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Abstract

The paper provides a systematic theoretical analysis of the main visions of the concept
of scientific literacy developed in the last 20 years. It is described as a transition from a
transmissive educational vision of scientific literacy (Vision-I) to a transformative vision
(Vision-III), with a stronger engagement with social participation and emancipation. Using
conceptual tools from sociology and the philosophy of education, the notions of science
participation and emancipation associated with transformative Vision-III are critically ana-
lyzed in order to draw attention to the growing need to define them with greater accuracy
as key conceptual components of scientific literacy. Without such an approach, it will be
difficult for science education to materialize and consolidate educational actions that are
pedagogically sound, culturally and socially sensitive, and coherent with the social trans-
formation of the diverse conditions of oppression. It is concluded that Vision-1II should
include both a broad conception of participation, which makes visible the invisible and
informal acts performed by diverse groups to build society, and an alternative notion of
emancipation committed to liberation.

1 Introduction

The recent crisis caused by the COVID-19 pandemic revealed numerous inequalities, gaps,
and vulnerabilities in education. At the same time, it highlighted a range of possibilities
and projections for shaping an improved education, one more suitable for global chal-
lenges. UNESCO (2020) presented nine big ideas to build the foundations of this post-pan-
demic education. One of these ideas raises the need to: “...Ensure scientific literacy within
the curriculum. This is the right time for deep reflection on curriculum, particularly as we
struggle against the denial of scientific knowledge and actively fight misinformation...”
(UNESCO, 2020, p. 6).

The growing reaction of some citizens and political leaders, denying scientific knowl-
edge about socio-scientific issues of planetary relevance, such as climate change or even
the coronavirus pandemic, together with the diversity and multiplication of fake news
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and unreliable sources of information regarding the techno-scientific risks to which we
are exposed daily, has served as an alert to reactivate the global commitment to scientific
literacy (Orozco, 2020; Nguyen and Catalan-Matamoros, 2020). This revival of science
and technology in formal, informal, and non-formal educational settings makes it urgent to
recover the question of why a scientific literacy is important and what is the meaning that
this concept should have.

In general terms, the meaning of scientific literacy has changed throughout history and
many definitions of this concept have been developed, which have basically migrated from
a scientific teaching focused on the memorization of scientific concepts and laws, towards
a scientific teaching focused on the study of its risks and impacts on society and, more
recently, on the role of science as a tool for social change. Regarding the social function of
scientific literacy, in sum, this has been located around three main orientations (Liu, 2009,
2013): as (1) the elimination of a cognitive deficit; (2) the acquisition of a personal com-
modity; and (3) a one-way transport towards a more valuable social end.

In the first case, when the term scientific literacy refers to a deficit elimination, it is
assumed that students or the general public are illiterate in science and that this deficiency
needs to be corrected, regardless the various types of knowledge and experiences people
have regarding the natural world and without necessarily considering the context in which
it is inserted. When scientific literacy is treated as the acquisition of a commodity, it is
often assumed that once a student has achieved a certain result associated with science
education and has crossed the threshold between what is considered literate and illiterate in
science, this person has obtained an asset that will last forever, no matter what field of sci-
ence he or she has managed to cross this threshold in, and ignoring both the dynamism of
science and that learning is an endless and lifelong process. Finally, when scientific literacy
is conceived as a one-way transport, it is understood as a carrier of different benefits, that
is, the means that transport a society from a state of lesser to a state of greater knowledge
and well-being, like, for example, when it is expected that scientific literacy is a tool for
economic development and national security (Liu, 2009, 2013).

What kind of orientation should we aim for to guarantee a scientific literacy suitable
for the challenges of the twenty-first century? Answering this question is neither simple
nor trivial; all definitions have a scope and limitations and the picture becomes even more
complex when we see the multiple typologies that have been generated in the specialized
literature and that have sought to establish a clear definition of what scientific literacy actu-
ally is and what it should be.

This article is based on a documentary analysis that systematizes some of the main
visions and meanings of scientific literacy. It describes how this concept has moved from
a transmissive vision of the educational process, focused on the unilateral transmission of
scientific knowledge and without a clear link to the social dimensions of science (Vision-
I), towards a socio-cultural and situated vision of the educational process (Vision-II), and,
finally, to a transformative vision committed to participation and emancipation (Vision-
IIT). This last one prevails in most of the recent studies on the research field in science edu-
cation, in which it is emphasized that a scientific literacy for the twenty-first century should
aim towards social activism.

Social activism in Vision-III is proposed as a response to the disturbing issues
we—the whole of humanity—are facing. Undoubtedly, we are experiencing a strong
security crisis and we are dealing with different forms of violence and systematic vio-
lations of human rights that are intertwined in a global context characterized by a politi-
cal and environmental crisis that could be synthesized in challenges such as climate
change, increasing mass migrations, the excessive circulation of misinformation—fake
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news—and the massification of digital technologies. Moreover, one could add a global
context full of catastrophic global risks, among which we should mention the recent
pandemic produced by the SARS-CoV-2 virus. The COVID-19 pandemic has evidenced
how all human relationships are burdened with injustice, economic and cultural fra-
gility, and social inequality. In the same way, the pandemic has made visible how day
by day these gaps widen and the conflicts between countries are escalating and how,
paradoxically, all these divides advance along with an unprecedented techno-scientific
development, which raise doubts about their own ethical limits, given the possibility
of creating new transhuman and post-human species; this scientific progress is capable
of profoundly redefining the relationships between nature, culture, and human beings,
but has shown to be unable to include all people equally in the benefits of science and
technology.

This set of social problems is configured by, at the same time it configures, cha-
otic, turbulent, and changing environments that are accelerated by globalization, lead-
ing us towards to what is known as the VUCA world. VUCA is an acronym that refers
to the volatility, uncertainty, complexity, and ambiguity (Bennett & Lemoine, 2014)
that characterize current social, ecological, political, and economic systems that make
the twenty-first century increasingly more and more difficult to precede and manage.
Coping with these challenges requires a flexible scientific literacy, committed to social
transformation. In the context of this article, social transformation refers to social
change and rupture of the distinct oppression structures (based on racism, sexism, clas-
sism); it means the transformation of the historical, ideological, institutional set of poli-
cies, practices, traditions, norms, and discourses which, based on prejudice, discrimina-
tion, and differential power, work to systematically exploit and exclude different social
groups (minoritized, dominated) for the benefit of other social groups (dominant) (Sen-
soy & DiAngelo, 2017).

In order to change the systemic injustice that keeps certain groups excluded from the
benefits of scientific-technological development, requires a trans- and interdisciplinary
approach. On the one hand, an interdisciplinary approach enables two or more disciplines
to interact in order to allow for an object of study to be described, analyzed, and under-
stood in all its complexity through collaboration, synergy, and disciplinary integration,
which may consist of the transfer or appropriation of concepts, values, and methods from
one discipline to another. On the other hand, a transdisciplinary approach contributes to
shaping much more systemic, global, and multidimensional visions of an object through a
complex knowledge process that exceeds disciplinary limits.

A comprehensive understanding of scientific literacy, which encompasses all its com-
plexity and dimensions, requires at least the interdisciplinary interrelation of various fields
of study. Otherwise, bringing ideas from a single discipline to conceptualize scientific lit-
eracy could result in a fragmented and limited vision of the concept, without attaining a
unified vision that integrates and facilitates moving towards new epistemologies, ontolo-
gies, and methodologies in the field of science education.

Hence, reviewing some categories developed by the philosophy of education, for exam-
ple, would allow us to clarify and justify the why of the different educational practices
of science, as well as to solve fundamental questions about the ultimate ends of human
being, society, culture and science, their relationship with the aims of education, and the
principles on which certain pedagogical practices are designed and constructed. Similarly,
through a sociological view, interdisciplinarily articulated with the philosophy of educa-
tion, we would be able to analyze the structural logics that condition the social and edu-
cational practices, understanding the different ways in which society is conceptualized,
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historizing the inequalities and diversities that most of the times are assumed as natural;
with the sociological approach, we would be also able to de-essentialize and de-substan-
tialize the social problems that are manifested and reflected in the science classroom, and
which often determine the students’ educational success.

