portugal. At this stage, we included in the analysis one grade/phase per
country (ranging from grades 1 to 6). For the category awareness of the issue we further
extended the analysis to the higher grades of school education (one grade per country, ranging
from the 8th to the 11th grade) and other school subjects (Art and design, Computing, Design
and technology, English, Geography, History, Mathematics, Music, Physical education,
Technology), to find more specific and well-defined SSI, since in the lower grades, these
are mostly mentioned in a very general way (e.g., “Know how to ask questions about local
environmental problems, particularly those related to water, energy, waste, air, and soil,
and how to propose solutions” in the Portuguese curriculum, grade 2). In total, seven
researchers independently performed this analysis: 2 for Portuguese curriculum, 2 for English
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Finding issues that can be explored under
an SSI approach

Finding other learning objectives and
competences that can be developed under
an SSI approach

Adaptation of the categories and
subcategories defined by Pessoa et al.
(2021)

Adaptation of the model for SSI teaching
and learning proposed by Sadler et al.
(2017)

Pilot test in the curriculum of England, Italy and Portugal

Categories and subcategories applied to
one school grade per country (ranging
from grades 1 to 6)

Plenary discussion and reformulation of categories and subcategories

Development of the socioscientific
reasoning and socioscientific identity
categories

| |
L
7]
o
=
= : : ’
Categories and subcategories applied to
two school grades per country (ranging
from grades | to 11)
Development of the awareness of the issue
category
—
e
]
7]
<
=
(=W

Development of pre-FIOSSI

Test of pre-FIOSSI and reliability assessement on 3 curricula (EN, IT, PT)

Local coordinators organised meetings with local teams aimed at consensus on the coding

Two coders organised meetings with the local teams for peer debriefing

Development of supplementary guidelines and finalisation of FIOSSI

Fig 1. Description of the development process of FIOSSI (Framework for Identifying Opportunities to implement the

SSI approach in science school curricula).

https://doi.org/10.1371/journal.pone.0308901.9001
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Phase I

curriculum and 3 for Italian curriculum. Researchers were asked to record each occurrence

as a distinct data point. Researchers of the Italian and Portuguese curricula provided the
English translation of learning goals for the international team to compare classifications

and themes and ensure uniformity in interpretation [63]. The “local coordinator” in each
country compiled the results of all the local coders and arranged meetings with them to review
their findings and identify cases of disagreement or ambiguity. The cases found within each
country’s curricula were discussed and compared with those obtained by the researchers from
other countries (see Fig 2 for an overview of the steps in the collaborative curriculum analysis
and framework refinement process). This discussion with the entire team allowed us to
identify new emergent subcategories and sub-subcategories (for awareness of the issue) and to
revise its operational definitions (for all three categories).

Phase II: Final development of FIOSSI and final analyses. The framework resulting
from the previous phase - pre-FIOSSI - was used to conduct the final analysis of the three
science curricula. Code numbers were assigned to each subcategory, and sub-subcategory,
in order to facilitate analysis. To conduct this analysis, coders independently applied
FIOSSI to the school curriculum of each country. Again, coders recorded each occurrence
as a distinct data point, and for the Italian and Portuguese curricula, coders provided
English translations of learning goals. The percentage of agreement between the coders of
each country was used as a measure of interrater reliability [66]. Two local coordinators
compiled all the data and organized meetings with local teams to review their findings and
identify cases of disagreement or ambiguity. These cases were discussed by the entire coding
team (with the coders from the three countries; see Fig 2 for an overview of the steps in the

Phase I1

[ ] [ )
i Pt
N = =
[ ] [ ]
[ [}
[ ] [ ]
AR an
A s
[ ] [ )
AR ==
[ ] ©
o] DS AR D
i
[ ] [ ]
an an
Independent Local team Global team Independent Local team Local team Global team
analysis of meetings meeting analysis of meetings meetings with meeting
curricula curricula external
coders
Pilot test pre-FIOSSI FIOSSI

Fig 2. Steps in collaborative curriculum analysis and framework refinement.

https://doi.org/10.1371/journal.pone.0308901.9g002
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collaborative curriculum analysis and framework refinement process). These meetings were
used for peer debriefing to facilitate discussion of possible questions in the interpretation
of learning goals, assignment of learning goals to categories and subcategories, to introduce
some changes to the descriptions of categories, subcategories or sub-subcategories with
lower reliability in order to resolve possible ambiguities and ensure consistency in the
application of FIOSSI, and to resolve any remaining questions found by local teams to
further ensure consistency of the final data across countries [63]. All coders presented their
viewpoints, and the solutions incorporated everyone’s perspectives. If a consensus was not
reached, the learning unit was removed from the final analysis. These disagreements and
discussions resulted in revisions of the analysis tool until a final version - the Framework
for Identifying Opportunities to implement the SSI approach in science school curricula
(FIOSSI) - was obtained (see S1 Table for the initial framework version and S2 Table for the
final version).