To change society by means of science education, it is important first to understand
what features of society we want to modify and why. This necessarily implies knowing
how society is structured, how it works, and what place education, culture, and science
education occupy in said social structure. The same can be done by interrelating the con-
tributions of other disciplines—such as history, economics, or the politics of education—to
highlight some of the disciplines whose participation is necessary to configure a broad and
critical concept of scientific literacy.

In this article, I expect to encourage this interdisciplinary conformation of a broad
notion of scientific literacy, taking some contributions from sociology and philosophy of
education as analytical tools, which allow to analyze the notions of “participation” and
“emancipation,” which are strongly associated with the transformative vision of scientific
literacy (Vision-III). I explore only these two notions from the point of view of two disci-
plines, because I consider these sufficient to exemplify the potential that an interdiscipli-
nary reflection would have in the critical reconceptualization of the different components
that make up scientific literacy. Although this analysis does not delve exhaustively into the
interdisciplinary construction of the concept of scientific literacy, it does illustrate how the
analytical tools taken from different disciplines can contribute to refine this concept. I have
chosen to work with these two notions because of the strategic role they have in the trans-
formative vision of scientific literacy, so the title has been referred to as critical notes on
participation and emancipation. Their key role becomes evident when the main trajectories
and conceptual changes on science education over time are described in the first sections
of this paper, showing the urgency of a critical approach to the meanings of scientific lit-
eracy’s components.

The critical character of the notes that are developed in this text refers to the relevance
for the science education field of paying attention to the need to pause for a moment and
to elaborate a conceptual analysis of the notions of science participation and emancipation
implied in the literacy process, and to underscore that these notions have multiple inter-
pretations (sociological, political, philosophical, historical, etc.) that are not visible to the
naked eye. As it is referred by Collins and Bilge (2016), the term “critical” is a qualifier
that means “... criticizing, rejecting and/or trying to fix the social problems that emerge
in situations of social injustice...” (p. 39), because it is only through the task of uncover-
ing the injustices behind social inequalities that it becomes possible to “... imagine alter-
natives, and/or propose viable action strategies for change...” (Collins & Bilge, 2016, p.
40). So, given the exclusions and oppressions that take place in diverse educational con-
texts, there is an urgent need for a commitment to those definitions about participation and
emancipation that have an engagement with either unmasking hierarchical and asymmet-
rical relations of power and with the transformative character produced by participation
and emancipation in science education for reordering and fixing social relations in science
school and society. In other words, the brief conceptual review that is presented in this
paper maintains a critical stance in the sense that it defends the need to expose how the
concepts of science participation and emancipation are intersected by the axis of power,
by relationships of inequality (social, cultural, economic), domination, and social exploita-
tion, which are manifested in diverse forms, combinations, and complexities, across differ-
ent processes and practices of scientific literacy. These are critical notes as they explore,
conceptually, the historical and practical possibilities of a transformation of educational
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realities in the context of science education, letting the reader figure out alternatives for
educational research and change in this field.

Specifically, what makes these notes “critical” is, therefore, their affiliation to the main
two principles through which Gottesman (2016) characterizes all critical thinking in edu-
cation: (i) the principle of relationality, that is, to assume that educational practices and
institutions along with social and cultural relations need to be seen as intimately connected
to the inequalities that structure modern societies, seeking all the time to transform them,
and (ii) the principle of repositioning, which refers to the commitment and interest of those
educational investigations that look for an understanding of educational actions developed
from the point of view of the connections among the many dimensions of society as a
whole, as well as from the point of view of the dispossessed and disadvantaged ones, for
transforming and acting against the ideological and institutional processes that reproduce
and perpetuate the conditions of oppression. In this sense, these notes share the aspiration
of the critical thinking in education to broaden the conceptual scope to which Vision-III
of scientific literacy invites us, offering a couple of theoretical-methodological elements,
such as intersectionality in participation and emancipation as disidentification, which both
underpin and demand a transformation of social structures, institutions, and relationships
towards societies in which major conditions of plurality, symmetry, equity and equality,
and mainly social and educational justice prevail.

This paper is organized as follows: Section 2 reviews the fundamental and derived
meanings of the concept of scientific literacy in order to show one of the first changes
that this concept underwent and that describes how this literacy overcame to be limited
to reading and writing scientific texts, spreading its scope towards the social field, adding
a derived sense that included the development of multiple skills associated with the role
of science in society. Simultaneously to the change in the fundamental sense of scientific
literacy, the notions of participation and emancipation will later emerge as key components
of the derived sense of the concept.

Given the myriad of conceptions that derived sense brought with it, in Section 3
Visions-I and -II are described as conceptual strategies that help to map, organize, and
synthesize the explosion of multiple conceptions about scientific literacy. Later, in Sec-
tion 4, the transformative view of scientific literacy is presented as a broader and more
critical elaboration than those offered by Vision-I and -II. In this section, emancipation
and participation are explicitly introduced as core components of a scientific literacy ori-
ented towards social transformation. Although incorporating these two components in the
field of science teaching has been a very important step in the historical development of
the concept, because it shows a close co-constitutive relationship between science, society,
and science education, Section 5 discusses how both notions, participation and emancipa-
tion, require conceptual precisions, since they are lived and experienced differently and
unequally according to variables like class, ethnicity, and gender of those who enroll in a
science education process, so it is necessary to explore the deeper meanings of these two
conceptual components. In this way, in Section 5.1, a brief analysis of the meaning of sci-
ence participation from an intersectional perspective is carried out, and in Section 5.2, an
analysis of emancipation from a philosophical perspective is developed.

By deepening into the meanings of both terms, the intention is to account for the
urgency and richness of taking categories discussed in the philosophy and sociology of
education to define a scientific literacy in a way that is more compatible with the diversity
of conflicted, cultural, and social experiences in which students and teachers are inserted;
thus, the intent is to be more in line with the volatility, uncertainty, complexity, and ambi-
guity associated with the challenges of the twenty-first century. This critical contribution
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has the ultimate purpose of claiming that the pretensions to universalize and simplify the
character of scientific literacy entail the risks of, on the one hand, underestimating some
conceptual precisions that are necessary to design and materialize educational actions
which are pedagogically sound, and directed towards the social transformation proposed
in Vision-III, and, on the other hand, of turning this concept into the opposite of its trans-
formative purpose, that is, into a concept that, instead of strengthening students’ participa-
tion and emancipation, contributes to the reproduction of socioeducational dependencies
and cultural exclusions in the field of science.

2 The Fundamental and the Derived Sense of Scientific Literacy

The term “scientific literacy” originated in the 1950s to express a set of goals for science
education (Bybee, 2016; Choi et al. 2011). During the 1990s, with the circulation of edu-
cational reform documents in the USA and other countries, scientific literacy became the
most important goal of science education. Although many efforts were made to define it,
today there is no universally accepted definition of this concept (Liu, 2013).

Roughly, this literacy could be defined as “being educated and possessing knowledge
in and about science” (Norris & Phillips, 2016, p. 947). However, this definition could
become more complex and give rise to large and specific categories that show the multivar-
iate nature of elements contained in scientific literacy. That is the case of the contributions
of Norris and Phillips (2003), who organized the multiple definitions of this concept in two
senses: the fundamental and the derived sense.

Norris and Phillips (2003) identified that scientific literacy is most often used to refer to
one of the following aspects: knowledge of the substantive content of science and the abil-
ity to distinguish what is and what is not science; understanding of science and its applica-
tions; ability to think scientifically; ability to use scientific knowledge in problem solving;
knowledge needed to participate in socio-scientific issues; understanding of the nature of
science and its relationships with culture; assessment of the benefits and risks of science;
ability to think critically about science and deal with scientific expertise.