To ensure the validity of the framework, we followed the recommendations of Cohen et al.
[53]: i) we carried out an extensive literature review (construct validity); ii) we involved multi-
ple researchers in its application and created moments of peer debriefing in the analysis of the
curricula (internal validity); iii) we kept the subcategories and sub-subcategories not identified
in the analysis of the curricula but identified in the literature review (content validity), as they
may be useful in future studies.

As a result of the various phases of the analysis framework development, four general heu-
ristics were derived regarding the application and formulation of FIOSSI:

1) general phrases, such as introductory statements or overarching goals, were incorporated
into the analysis;

2) goals aimed at teacher development were excluded from the analysis;

3) where applicable, a.0 subcategory or sub-subcategory (see Fig 3) was created to enable the
classification of learning objectives that are linked to the issue but which were not possible
to associate with a specific subcategory or sub-subcategory;

4) specific notes for particular categories, subcategories and sub-subcategories of FIOSSI were
created to clarify doubts during the coding process.

Results
Framework of analysis

This study aimed to develop a valid and reliable framework for teachers and researchers to
identify opportunities to implement the SSI approach. The final version of the FIOSSI is
depicted in Fig 3 (see S2 Table for a further presentation of the guidelines and examples for
each category and subcategory). This framework comprises three categories: awareness of
the issue, socioscientific reasoning and socioscientific identity. The first category is divided
into five subcategories [1] technology issues, 2) human health issues, 3) environmental
issues, 4) exobiology issues, and social conflicts and 5) biases based on human diversity
issues) and were further divided into a total of 29 sub-subcategories. The second category
is divided into six subcategories [1] socioscientific reasoning in general, 2) account for the
inherent complexity of SSI, 3) analyze issues from multiple perspectives, 4) identify aspects
of issues that are subject to ongoing inquiry, 5) employ skepticism in analysis of potentially
biased information, and 6) explore how science can contribute to the issues and understand
the limitations of science in issue resolution). The category socioscientific identity has no
subcategories.
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1. Awareness of the issue

1.1 Technology issues

1.1.0 Technology issues in general
1.1.1 Medicine
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1.1.4 Genetics
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1.1.7 Information and
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1.2.0 Human health issues in
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1.2.1 Diseases

1.2.2 Food

1.2.3 Access to resources
1.2.4 Use of medicines

1.2.5 Human diversity

1.2.6 Non-nutrient substances
intake

1.3 Environmental issues

1.3.0 Environmental issues in
general

1.3.1 Energy

1.3.2 Pollution

(1.3.2.1 waste- related, 1.3.2.2
atmospheric, 1.3.2.3 water, 1.3.2.4 soil)
1.3.3 Consumerism

1.3.4 Biodiversity

1.3.5 Territory management

1.4 Exobiology issues

1.5 Social conflicts and

biases based on human
diversity issues

1.5.0 Social conflicts and biases
based on human diversity issues
in general

1.5.1 Biological diversity

1.5.2 Socio-cultural diversity

2. Socioscientific reasoning

2.4 Employ scepticism in

2.5 Explore how science
can contribute to the issues

— and understand the
limitations of science in
issue resolution

3. Socioscientific Identity

Fig 3. Schematic representation of FIOSSI (Framework for Identifying Opportunities to implement the SSI approach in science
school curricula) structure.

https://doi.org/10.1371/journal.pone.0308901.g003
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Fig 4. Relative frequency of learning goals classified into each FIOSSI category in the English (EN), Italian (IT) and Portuguese (PT) curricula. Data
labels indicate absolute frequencies.

https://doi.org/10.1371/journal.pone.0308901.9004

Modifications were also made to the initial three categories, namely as follows.
1) Awareness of the issue:

a) the subcategory biotechnology issues retrieved from Pessoa et al. [65] was changed
to become more overarching and referred to as technology issues; due to this change,
the sub-subcategory animal experiments emerged; as a result of the analysis of the
curricula, the sub-subcategory information and communications technology (ICT)
was added;

b) the subcategory health issues retrieved from Pessoa et al. [65] was renamed as human
health issues to make it more accurate and, as a result of the analysis of the curric-

ula, the sub-subcategories human diversity and non-nutrient substances intake were
added;

c) the sub-subcategory pollution, due to analysis of the curricula, was further divided into
waste-related, atmospheric, water and soil, and the sub-subcategories territory manage-
ment and environmental citizenship were added;

d) the subcategory social conflicts and biases based on human diversity issues emerged from
the analysis of the curricula.

2) Socioscientific reasoning:

a) the previous definition of this subcategory how science can contribute to the issues and
the limitations of science initially retrieved from Sadler et al. (16, p. 80), was changed as
explore how science can contribute to the issues and understand the limitations of science
in issue resolution to clarify its meaning and to ensure linguistic concordance with the
other subcategories of the same category.

3) Socioscientific identity:

a) the previous definition of the category identity from Sadler et al. [16] was reformulated
to avoid the over-coding that occurred during the analysis in phase I; given the nature of
its first guideline, ‘position themselves with new competencies, interests, and ideas about
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Fig 5. Relative frequency of learning goals classified into each awareness of the issue subcategory in English (EN), Italian (IT) and Portuguese (PT)
curricula. Data labels indicate absolute frequencies.

https://doi.org/10.1371/journal.pone.0308901.9g005

themselves that enable new patterns of participation and discourse’ (16, p. 84), numerous
learning objectives were being coded as identity since school curricula are expected to
contribute to the development of new competencies in students; for example, learning
goals such as EN - “The national curriculum provides pupils with an introduction to
the essential knowledge that they need to be educated citizens; It introduces pupils

to the best that has been thought and said”; IT - “The student is aware of the structure
and development of her/his own body, in its various organs and systems, recognizes and
describes their functioning, using intuitive models and takes care of her/his health”; and
PT - “Acquire knowledge of oneself, developing attitudes of self-esteem and self-
confidence”; since the aim of our framework is to identify opportunities to implement
SSI, the name of this category was changed to socioscientific identity, and we reformu-
lated its first guideline to develop the predisposition to approach SSI using socioscientific
reasoning skills; these changes aimed to highlight that, with FIOSSI, we specifically code
as identity development that is expected to occur during an SSI exploration.

Interrater reliability, estimated at the beginning of phase II, was higher than 70% in all coun-
tries (EN - 0.84, IT - 0.74, PT - 0.71). This represents a threshold above which the methodol-
ogy is considered to retrieve reliable data [67].

Distribution of opportunities by school years

The learning goals considered to be aligned with any of the categories of FIOSSI, together with
the final consensus coding can be found in the dataset available at https://doi.org/10.48527/
NNOMJC. All curricula (EN, IT, and PT) demonstrated opportunities to implement the SSI
approach, with an increase in frequency as the level of education advanced (see detailed
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curricula. Data labels indicate absolute frequencies.

https://doi.org/10.1371/journal.pone.0308901.9006

information in S3 Table). The IT and PT curricula showed a higher relative frequency of evi-
dence at the higher school years analyzed (61.11% and 21.73%, respectively). The EN curric-
ulum showed a higher relative frequency of evidence in the general aims (17.95%), however
it can be observed that the highest relative frequency in specific school years was found in the
upper key stage 2 (16.67%).
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Opportunities to explore the SSI approach in school science curricula

In the science curricula of the three countries included in this study, we found evidence sup-
porting the presence of opportunities to address the three categories included in the FIOSSI.
Evidence was found for the presence of all the subcategories except for exobiology issues (10
out of the 11 subcategories) and for 23 of the 28 sub-subcategories. No evidence was found for
the sub-subcategories agronomy/agriculture, genetics, industry, and animal experiments of the
subcategory technology issues, nor for the sub-subcategory soil of the subcategory environmen-
tal issues. Detailed results can be found in S4 Table.