Given this multiplicity of conceptions, and since they frequently comprise a multidi-
mensional set of diverse elements to assess what it means to be scientifically literate, Nor-
ris and Phillips (2003) underscore the importance of distinguishing between a fundamental
sense and a derived sense of this term. According to them, most of the conceptions found
in literature appeal to the derived sense, forgetting its fundamental sense.

In their approach, Norris and Phillips (2003) refer to the most basic meaning of “lit-
eracy” as the ability to read and write, and they differentiate it from a derived sense that
understands this term as knowledge, learning and education. A person can have knowledge
about something, as Norris and Phillips (2003) point out, “...without being able to read
and write...” (p. 224), but when it refers to a disciplinary body of knowledge, such as sci-
ence, the connection between specialized knowledge and the ability to read and write is
closer, even more when it is acknowledged that scientific practices are predominantly tex-
tual, to such an extent that it is impossible to know science without reading, writing, and
exchanging scientific texts. It implies that the fundamental sense of literacy should also be
the fundamental meaning of scientific literacy, and yet it is precisely the most absent sense
in the literature (Norris & Phillips, 2003).

Certainly, it is not easy to find a definition of scientific literacy that recovers this funda-
mental sense. This neglect of including the reading and writing of scientific texts as a basic
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definition of scientific literacy is also reflected in the educational practice of school sci-
ence that usually underestimates the importance of the fact that “...scientists create, share
and negotiate the meanings of inscriptions: notes, reports, tables, graphs, drawings, dia-
grams...” (Norris & Phillips, 2003, p. 225). Through texts, scientists present and represent
data; elaborate and communicate hypotheses, models, theories, arguments; codify and sys-
tematize the productions of other scientists; re-examine ideas published within and outside
their field, among others.

According to Norris and Phillips (2003), reading and writing are not only communica-
tive or storage tools of science, which implies science could therefore be extracted from
them; these activities are also constitutive of science practices, and without them there
is no science as such, neither inside nor outside the school. Following these authors, we
should overcome the traditional belief that reading and writing are passive activities and
not very significant for the learning of science, and give rise to proposals of academic lit-
eracies that reclaim the relevance of scientific texts as science’s fundamental pieces. As
Norris and Phillips (2003 p. 236) argue: “...Nobody can acquire a sophisticated level of
scientific knowledge without being literate in the fundamental sense, and science itself
could never exist without individuals literate in this way...”.

However, this fundamental sense has been blurred and scientific literacy is usually
defined only by its derived sense. According to Bybee (2016), outside of the boundaries of
learning to read and write, scientific literacy is referred to as the understanding of science
and its applications in the individual and citizen experiences, and it goes back to 1958, with
P.D. Hurd’s contributions, who figured out what is perhaps one of the first definitions that
link science curricula and educational resources to provide students with opportunities to
appreciate science as a human and intellectual achievement; to use scientific methods and
to apply science to the social, economic, political, and personal domains (Bybee, 2016).

Among the many attempts to describe the derived sense of scientific literacy and to sys-
tematize its elements (DeBoer, 2000), the effort by Choi et al. (2011) is relevant. Based
on a deep documentary review and a wide set of opinions from science teachers form dif-
ferent levels, Choi et al. (2011) outlined a scientific literacy definition for the twenty-first
century, made up of five dimensions: (i) Scientific contents; (ii) mental habits (communi-
cation and collaboration, systematic thinking, information management, use of evidence
and argumentation); (iii) character and values to act responsibly; (iv) science as an activity
(its epistemology and its relations with society); (v) metacognition and self-direction (self-
management and self-evaluation).

This is perhaps the most exhaustive definition to date of the derived sense from the
concept, both because of the diversity of elements it contains, and because of the partici-
patory methodology with which it was constructed, reminding us that the concept should
also be meaningful to all those agents who participate in the literacy process (teachers, but
also students, science education researchers, decision makers on educational and scientific
policy, and the general public).

Another remarkable effort to understand the derived sense is Roberts (2007), who not
only achieved to place scientific literacy on the international agenda of educational poli-
cies, but also organized the multiple conceptions into two main visions. More recently and
based on Robert’s contribution, a third vision of scientific literacy has been developed to
summarize the current understanding of the concept.

The distinction between the fundamental and derived senses of scientific literacy repre-
sent one of the first steps that enabled overcoming a narrow vision of science in the school
context, based on the idea that learning science is only acquiring skills to read, write, and
handle scientific information. The result was an explosion of multiple definitions, many of

@ Springer



564 L. Valladares

them listings of competences that tried to condense the derived sense of scientific literacy;
this derived sense allowed to relate science learning with the gradual development of a set
of different skills associated with the scientific activities and their historical, social, cul-
tural, political, and environmental implications.

3 Vision-l and Vision-Il of Scientific Literacy

According to Roberts (2007), and in parallel with the two modes of scientific knowledge
production developed by Gibbons et al. (1997), there are two main views of scientific lit-
eracy that can be distinguished, and which encompass almost all definitions of this term
(Bybee, 2016; Sjostrom & Eilks, 2018). These visions make up a continuum and are recur-
rently cited because they help to map, organize, and conceptualize the diversity of concep-
tions about this term (Liu, 2013). Following Roberts (2007), while the so-called Vision-I
is rooted in the products and processes of science, Vision-II is anchored in social situations
with a scientific component, which students will face as citizens.

Vision-I focuses on the learning of scientific contents and processes for their subsequent
application (Bybee, 2016); it emphasizes science as a discipline that demands propositional
and procedural knowledge, metacognition, and disposition (Liu, 2013). This orientation is
linked to what Aikenhead (2006) called “science to prepare future scientists.” Vision-II
includes the scientific literacy definitions focused on understanding the usefulness of scien-
tific knowledge in life and society, and on fostering its learning from meaningful contexts
(Bybee, 2016), contextualizing it and relating it to technology, environment, and society
(Liu, 2013). This orientation is identified with the Aikenhead (2006) orientation of “sci-
ence for all.” This second vision adopts a socio-cultural perspective of teaching and learn-
ing and recognizes that science is not only an isolated content, but also involves a context
of cultural connotations (values, beliefs, emotions) related both to the social and individual
life of students, and to the historical, philosophical, and socio-cultural dimensions of sci-
ence. Vision-II is developed as a product of what Mansour and Wegerif (2013) called the
“socio-cultural turn in science education,” in which the decontextualization of knowledge
that characterizes Vision-I is questioned. This socio-cultural turn incorporates science into
a context of cultural practices and interests that demand attention from the school; schools
could no longer remain blind to the students’ culture and were now required to understand
personal/collective students’ ideas about science.

Each vision gives rise to very different curricular proposals, strategies, and instructional
resources, as well as different evaluative designs, roles, and strategies for teacher training
(Bybee, 2016). For example, while Vision-I is present in the TIMSS-OECD assessments,
with textbook questions without context, Vision-II is present in type PISA evaluations
designs, characterized by contextualizing their items (Bybee, 2016; Liu, 2013).

Roberts” two visions represent an effort to synthesize the multivocity of scientific lit-
eracy that was the result, to a large extent, of the theoretical development of Science, Tech-
nology, and Society (STS) studies and social theory, which enriched the reflection on the
effects of scientific and technological activities on societies, showing the need to contex-
tualize scientific practices. As STS studies and social theories about science in general
became more complex, so did the visions of scientific literacy. These two visions are a mir-
ror reflection of the contrast between a positivist image of science isolated from the soci-
ety, whose teaching practices were focused on achieving the canonical concepts of science
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(Vision-I), and a postpositivist science, linked to society, whose teaching practices changed
focuses on the technological and social context in which science is developed (Vision-II).