In terms of the total number of evidence found, important disparities were observed
among the three curricula analyzed (EN - 78, IT - 18, PT - 313). The most frequent opportu-
nities to explore SSI in the classroom are related to the categories awareness of the issue, (EN -
48.72%, IT - 55.56%, PT - 49.20%, Fig 4; mostly due to issues concerning the environment and
human health), and socioscientific reasoning (EN - 46.15%, IT - 22.22%, PT - 39,62%, Fig 4).
Although relatively frequent in Italy (22.22%), the category socioscientific identity is not very
frequent in England and Portugal (5.13% and 11.18% respectively).

Awareness of the issue subcategories. The subcategories human health issues and
environmental issues were found in all three curricula analyzed (Fig 5). Within these
subcategories, only three sub-subcategories can be found in the three curricula, namely
human health issues in general, food and environmental issues in general (Figs 6B and 6C) and
PT and EN share a higher number of sub-subcategories (namely diseases, access to resources,
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use of medicine, non-nutrient substances intake, energy and biodiversity). Only the sub-
subcategory human diversity in relation to health problems was shared by the curricula from
PT and IT.

The subcategories technology issues and social conflicts and biases based on human diversity
issues were only found in the EN and PT curricula (Fig 5) that share the sub-subcategories
technology issues in general, biological diversity and socio-cultural diversity (Figs 6A and 6D).
Portugal always displayed a higher number of sub-subcategories for all the subcategories
related with the awareness of the issues, followed by England and Italy (20, 12 and 4 sub-
subcategories respectively).

Socioscientific reasoning subcategories. The subcategories analyze issues from multiple
perspectives and employ skepticism in analysis of potentially biased information were found in
all three curricula analyzed (Fig 7), the former one being the most frequent (EN - 33%, IT -
50%, PT - 45% of the occurrences in this category). The subcategories socioscientific reasoning
in general and explore how science can contribute to the issues and understand the limitations
of science in issue resolution were only found in the EN and PT curricula. The subcategory
account for the inherent complexity of SSI was only found in the IT and PT curricula. The
subcategory identify aspects of issues that are subject to ongoing inquiry was only found in the
EN curriculum.

From the subcategories for which evidence was found, the least frequent in the curricula
were the subcategories identify aspects of issues that are subject to ongoing inquiry in EN (14%),
account for the inherent complexity of SSI in PT (1%) and account for the inherent complexity
of SSI and employ skepticism in analysis of potentially biased information in IT (25% each).

Discussion

In this study, we developed a valid and reliable framework that is aligned with the literature
in the field to analyze curriculum content for SSI opportunities and identified these opportu-
nities in the science curricula of three European countries (England, Italy and Portugal). Our
results showed that the three curricula analyzed have the following common characteristics:

- high frequency of opportunities to implement the SSI approach related to the awareness of
the issue, specifically with human health and the environment;

- high frequency of opportunities to develop socioscientific reasoning, namely analyzing issues
from multiple perspectives and employing skepticism in the analysis of potentially biased
information;

- low frequency of learning goals addressing technology issues.

In contrast, the Italian curriculum lacks learning goals addressing social conflicts and biases
based on human diversity issues, and shows a higher frequency of opportunities to develop
socioscientific identity than the other two countries’ curricula.

Framework development

To the best of the authors” knowledge, this is the first attempt to create an analysis framework
to identify opportunities to implement the SSI approach in the science curriculum. The appli-
cation of the FIOSSI framework to three European countries’ curricula with different designs
and traditions showed reliable results, supporting its validity.

All the categories, and the majority of subcategories and sub-subcategories of FIOSSI were
found in the analysis of the three school curricula. We did not find one subcategory and five
sub-subcategories in the analysis, however decided to still keep them in the framework as
they resulted from a literature review [65] and they might be found in the curricula of other
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countries or in higher school grades. Garrecht et al. [68], for example, found opportunities
to explore animal experiments in the UK and Germany curricula for secondary level. It is
important to notice that the application of this framework to other countries’ curricula and
other school levels may reveal the need to redefine and/or include additional categories, sub-
categories or sub-subcategories.

A limitation of our framework is that it does not include categories related to the develop-
ment of scientific practices and the epistemology of science/nature of science, as these are not
specific to the SSI approach. Learning goals addressing scientific practices and nature of sci-
ence were found for these countries’ curricula [69,70]. Past research, also shown how nature
of science understandings can be instantiated with the SSI framework [71-76]. These studies
thus suggest that in future research, the FIOSSI instrument may be extended to include cate-
gories addressing scientific practices and nature of science as these dimensions may provide
additional opportunities to explore SSI.

FIOSSI is important as a tool for education research and practice and to inform education
policies. Educators may use FIOSSI to identify possible topics and learning goals that can be
explored through an SSI approach in their classroom. However, its usefulness for educators
and effectiveness need to be tested by future studies focused on this question. When applied to
multiple curricula, FIOSSI provides researchers and teachers crucial information on the learn-
ing goals that are shared across regions/countries and can be targeted for the development of
educational activities and materials aligned with multiple curricula, contributing to overcome
the scarcity of educational materials to address SSI [41,42]. The alignment of the activities
with the curricula is expected to diminish the time-related constraints identified by teachers
[37], facilitating the implementation of the SSI approach in the classrooms and contributing
to foster students’ understanding of the complex interplay between science, society and ethics
[7] in agreement with the Visions II and III of scientific literacy [9,10,13-15].

FIOSSI can also be used by researchers to identify learning dimensions that require further
study, contributing to address the current lack of information about the implementation of
SSI in elementary schools and how these impact students’ learning outcomes [38,39]. This
information can be used to inform changes needed in curricula documents for different
countries, and/or support the development of specific guidelines to incorporate SSI more
effectively. In addition, the application of FIOSSI could provide further insights if extended to
curricula of higher grade levels. Future research in this direction would be both valuable and
impactful for broadening the framework’s utility.

Contributions to education practices and research

Within the grade ranges considered, we found that the analyzed curricula offer more oppor-
tunities to implement the SSI approach at higher school grades. This aligns with the intended
purpose stated in the general objectives of all the analyzed curricula, which aim to facilitate

a progressive understanding of scientific knowledge and concepts [50-52]. These results
contrast with the degree of discomfort expressed by the teachers regarding the implementa-
tion of an SSI approach, which was lower in elementary school teachers [39] than in second-
ary school teachers [41]. In a way, our findings borders on the ironic since there is generally
more openness to explore transdisciplinary topics at the elementary and middle school grade
levels in comparison to high school grade levels which are often perceived to be more struc-
tured [77,78].

The relative frequency of opportunities in each category varies slightly between countries.
This variation may emphasize the different approaches and priorities adopted in the educa-
tional settings of each country. However, our results also highlight opportunities to imple-
ment the SSI approach that are shared between the three countries, which are discussed below.
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Awareness of the issue. The subcategories environmental issues and human
health issues had the highest relative frequency in the three countries, suggesting the
importance of teachers and researchers to focus their efforts on developing and studying
activities and materials that explore such issues. Within environmental issues, activities
focused on biodiversity and energy issues might have more potential for adaptation
and dissemination across countries, as these issues are common to the English and
Portuguese curricula.

We found six studies that report SSI approaches to be used in elementary education to
explore environmental issues, exploring topics such as energy, pollution (water pollution and
waste-related pollution), consumerism, biodiversity and territory management [38,39,79-82].
For human health, we found one study focusing on diseases [38] and one related to food
[83]. The studies that explore food issues may have greater potential for adaptation since this
sub-subcategory is common to the three curricula analyzed. Some educational investigations
may be adapted from those available in the literature focusing STS (Science, Technology and
Society) and STSE (Science, Technology, Society and Environment) approaches in science
education, two movements that have been quite strong in the last decades [12]. The same
applies to studies and activities focusing environmental education and health education,
which a quick search on the database “Web of Science” shows to be frequently addressed in
research (252 and 587 publications containing the search terms “elementary school” together
with “environmental education” or “health education” respectively) but not explicitly devel-
oped under an SSI perspective (0 publications found when the term “socioscientific issues”
is added to the previously reported searches). These results support the need to promote
more research and the development of resources that explore environmental and health issues
through an SSI approach in elementary schools.

Our results also show opportunities to explore social conflicts and biases based on human
diversity issues in English and Portuguese curricula. However, studies exploring this topic
under an SSI approach up to the 9th grade are scarce [see [84] for a notable exception], sup-
porting the need to develop resources and research studies focused on this important issue.
Higher frequencies of the sub-subcategories issues in general (e.g., technology issues in general,
human health issues in general, environmental issues in general), were observed in the three
analyzed curricula, suggesting that activities developed for these issues may still be useful and
adaptable across countries.