However, as STS studies gradually advanced, they started to explore the ways in which
science and technology co-constitute the world, the objects, the values, the institutions, and
in short, all society and culture—and vice versa—so it became evident that in the science
education field, it was necessary to take another step in the relationship between science
and society. When STS studies explained how society and culture are co-constructed by
science, this co-construction of science and society demanded a new vision of scientific
literacy. As a response, since the last decade, a third orientation has been added to these
two visions—Vision-III—which is the result of the contributions and reflections of Santos
(2009), Yore (2012), and Liu (2013).

4 ATransformative Vision of Scientific Literacy

Vision-III expands the conceptual scope of scientific literacy developed in Vision-II, and
assumes school science beyond its social contextualization, as involving a greater social
engagement and citizen impact (Sjostrom & Eilks, 2018).

This new vision integrates three innovative aspects: 4.1: a fusion of the fundamental
and derived senses of scientific literacy (Yore, 2012); 4.2: an introduction of the notions of
science engagement and participation (Liu, 2013); and 4.3: the inclusion of a political and
emancipatory agenda aligned with values such as equity and social justice (Santos, 2009).

Together, these three aspects make Vision-III more in line with the challenges of the
twenty-first century, because in order to transform human relationships and consequently
the different systems of injustice, economic, cultural, and social gaps, and to change the
growing expressions of hate and violence towards certain social groups as well as to stop
the exacerbation of environmental crisis, it is not enough to contextualize science and
reflect on its multiple risks and impacts, but rather a different orientation of science edu-
cation and a set of skills that promote greater social activism and individual and collec-
tive agency are required. That is, science education should not settle for teaching prac-
tices focused on reading and writing scientific texts but should promote a more disruptive
literacy based on the use of scientific content and the critical thinking characteristics of
science. This new vision should permit a better search for the comprehensive understand-
ing of complex and long-term processes we are facing in the VUCA world, so in this way,
science education could foster a more equitable distribution of the benefits of science to
build more global resilience, projecting new anti-oppressive and more supportive and sus-
tainable social relationships, not only among human beings, but also between them and the
environment.

4.1 Fusion of the Fundamental and Derived Senses

Yore (2012) considers that the two senses initially differentiated by Norris and Phillips
(2003) are separated in Visions-I and -II of scientific literacy and proposes to merge them
to constitute a Vision-III.

Vision-III is an additive socio-cognitive scheme composed of two sets of knowledge
and skills about science: on the one hand, those related to the fundamental sense of being
a science-literate person, which includes cognitive skills—such as critical thinking—and
metacognitive, affective, communicative, and technological capacities; on the other hand,
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those related to the derived sense of scientific literacy, that is, knowledge about science and
scientific practices, its relations with society, technology and environment, an understand-
ing of natural events, and the big ideas and unifying concepts of science, which allow for a
greater participation and science engagement in a social context.

4.2 Science Engagement and Participation

According to Liu (2013), a significant change in the orientation of scientific literacy and
its humanization requires a new vision that goes beyond Visions-I and -II, and it should
be characterized by what is called a “science engagement” since: “... the understanding of
science as well as its relations with technology and society by individuals is not enough;
active participation and dialogue among all citizens on complex issues are needed...” (Liu,
2013 p. 27).

Science engagement, in Liu’s perspective, refers to promoting active participation in the
public debate around science and the search for solutions to relevant socio-scientific issues
that the world is facing today, emphasizing the multidimensionality of science. Liu (2013)
assumes that, with the idea of science engagement, Vision-III preserves all the concep-
tual benefits gained by Vision-II (i.e., contextualizing science), but also are summed up
by another conceptual advantages as the closing of the gap between the two cultures (the
scientific and the humanistic, in the first place, but also between rich and poor, East—West,
science-technology, among others).

Science engagement is both “...a state and a lifelong process...” (Liu, 2013, p. 36) that
develops throughout life, and that can be expressed and measured gradually at levels or
domains which are defined differently according to diverse typologies that conceive scien-
tific literacy as a gradual, measurable, and discretionary concept.

Hodson’s typology (1999; 2003), for example, identifies four levels of mastery in scien-
tific literacy: level 1, in which it is possible to understand and learn science and technol-
ogy conceptually; level 2, in which it is possible to learn about science and technology, its
nature and relations with particular interests along with the different forms of distribution
of wealth and power; level 3, in which it is possible to do and practice science and tech-
nology; level 4, in which a science engagement is consolidated and expressed in socio-
political actions. Vision-III aims to reach level 4, that of greater science engagement, mani-
fested as an activist and transformative education (Bencze, 2017; Sjostrom & Eilks, 2018).
Other typologies that classify the science literacy process according to the level of science
engagement are those of Shen (1975) and Shamos (1995).

The different degrees of science engagement among the three visions also reconfigures
the role of students in scientific literacy. While in Vision-I students engage in science for
developing their intellectual capacity and for preparation of a science career, that is, they
are “pure science learners” (Liu, 2013, p. 29), in Vision-II, they engage in science for solv-
ing technological and societal problems, as “science advocates” (Liu, 2013, p. 29). In con-
trast, in Vision-III, students seek the best-informed solutions to complex social, cultural,
political, and environmental issues as “honest brokers” (Liu, 2013, p. 29), expanding the
range of options for decision makers.

Science engagement also means addressing science ethically. Vision-III encourages the
debates about science benefits and risks and analyzes the possibilities of its fair distribu-
tion and sustainable use (Santos, 2009). This feature makes Vision-III correspond greatly
with the SSI (socio-scientific issues) approach (Sadler & Dawson, 2012; Zeidler & Nich-
ols, 2009), perhaps the most popular proposal in STS education (Pedretti & Nazir, 2011),
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oriented to cultivating the humanistic aspects of science and students’ character formation
as future global citizens (Lee et al. 2013; Zeidler et al. 2019).

Regarding the relationship between the notions of participation and emancipation, it
could be stated that, although they are both diffuse and buzzwords, participation is, gener-
ally, one of the key indicators of the level of science engagement (DeWitt & Archer, 2017).
A higher participation in some social, educational, or cultural process will almost always
correspond to a maximum level of engagement (Montero, 2004), while a marginal partici-
pation will correspond to a lower or no engagement. As Fredricks et al. (2004) argue: “...
participation at the upper levels indicates a qualitative difference in engagement in terms of
greater commitment...” (p. 62). This means that both terms can be treated as interchange-
able concepts; however, they are not the same: engagement is a more comprehensive con-
cept than participation, and its conceptual treatment requires greater complexity, which for
the purposes of this article is unnecessary, since working with the notion of participation
is sufficient as a reflection or indicator of a greater or lesser science engagement (DeWitt
& Archer, 2017). Based on the contribution on school engagement elaborated by Fre-
dricks et al. (2004), authors such as Woods-McConney et al. (2014) and Grabau and Ma
(2017) suggested that science engagement is a multidimensional concept that comprises,
at least, three components: (a) the behavioral, which refers to participation in science or
science-related activities, both formally and informally; (b) the emotional, which embraces
(positive or negative) affective responses to science, but also attitudes in science, including
interest, boredom, happiness, sadness, and anxiety; (c) the cognitive, related to the extent
to which students are willing to develop science concepts and skills, their motivation, self-
regulation, and their interest and investment in learning and schooling. Science participa-
tion is therefore only one of the science engagement components (Woods-McConney et al.,
2014), related to *“...how individuals become involved in something or with someone, such
as science/scientist...” (Wong, 2016, p. 117); this notion has a behavioral nature, implying
the activation of particular actions, mainly the action of taking part in science, either as an
individual or as a part of a community (Bee & Kaya, 2017), within and beyond the context
of the school (DeWitt & Archer, 2017).