Socioscientific reasoning. All the subcategories of socioscientific reasoning were
found in our analysis, although none of the school curricula contained evidence for all the
subcategories. However, few studies addressed or analyzed the development of socioscientific
reasoning skills in elementary school students [85], even when we extend our search into the
development of informal reasoning [defined as the scientific processes used in discussions
and solutions of SSI by Sadler [86] in elementary school students [see [38,79] for notable
exceptions]. This emphasizes the need for future studies in this field.

Our results reveal that, although the three school curricula provide opportunities to
develop elementary school students’ competencies to analyze issues from multiple perspec-
tives and to employ skepticism in analysis of potentially biased information, very few studies
were conducted in this field. This argues for the importance of developing and studying the
impacts of activities that: i) encourage students to consider others’ points of view, ii) evaluate
counter-evidence, iii) analyze potential solutions from different perspectives, iv) recognize
challenges to their own defended position, v) be skeptic towards potentially biased informa-
tion and vi) develop strategies for making decisions based in credible information [87]. It is
also important to develop activities focused on socioscientific reasoning competencies like
explore how science can contribute to the issues and understand the limitations of science in
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issue resolution and account for the inherent complexity of SSI, although these are only present
in two out of the three curricula.

Socioscientific identity. This category was found in all the curricula analyzed, a result
consistent with research suggesting that one of the key dimensions of education should be
to support students as they explore and develop new identities [e.g., [88]. Identity develops
over long periods of time [21]. However, it is expectable that identities evolve in response to
extended efforts to engage students in meaningful negotiation of important issues [6]. Thus,
although changes in students’ identities are not expected after a single educational activity,
they are expected to be facilitated after multiple SSI educational activities [16]. Even though
a few studies have been carried out at other levels of education [e.g., [19,89], to the best of the
authors’ knowledge, no studies have analyzed how elementary school students develop their
socioscientific identity through the SSI approach, or other related educational approaches that
have been developed for this specific purpose.

Implications for educational policies and curriculum developers

While our results highlight the existence of numerous opportunities to implement the SSI
approach, the total number of opportunities found in the curricula of each country varies
widely. These differences mirror the length of curriculum documents, the variation in the level
of description of learning objectives, the number of grade levels analyzed and the organization
of subjects and education cycles among the three selected countries. Thus, the comparison of
such different curricular organization documents may be misleading if these differences are
not carefully interpreted and considered. For example, Portugal has the most extensive cur-
ricular documents, with a very detailed level of prescription per grade, and showed a higher
number of opportunities. In contrast, Italy has a less descriptive curriculum and shows a lower
number of opportunities. A curriculum that presents a higher number of opportunities to
explore SSI could be seen as more aligned with Visions II and III of scientific literacy. How-
ever, this deserves more careful attention and should be complemented in future studies with
teachers’ interviews. In fact, the length of the curriculum can be seen by teachers as imposing
strong constraints, reducing teachers’ willingness to engage in an SSI approach [37]. On the
other hand, curricula that offer less detailed content can provide more flexibility to incorpo-
rate or deepen SSI during these specific school years, empowering schools and teachers to take
responsibility and explore issues that are locally more relevant and engaging for the educa-
tional community [45,90]. However, it is essential to consider the distinction made by curricu-
lum theorists between the formal curriculum (prescribed), the hidden curriculum (implicit),
and the real curriculum (in action) [91]. Therefore, an analysis of the formal curriculum, such
as the one we have conducted, is not sufficient to fully assess the alignment of school curricula
with visions of scientific literacy. Moreover, in contrast with the curricula from EN and IT,

the PT curriculum merges topics of Geography, History and Technology with natural sciences
(Biology, Physics, Geology and Chemistry) from grades 1 to 4. This may explain the higher
number and diversity of opportunities identified in Portuguese curriculum. Exploring SSI in
disciplines other than the science-related discipline could affect how these issues are addressed
[92]. In schools employing student-centered integrated curriculum programs, organized
around significant problems and issues without regard to subject area lines, students were
shown to have better academic outcomes than students in schools where no integrated curric-
ulum approach was used [reviewed in [93,94]. This suggests that exploring SSI in non-science
disciplines can affect how science is used to reason about these issues, but exploring SSI

only in science disciplines can also limit other perspectives besides the scientific one. Future
studies on the impacts of an SSI pedagogical approach in interdisciplinary or transdisciplinary
environments compared to single-disciplinary environments will be worthwhile. We should
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highlight that the inclusion of other disciplines in the analysis, such as Technology, History,
Geography and Citizenship, could contribute to a broader vision and a more comprehensive
understanding of the range of opportunities to address SSI.