Science engagement involves taking more risks, greater spontaneity, motivation, and
creative action (Hoffman et al., 2005) with the processes of generation, distribution, and
use of scientific knowledge for individual and collective life. People engaged with science
seem most likely to get involved in a scientific enterprise with an uncertain outcome and in
which they have much at stake; seem to feel greater spontaneity and freedom to discover,
change, believe, and participate in processes of science; seem to experience an increased
motivation to take action and creative agency (Chang et al., 2007; Fredricks et al., 2004;
Johnston et al., 2015; Wong, 2016). Science engagement translates into greater opportuni-
ties to experience a more intense relationship with science in everyday life and this is, in
turn, results in a deeper participation in which personal and collective agency indicates a
greater conviction and deeper understanding of the relevance of science as a process of
generation, distribution, and use of scientific knowledge necessary, valuable and useful
for everyday life, and in particular, to cope with the challenges of the twenty-first century
(DeWitt & Archer, 2017; Grabau & Ma, 2017; Levinson, 2010).

4.3 Critical and Emancipatory Approach

Vision-III is also characterized by its rooting in critical theories of education, which
emphasize empowerment and the transformation of social power structures. This feature
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contrasts with Vision-I, in which the conceptual change approaches are predominant and
focused on the dynamics of students’ scientific ideas and their approach to formal scien-
tific understandings, and with Vision-II, anchored in the socio-cultural theories of students’
activity (Liu, 2013).

In this way, Vision-III could be identified with Hodson’s so-called critical scientific
literacy (2009), where the students’ engagement is geared towards socio-political action
to face global concerns and relevant societal problems (Sjostrom & Eilks, 2018). The
humanization of science is also reflected in the interest in developing the students’ capacity
to think critically about science and deal with scientific experience in a complex society
(Ravetz 1997; Norris & Phillips, 2016).

The incorporation of a critical position about science in Vision-III goes back to the con-
tributions made by Santos (2009). Inspired by Paulo Freire’s texts, Santos draws attention
to how scientific literacy, in the same way as all types of education, is not neutral and
should have a political agenda that includes the social contradiction and conflict present in
all societies and displayed in diverse issues such as unequal access to technology, its power
of domination, the oppressive context of technological markets, and almost in every single
aspect of modern societies in general. Santos takes from Freire the fact that human beings
are inserted within contexts of oppression and alienation and that literacy, in addition to
teaching reading and writing, should represent a possibility for transforming these condi-
tions of exploitation.

According to Santos, “a radical vision of scientific literacy” should contain “...a politi-
cal agenda to science education that would include issues such as unequal access to tech-
nology around the world, the domination power of technology, and the oppressive context
of scientific and modern technological society...” (Santos, 2009, p. 362). Thus, the devel-
opment of Vision-III recovers Freirean approaches, and deepens the educational engage-
ment to change oppression and alienation, humanizing school science and transforming the
inequitable social reality of the globalized world.

Fundamental to Vision-III, therefore, is the notion of emancipation, understood as
“eliminating oppression and creating conditions for effective agency” (Sjostrom & Eilks,
2018, p. 71); by becoming emancipated, students can become moral agents, responsible
and proactive citizens able to collaborate and communicate in order to participate in public
discourses and actions to resolve SSI in a manner that is fair, equitable, and committed to
the local and global common good (Lee et al., 2013).

Vision-III’s critical and emancipatory character is also present in its active, interdis-
ciplinary teaching strategies, situated in the uncertain and complex contexts of real life,
and oriented towards decision-making, ethical reflection, social action, transformation, and
empowerment. These strategies, as highlighted by Pedretti and Nazir (2011), are tradition-
ally outside the repertoires of science teachers aligned with Vision-I.

Vision-I strategies are transmissive, content-centered, and regard values and interests as
obstacles to science, relegating and avoiding controversial issues such as risk, uncertainty,
ignorance, and resilience, all characteristics of the VUCA world (Ravetz 1997; Bybee,
2016; Sjostrom & Eilks, 2018; Bennett & Lemoine, 2014).

Table 1 synthesizes the contrast among Visions-I, -II, and -III of scientific literacy and
depicts Vision-III as the fertile space for developing a transformative scientific literacy
and for breaking with the reproductive and transmissive character present in the first two
visions.

Table 1 is the result of merging the contributions made by Liu (2013) and Sjostrom and
Eilks (2018) and of problematizing the axis of the relationship between science and society.
Each vision proposes particular aims for scientific literacy, and based on them, the ideals
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and central dimensions for the process of science education are defined. Likewise, each
vision assumes a role for the student and gives preference to certain didactic strategies.
Thus, for example, as illustrated in Table 1, Vision-I is configured around a science thought
without society, isolated and focused on the conceptual and epistemological dimensions
of scientific enterprise. The theoretical approach of conceptual change is predominant in
Vision-I, and therefore, the main content in science school is scientific knowledge as the
main product of science, which must be taught mainly through transmissive strategies
aimed at information acquisition. Vision-II, on the other hand, as it integrates sociocultural
theories, considers science in its relationship with society, but this relation is limited as
much as society is only the context in which science happens. Didactic strategies in Vision-
IT emphasize the discussion and application of science in context, problem solving, and,
with this, the pragmatic dimension of science is promoted. It is important to say that in
both visions, I and II, the relationship between science and society remains distant. In con-
trast, Vision-III delves deeper into the ethical, social, and transformative aspect of science,
since it is thought of as constituting and being constituted by the society. While in Vision-
II society is conceived in a functionalist sense, in Vision-III, it is not yet clear if society is
conceptualized in a post-Marxist sense, namely, in conflict and contradiction beyond social
class. Rooted in critical theories, Vision-III is driven by the emancipatory ideal and, rather
than concentrating on the teaching of scientific knowledge and its application, the forma-
tive process encourages critical thinking and socio-scientific reasoning through SSI-type
didactic strategies, in which the notion of praxis is key as a measure of the materialization
of human agency, and as an action that constructs reality, thereby transforming the world.

From Liu’s (2013) perspective, these three visions depend on each other and should
mutually enhance each other; educational efforts should not focus on just one of them
and ignore the other two, as all three form a continuum. Vision-III’s core goal, Liu (2013)
argues, is to promote a more democratic and harmonious society through a stronger
engagement between science and society. Likewise, Yore (2012) maintains that Vision-III
has implications for general literacy for citizenship and daily life, since it demands engag-
ing in and with science participation (through confrontation and/or dialogue), without
excluding the implications of Vision-I, oriented to the academic preparation to pursue sci-
ence careers.

One of the main challenges for consolidating Vision-III is to convince responsible poli-
ticians, administrators, and teachers that scientific discourse and the learning of science
have a functional role in the public debate about issues related with science, technology,
society, and environment (Bencze, 2017); it is also relevant to show the unavoidable cogni-
tive symbiosis between the fundamental and derived senses of scientific literacy to achieve
the society we want, in which science is appreciated as one of the best ways to generate
reliable and robust knowledge (Yore, 2012).

Despite Vision-III’s conceptual advantages, it does not address the possibility condi-
tions required to materialize a scientific literacy sensitive to the diverse contexts of social
and cultural positions from which science students start an educational process and where
they live and give sense to science. An indigenous, female, lesbian, Latina student will
not have the same opportunities to deploy and realize a science engagement as a male,
white, heterosexual, European student. Consequently, it becomes urgent to scrutinize the
differential meaning of some conceptual components associated with Vision-III, such as
science participation and emancipation and, of course, its pedagogical implications in the
roles acquired by teachers and students in a science classroom.

This paper argues that if we want to ensure the continuity of science education and pro-
mote its public value, it is not enough to convince society of the functional and critical
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role of scientific literacy as proposed in Vision-III if this conviction does not go hand in
hand with a sound foundation of what scientific literacy means in the plural, diverse, and
conflicted contexts in which students live. With students living in unequal conditions of
oppression, science education demands a real belief in the relevance of creating new and
differentiated scientific literacy opportunities that truly guarantee that science participa-
tion and emancipation derived from school science effectively takes place for all students,
whose relations with science will be always situated at some point within this diverse and
conflicted society.