Despite the considerations above, our results highlight features in the elementary school
science curriculum of each country that deserve further attention and which are discussed
below.

Awareness of the issue. In this category, the subcategory technology issues was one of the
least covered by the English and Portuguese curricula and was not identified in the Italian
curriculum (although we should note that, in the three analyzed countries, Technology is a
separate subject). With technology playing such a significant role in our daily lives today, not
addressing technology-related issues within science education may limit students’” preparation
to effectively navigate the ethical, social, and environmental implications and challenges
associated with technology and the relationship between science and technology [95,96]. The
limited emphasis on technology at lower levels of education can impact the development
of the skills and knowledge that students need to critically engage with SSI, and teachers’
competence and confidence to integrate technology into their science teaching practices [96].

The IT curriculum does not include learning goals related with social conflicts and biases
based on human diversity issues. However, introducing social conflicts and biases associated
with both biological and socio-cultural diversity in science teaching may provide opportuni-
ties to promote awareness about inequalities prevalent in society, to develop a deeper under-
standing of the complexities surrounding diversity and to actively contribute to decreasing
inequality and discrimination in line with the goals for the 2030 Agenda of the United Nations
[1,97,98]. More specifically, exploring these issues may contribute to education for sustain-
ability [4,5] by addressing gender equality and empowerment of all women and girls (SDG5),
strategies to reduce inequalities (SDG10), and to promote peaceful and inclusive societies for
sustainable development, providing access to justice for all and building effective, accountable
and inclusive institutions at all levels (SDG16).

Socioscientific reasoning. None of the curricula analyzed presented opportunities to
develop all subcategories of the socioscientific reasoning, thus compromising students’
opportunities to develop important competencies to fully understand and address SSI.
More specifically, the English curriculum does not explicitly refer to opportunities for
students to account for the inherent complexity of SSI, thus increasing the probability of
failing to recognize multiple and dynamic interactions within the issue. Additionally, the
Italian and Portuguese curricula do not explicitly refer opportunities for students to identify
aspects of issues that are subject to ongoing inquiry what may compromise students’ ability
to recognize that SSI are real problems, characterized by a degree of uncertainty, and ill-
structured with underlying assumptions, conditions and potentially significant information
not always determined or known. Furthermore, the Italian curriculum does not explicitly
mention opportunities for students to explore how science can contribute to the issues
and understand the limitations of science in issue resolution, which may compromise the
development of students’ scientific literacy. In fact, independently of the issue addressed, all
these competencies play an essential role in the development of scientific literacy Vision III
[8], as all of them emphasize the integration of considerations beyond scientific knowledge,
such as social and ethical ones, and encourage the critical analysis of real problems. Since
SSI are often related to sustainable development [99,100], the implementation of the SSI
approach also provides opportunities to address many of the issues outlined in the SDGs
and emphasizes the integrated and indivisible nature of the world’s challenges. Moreover,
the key competencies in sustainability [4], defined as essential for individuals to transform
their lifestyles and to contribute to societal transformation towards sustainability, share
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common elements with socioscientific reasoning competencies. These common elements
include: 1) a focus on preparing students to understand, engage with, and contribute to a
more sustainable and equitable world; 2) an emphasis on critical thinking (critical thinking
competency/ employ skepticism in analysis of potentially biased information); inclusion
of interdisciplinary perspectives (systems thinking competency/ account for the inherent
complexity of SSI and analyze issues from multiple perspectives); 3) ethical considerations
(normative competency/ analyze issues from multiple perspectives and explore how science
can contribute to the issues and understand the limitations of science in issue resolution);
and, 4) attention on addressing complex-real world issues [4,16]. This further supports the
importance of ensuring that all the dimensions of socioscientific reasoning are explicitly
mentioned in the curricula for these to actually contribute to the promotion of education
for sustainability.