The present text advocates the theoretical need to critically analyze the notions of “sci-
ence participation” and “emancipation” contained in Vision-III, making use of tools from
the philosophy and sociology of education. These analytical tools allow us to emphasize
the conceptual biases and inaccuracies that are present when defining scientific literacy,
and that should be addressed in order to configure a set of future educational practices that
are more sensitive to the diversity of meanings of scientific literacy, and that consider the
structures of oppression that go through all socio-educational processes.

Given that not all students have the same conditions and opportunities for science par-
ticipation and emancipation, nor do they have all conceptions of scientific literacy or have
stopped to think and reflect on this point and its implications in educational practice, the
next section argues that having more precise and extended definitions of participation and
emancipation in the field of science education could be useful both to broaden our ana-
lytical frameworks, which allow us to make visible the different subaltern ways in which
members of diverse cultural communities and social groups establish relationships with
science, and also to design science teaching and learning experiences that are more plural,
inclusive, and sensitive to the different positionalities that science students occupy in the
social structure.

5 Is Scientific Literacy Really Equal for All?

In the previous section, the analysis of Vision-III shows that there has been an important
shift from a transmissive vision of scientific literacy to a transformative one, bringing the
aims of science education closer to those of citizen education (Bybee, 2016; Yore, 2012).
With this change, notions such as participation, emancipation, and social transformation
have been strongly included. Nevertheless, these notions have received a superficial treat-
ment and, consequently, some of their sociological, philosophical, and pedagogical impli-
cations have not been correctly addressed. This section argues that Vision-III does not deal
with the fact that the experience of science participation, emancipation, and social trans-
formation is lived differently and unequally according to variables like class, ethnicity, and
gender. There is no doubt that students have an unequal access to science education based
on gender, cultural background, and social identity (Mansour & Wegerif, 2013). It also
reveals that, depending on how emancipation is understood, there is a risk of reproducing
relationships of dependency between the emancipated and the emancipators.

A more critical and deeper approach to Vision-III could be enriched by considering the
analytical contributions of theoretical tools derived from sociology and philosophy of edu-
cation, among them: (1) the intersectional analysis of the notion of science participation,
which allows to account for how the structures of inequality and oppression that permeate
every educational process also condition and determine the meaning of participation, and
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(2) the philosophical analysis of the notion of emancipation, which needs to be defined
more precisely, since in the light of pedagogical reflection, it appears as a contradictory
and complex notion which conditions and determines teacher-student relations.

5.1 Science Participation: Brief Analysis from Intersectionality

Intersectionality cannot be understood if we do not first assume the existence of a system-
atic exclusion and oppression of individuals and groups that has become normal in society,
and therefore, an invisible practice (Sdnchez & Gil, 2015). The homogenization of diver-
sity, on the one hand, and social categorization, on the other, result in social and educa-
tional inequalities sustained by arbitrary hierarchies that legitimize the exclusion of some
groups and individuals who are simply considered sub-citizens, restricting their access to
the same educational, economic, social, political, and cultural opportunities and rights.

In the case of education, exclusion and oppression are historical, ideological, insti-
tutional, and embedded in culture in at least the following systems of power (Sensoy &
DiAngelo, 2017): (1) Racism: form of oppression associated with colonialism; (2) clas-
sism: associated with the capitalist economic model; (3) sexism: rooted in patriarchy.

Collins (2015) states that intersectionality is “...the critical insight that race, class, gen-
der, sexuality, ethnicity, nation, ability, and age operate not as unitary, mutually exclusive
entities, but as reciprocally constructing phenomena that in turn shape complex social ine-
qualities” (p. 2). Intersectionality represents a:

...new way of looking at social inequalities and possibilities for social change. See-
ing the social problems caused by colonialism, racism, sexism, and nationalism as
interconnected provided a new vantage on the possibilities for social change. Many
people came to hope for something better, imagining new possibilities for their own
lives and those of others... (Collins, 2019, p. 1).

Harris and Patton (2019) consider intersectionality as a critical analytic lens to inter-
rogate disparities in structures of inequality. Collins and Bilge (2016) propose intersection-
ality is “...a way of understanding and analyzing the complexity in the world, in people,
and in human experiences...” (p. 2) and “...a more sophisticated map of social inequal-
ity that goes beyond class-only accounts...” (p. 16). Cho et al. (2013) complement this
definition by asserting that intersectionality is “... an analytic sensibility [...] to explore
the problem of sameness and difference and its relation to power...” (p. 795). According
to Maina-Okori et al. (2018), intersectionality is a framework to deconstruct and disrupt
oppression, challenging hegemonic structures such as patriarchy, colonialism, capitalism,
and anthropocentrism that reproduce inequality and contribute to a continued environmen-
tal degradation, operating as systems of sociohistorical and economic domination (Esnard
& Cobb-Roberts, 2018).

In a deeper approach to the complexity of this concept, Collins (2015) and Collins and
Bilge (2016) reflect on how intersectionality has been conceptualized as everything, from
a paradigm, concept, framework, heuristic device, and theory; this heterogeneity is seen by
Collins (2019) as both an invitation to examine this concept from many different angles,
and as a sign of its dynamism (Collins, 2015). Despite this diversity, Collins and Bilge
(2016) identify six core ideas that constantly appear and reappear when people use this
analytical tool, providing guideposts for intersectional thinking: social inequality, relation-
ality, power relations, social context, complexity, and social justice. According to Collins
(2019), these core constructs (mainly relationality and social justice) uncritically circulate
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within intersectionality, and therefore, she warns us how these ideas must necessarily be
analyzed or critically evaluated in any research that takes intersectionality as an analytical
strategy.

Taken as a broad-based knowledge project, Collins (2015) has analyzed intersectional-
ity from three focal points: (i) as a field of study that refers to the conceptualization of its
history, themes, boundaries, debates, and directions; (ii) as an analytical strategy, i.e., as
a tool that provides new angles from which to produce knowledge (Cho et al., 2013), to
study inequalities in social institutions, practices, problems, and other social phenomena,
and to solve problems that people face (Collins & Bilge, 2016); and (iii) as a critical praxis,
examining the ways in which people produce and use it in their daily lives, and for doing
social justice projects by different actors. This multidimensionality of intersectionality has
also been expressed as a synergy and creative tension between a critical inquiry and a criti-
cal practice, mutually informing each other (Collins & Bilge, 2016). Similarly to Collins’
efforts, intersectionality has been characterized as a method, as a theoretical framework,
and as a form of praxis (Cho et al., 2013; Esnard & Cobb-Roberts, 2018): (i) as a method,
intersectionality offers a systematic way of recognizing structural overlaps in the social
interaction and the multiple forms and axes of oppression that could be adopted, adapted,
and developed within different disciplines; (ii) as a theoretical framework, this notion is an
approach that uses multiple axes to examine the social and permits to engage with a wide
range of issues (identities, power, discrimination, activism, among others); and (iii) as a
form or praxis, it seeks to formulate the basis of social change, from the point of view of
the experiences of injustice that confront marginalized groups (Cho et al., 2013; Esnard &
Cobb-Roberts, 2018).

Intersectionality—a term that emerged from feminism and was coined in 1989 by
K. Crenshaw'—as Viveros (2016) points out, avoids the risk of repeating mantras in
a depoliticized way, such as the multiculturalist one, so common in education (Collins
& Bilge, 2016), because it draws attention to the impossibility of separating different
forms of oppression. Intersectionality allows to account for power as a multidimen-
sional phenomenon and for the intersected and interwoven perceptions of these power
relations in oppression matrices, which are at the same time racial, sexual, or class
based.

1" A better understanding of intersectionality requires, from the point of view Collins and Bilge (2016), a
careful review of the genealogy of the concept in order to avoid suppressing part of its history by erasing
the activism to which it was linked from its origins outside of academia (a history that is frequently omit-
ted), and that rooted the foundational knowledges of women of color who contributed to this concept, and
that Harris and Patton (2019, p. 363) have named the “herstory” of this concept.

While it is assumed in academia that the term “intersectionality” was coined and introduced by Cren-
shaw in 1989 to demonstrate how US social structures frame identities as isolated and mutually exclusive,
resulting in the erasure of black women who hold multiple minoritized identities (Harris and Patton, 2019),
Collins and Bilge (2016) have specified that the origins of intersectionality date back much further, in the
1960-1970 social movements of women of racially minoritized groups.

Recalling this genealogy makes it easier to understand the link that intersectionality has with the develop-
ment of a radical and transformative social and educational agenda, because it reveals that at the center of
intersectionality, and beyond the intellectual interests, lies the praxis and the theme of social justice (Col-
lins and Bilge, 2016). In this sense, Tefera et al. (2018) and Rice et al. (2019) warn us how intersectionality
could be narrowly focused on issues of identity, forgetting that it is mainly a framework to examine and
question the power and oppression, and that the intersectional analysis must be committed to social justice:
“...intersectionality is not just a set of ideas. Instead, because they inform social action, intersectionality’s
ideas have consequences in the social world....” (Collins, 2019, p. 2).
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From the intersectional perspective, it is assumed that more than one category of
oppression is involved in all complex political problems and processes. In addition to being
intersected, oppressions are also consubstantial and co-extensive, because each one of them
leaves its mark on the others and is constructed in a reciprocal manner, and they all are the
result of micro- and macro-sociological articulations (Viveros, 2016). Thus, for example:

...Sometimes gender creates class, as when gender differences produce social stratifi-
cations in the workplace. In others, gender relations are used to reinforce social rela-
tions of race, such as when indigenous men are feminized or black men are hyper-
masculinized... (Viveros, 2016, p. 8).

According to Santos (2009), the greatest contribution of scientific literacy in Vision-
IIT would be to prepare citizens for freedom and to build a model of technological devel-
opment that, instead of sustaining and reproducing oppression, contributes to improving
the quality of life of the oppressed people, thus reducing iniquity. Nevertheless, the route
delineated by this author concentrates on an image of oppression determined by social
class, suppressing the infinite intersections and possible complexities of the structures of
injustice and inequality. This deletion also constitutes one of the main criticisms made to
Freire’s texts when he speaks of oppression (Walsh, 2019).

In the case of Vision-III, Santos (2009) focuses his criticism only on the capitalist
structure that sustains current scientific and technological developments, regardless of the
oppression matrixes that result when the axis of social class intersects with cultural (rac-
ism) or gender (sexism) oppression axes. It makes invisible the fact that opportunities to
participate and engage in and with science and transform society are not the same for eve-
ryone beyond the social class.

Intersectionality reveals that oppression cannot be reduced to one fundamental type, and
given oppressions work together in producing injustice (Collins, 2000), a couple of catego-
ries are crucial within an intersectional perspective: matrix of domination and domains of
power. The way intersecting oppressions are organized Collins calls (2000 p. 18) “matrix
of domination”; the way power works by producing particular patterns of domination Col-
lins names (2000 p. 203) “domains of power,” which constitute specific sites where oppres-
sions of race, class, gender, sexuality, and nation mutually construct one another. Formally,
Collins (2000 p. 299) defines matrix of domination as:

...the overall organization of hierarchical power relations for any society. Any spe-
cific matrix of domination has (1) a particular arrangement of intersecting systems of
oppression, e.g., race, social class, gender, sexuality, citizenship status, ethnicity and
age; and (2) a particular organization of its domains of power, e.g., structural, disci-
plinary, hegemonic, and interpersonal...

Collins and Bilge (2016) offer a distinction among the four interconnected domains of
power: (i) interpersonal, as discriminatory practices of everyday lived experience of people
relating to one another; (ii) disciplinary, as people encountering different treatment regard-
ing different institutional norms and codes; (iii) cultural, the set of ideas and ideologies
that provide explanations for social inequality; and (iv) structural, how intersecting power
relations of class, gender, race, and nation shape the social. Any particular matrix of domi-
nation is organized via these four interrelated domains of power, so each matrix of domina-
tion is a historically specific organization of power, within which intersecting oppressions
originate, develop, and inhabit; therefore, the domains of power reappear across quite dif-
ferent forms of oppression and diverse local realities (Collins, 2000).
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Consequently, all forms of oppression are interconnected, mutually reinforced, and
they perpetuate unequal distributions of resources, power, and privilege among social
groups. Given that diverse individuals and groups are situated at particular intersections
of oppression, they will have different perceptions, experiences, and configurations of
social phenomena (Collins, 2015), including of course, science.

This occurs with science participation, the most characteristic feature of Vision-III.
A more in-depth analysis of this idea from the intersectionality perspective provided by
sociology shows the need both to broaden this concept, so that all social groups have a
place in it, and to specify it in such a way as to facilitate the design and implementation
of concrete scientific literacy actions that truly respond to its programmatic content.

Martinez-Palacios and Nicolas-Bach (2016) argue that—behind the studies of social
participation—although there is a shared interest in claiming equal access of all social
groups to the decision-making processes, it is common to wield a false universality of
the notion of participation that prevents the effective development of democratic deep-
ening and, in the case of scientific literacy, the achievement of social equity and educa-
tional justice.

This false universality ignores the fact that participatory processes also function
according to the logic of the fields of power and that participation, under the intersec-
tional point of view, is crossed by different axes of domination (gender, race, social
class, age, among others) (Martinez-Palacios & Nicolas-Bach, 2016):

...participation does care about gender, but also about race, social class, educa-
tional level and age, among other social structures [...]; from which it follows that
no definition of participation is culturally neutral and universal; even if we use the
same concept we do not employ the same notion... (Martinez-Palacios, 2018, p.
371)

There is a diversity of meanings of what it is to participate, and these depend, among
other elements, on the theoretical positioning in the academic field of the agent who enun-
ciates them, and on his or her social position.

According to Martinez-Palacios (2018), there is inertia in the classic and critical theo-
ries of democracy, which do not include a reflection on oppression and do employ a restric-
tive notion of participation as synonymous with political participation, so participation is
reduced to the act of voting for the election of political leaders. When this universalized
and reduced idea of what it is to participate and deliberate is imposed, an act of power and
exclusion of those social groups who do not have the capacity to signify occurs.

Thus, for example, we recognize how different global statistics support that girls con-
tinue to be underrepresented in STEM subjects, and women continue to be underrepre-
sented in the STEM workforce (Hammond et al., 2020); however, these gender gaps, which
disproportionally affect the most marginalized girls, have been perpetuated in science edu-
cation probably because we do not have adequate frames that become visible and that make
it possible to imagine, register, and document the different and alternative forms women
do in fact have and would have to participate in science, showing their talent and potential.
Many female scientists are challenging gender stereotypes in science, resisting sexist prac-
tices and discrimination, but their ability to resist and rewrite the popular image of science
is often minimized, and when an alternative form of agency is not identified, nor registered
or named, simply does not exist, the participation of women is consequently diminished or
non-existent in many global reports.

In order to make visible the invisible and informal modes of participation, and thus
expand the scope of the concept of participation, Martinez-Palacios (2018) identifies three
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images of participation that map its conceptual diversity and reveal its theoretical and
practical implications on the educational field. These images are not static and configure a
dynamic continuum of mixing and transit among them: (1) a broad conception of participa-
tion; (2) a mixed conception; and (3) a restrictive conception of participation (Martinez-
Palacios, 2018).

In the broad conception of participation, any transformative act is identified as a participa-
tory act, and this includes those that traditionally have had a residual treatment: “...every social
act that is projected to build society is participation...” (Martinez-Palacios, 2018, p. 382). The
mixed conception of participation assumes that the hegemonic definition of this concept is
socially constructed and organizes and divides participation between that which is visible, rou-
tine, technified, public, and that which is invisible. The mixed conception recognizes these two
forms of participation but gives greater importance to the former.