Socioscientific identity. In the English and Portuguese curricula, socioscientific
identity was the least frequently addressed category. These results may be related to the
underlying nature of this category. Since the development of socioscientific identity entails
the development of students’ ability to recognize themselves as active participants in the
resolution of SSI, empowering them to engage in discussion, decision-making, and problem-
solving [16], these learning objectives may be also present in subjects other than science. For
example, all three countries have specific subjects related to citizenship education. In England,
the citizenship subject only starts from grade 7 (11 years old) and its purpose is to: “equip
pupils with the skills and knowledge needed to critically explore political and social issues, to
weigh evidence, debate and make reasoned arguments... It should also prepare pupils to take
their place in society as responsible citizens...” (51, p.227). In Italy, the subject of “Citizenship
and Constitution” is transversal and compulsory in all grades, and aims to build “a sense of
legality and the development of an ethic of responsibility, which materialize in the duty to
choose and act consciously, and which implies the commitment to develop ideas and promote
actions aimed at the continuous improvement of the environment in which one lives,
starting with daily life at school and personal involvement in usual routines...” (52, p. 27). In
addition, since 2020, the subject “Civic education” has been added to the curriculum, covering
sustainable development, environmental education and digital citizenship [101]. In Portugal,
“citizenship and development” is also a transversal and compulsory subject in all grades
and has the purpose to “contribute to students’ fulfillment through the full development
of their personality, attitudes and sense of citizenship. In this way, students are prepared
to consciously reflect on spiritual, aesthetic, moral and civic values in order to ensure their
balanced civic development” (53, p. 2). Given the purposes of citizenship education, analyzing
this subject may highlight additional opportunities to develop students’ socioscientific identity
and for implementing the SSI approach in these countries’ curricula.

Not acknowledging opportunities to develop socioscientific identity in science curricula
can compromise the full development of scientific literacy Vision III, since students might
not have other opportunities to recognize their active role as citizens in science-related issues,
which is an aspect mentioned in the definition of scientific literacy by various professional
organizations [9,10]. Moreover, a higher number of opportunities to develop socioscientific
identity could foster the development of key competencies in sustainability such as strategic
and self-awareness competencies, defined as “the ability to collectively develop and implement
innovative actions that further sustainability at the local level and further afield” (4, p. [102]),
and “the ability to reflect on one’s own role in the local community and (global) society, con-
tinually evaluate and further motivate one’s actions, and deal with one’s feelings and desires”
(4, p. [102]), respectively. It is, therefore, important that socioscientific identity is clearly and
often addressed in the science curricula and explored in the classrooms.
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Implications for elementary teacher training and further research

The successful implementation of the SSI approach in the classroom relies on the teachers.

In this sense, curriculum analyses represent a simplistic view of what actually takes place in
classrooms. Although curricula mandates the legal obligations of schools and teachers in
terms of what they must teach [45], many other factors influence teachers’ practices, including
their pedagogical beliefs [8]. However, few studies analyzed the implementation of SSI by ele-
mentary school teachers [37,39]. Therefore, further studies on elementary teachers’ practices
(if, how and when they implement the SSI approach) and on the educational resources they
use, are needed to more accurately identify opportunities to explore SSI in the classroom and
develop effective educational resources.

The identification of opportunities to implement the SSI approach can serve as a valuable
guide for directing efforts for both in-service and pre-service teacher training to overcome the
lack of confidence in SSI implementation reported by pre-service elementary teachers [37].
Given the limited number of studies, further research is needed to identify effective meth-
odologies to empower teachers to develop, adapt and implement resources and pedagogical
strategies to facilitate the SSI implementation.

Summary

Our study provides the first framework for identifying opportunities to implement the

SSI approach in countries’ curricula. Our application of FIOSSI to the science curricula of
England, Italy, and Portugal has yielded results that demonstrate that the three countries share
common learning goals in their elementary school curricula. Specifically, these goals encom-
pass addressing topics related to environmental issues and human health issues, to develop
skills such as analyzing issues from multiple perspectives and employing skepticism in the
analysis of potentially biased information, and to develop socioscientific identity. This suggests
that activities developed to address these learning goals through an SSI approach may be used
and adapted in the three countries. We also show that there are important issues in the three
curricula that deserve further attention and may inform policy changes. These issues include
the low frequency of learning goals addressing technology issues in the science curricula, and
the absence of learning goals addressing social conflicts and biases based on human diversity
issues in the Ttalian curriculum. We also argue for the importance of including learning goals
covering all subcategories of socioscientific reasoning and increase the frequency of those
addressing the development of socioscientific identity in the curricular documents of the three
countries. Our results represent an important contribution to develop solutions to improve
students’ scientific literacy and sustainability key competencies and may serve as a catalyst for
educational reform and the advancement of science education towards a more holistic and
socially relevant approach, ultimately, contributing to the SDGs.
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