Martinez-Palacios (2018) recovers the classification of Cunill (1991), who distinguishes
among (a) citizen participation (experiences of intervention by individuals in public activi-
ties to assert their social interests); (b) political participation (intervention in the structures
available to political systems); (c) social participation (which arises from the grouping of
individuals in society to defend their interests); and (d) community participation (oriented
towards sustaining the community). In this categorization, a distinction is made between
the participation to which everybody should aspire, which is considered formal, visible,
and with a universal vocation (political and citizen), and informal and invisible partici-
pation (community and social), which paradoxically supports the former, but frequently
occupies a residual and unrecognized place despite being essential to social life, since it is
through it—as Martinez-Palacios (2018) points out—that oppressed groups have been able
to learn and demonstrate skills to improve the life conditions of the family, the neighbor-
hood, the town, or the community.

The restrictive conception of participation draws a clear frontier between what is and
what is not participation and becomes it a synonym of political participation, excluding
and underestimating any intervention or informal activity linked or destined to the care of
the community. This conception condenses “...the illusion of the existence of a culturally
neutral and universal participation whose technical aspects are underlined, detached from
an interpretation or theory about power...”. (Martinez-Palacios, 2018, p. 381).

What does it mean to participate in science within Vision-III? No definition of scientific
literacy makes a deep reflection about this conceptual component. By not including a qual-
ification of how science participation is understood within Vision-III, and by not adjectiv-
izing it, it is highly likely that the only concept being considered as participation is the too
narrow notion that Martinez-Palacios (2018) characterizes as a supposedly universal notion
of participation, “...often used as a synonym for political participation, which would make
invisible other forms of participation linked to community or social solidarity, traditionally
carried out by women...” (p. 371).

In contrast with the higher education field, where intersectionality has made an increas-
ing contribution (Esnard & Cobb-Roberts, 2018; Harris & Patton, 2019; Nichols and
Stahl, 2019; Haynes et al., 2020), in the science education field, intersectionality has just
been examined, among others, in its relationship with political science faculties (Cabrera,
2014), medical education (Muntinga et al., 2016), mathematical education (Bullock, 2018),
geoscience education research (Matheis et al. 2019; Nuifiez et al., 2020), science identity
(Avraamidou, 2020; Castro & Collins, 2021), and in environmental and sustainability edu-
cation (Maina-Okori et al., 2018). According to Metcalf et al. (2018, p. 583) “...one rea-
son, apart from the lack of awareness, researchers have not yet adopted intersectionality
frameworks for studying STEM participation is that it poses methodological challenges...”.
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In geosciences education research, perhaps the field with a relevant progress in intersec-
tionality and science education, Matheis et al. (2019) examined the literature 2008-2018
around intersectionality and inclusivity, with particular interest in the underrepresentation
of white women and people of color of all genders in the geosciences. They identified three
primary themes that can be synthetized as (a) increased challenges to science as neutral,
(b) continued assumptions of meritocracy in higher education, and (c) assimilation as rep-
resentation. This last theme is relevant for understanding science participation as part of
the central argument of this paper, because Matheis et al. (2019) observed that there have
been many efforts to increase the representation of women and minoritized racial and eth-
nic groups in the geosciences, but these efforts attempt to change individuals in order to
assimilate them to the school norms; that is to say, these studies have been focused on
developing individual skills and capacities to increase success within existing structures,
without changing the norms and expectations of the science culture, and without challeng-
ing the common culture that structures science itself in educational institutions.

In a similar line of thought, Collins and Bilge (2016) discussed how intersectionality
as an analytical framework shed light on the underrepresentation within STEM fields of
girls/women and African Americans/Latinos. In their analysis, they propose that inter-
sectionality would increase attention not only on structural barriers to science that these
groups face, but also on how the same barriers are experienced differently; intersec-
tional analysis would change the understanding or the underrepresentation in science
fields, suggesting that it is more the organization of formal science education itself and
its different domains of power (cultural, interpersonal, structural, and disciplinary), and
not individual attributes (i.e., cultural capital) that predispose individuals from these
groups to higher science achievement.

Other contributions on the issue of the underrepresentation of certain groups in science
fields are Sparks (2017), Ireland et al. (2018), Metcalf et al. (2018), and Niiiez et al. (2020)
who have noticed how social factors, like gender, race, and ethnicity, have been heavily stud-
ied, but largely in isolation from one another, while others, like sexuality and disability, have
remained mostly absent from the research, policy, and practice. To broaden science par-
ticipation, they examine the underrepresentation in STEM fields of historically marginalized
groups, such as women of color, and apply the intersectionality lens to issue recommenda-
tions and expand equity in scientific fields as geosciences. These studies show an increasing
need to take advantage of intersectionality as a framework to register not only the barriers
that hinder science participation of disadvantaged groups, but also the diverse forms to par-
ticipate in science that could change the popular images of science and the traditional notion
of science participation that could be present in Vision-III of scientific literacy.

Introducing an intersectional perspective to Vision-III allows us to identify new ways of
exploring, understanding, and facing the problems of science education and also allows us
to make visible the fact that certain activities associated with science and are actually car-
ried out by historically excluded groups, are usually invisible or qualified as non-participa-
tion in science, and this is sociologically significant because a different form of participa-
tion is not the same as disaffection with science or as a lesser engagement. Intersectionality
problematizes, on the one hand, the importance of reviewing what is being registered as
an authentic science participation, and that could be omitting and excluding the different
subaltern forms of participation that different cultural communities could develop, or, in
fact, are already developing in science education. Introducing the intersectional perspec-
tive also allows us to create and propose strategies to reduce exclusion in science educa-
tion, and transform current literacy practices towards more just and accessible to all, with
which, depending on the interests and the rational of each culture, it would be possible to
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take advantage of the virtues of science as a social practice of common benefit for a diverse
society in which many injustices overlap.

Additionally, in multicultural contexts where science is not a hegemonic activity, I con-
sider that introducing the intersectional perspective into the conceptual analysis of scien-
tific literacy allows us to argue that participation in science should not be discussed under
the binomial of participate or not-participate; instead, it is necessary to have a broad con-
cept of participation that, taking into consideration the concrete analysis of social struc-
tures and historical and cultural dynamics of different groups, could include the multiple
ways in which different social and cultural communities, especially those structurally
excluded from science, could participate in science, improving their personal and collec-
tive lives, even when these forms of participation do not correspond to the hegemonic ones
(civic and political participation). To begin naming and recognizing this diversity in which
participation in science is expressed would facilitate the possibility of creating a new nar-
rative for science education, and would foster the design of innovative and more flexible
educational environments and science school experiences that also are more sensitive to
social and cultural diversities and more inclusive and motivating, so that the populations of
students whose lives are spent in environments much more distant from those sets of social
codes and norms in which many of the scientific practices take place could become more
involved and engaged in science.

Intersectionality, in the same way as critical education and particularly Vision-III revis-
ited here, considers social justice as central to its mission; however, as Collins (2019, p.
2) points out, it has not yet realized its potential as a critical social theory, nor has it ade-
quately democratized its own processes for producing knowledge. Using it as an analytic
tool might provide science education research with “...a more expansive lens for address-
ing the complexities of educational equity...” (Collins & Bilge, 2016, p. 188). Its core
ideas, such as power and its domains, enable this analytical tool with a huge potential to
refocus attention within Vision-III, on the structural organization of science schooling,
showing how intersecting power relations, in a contextualized and historicized way, shape
“...identities, social practices, institutional arrangements, and cultural representations and
ideologies...” (Collins & Bilge, 2016, p. 202).

In sum, the analytical tasks that intersectionality enable and strengthen for science liter-
acy research are (Dill and Zambrana 2009, cited on Nuiiez, 2014) (a) to situate as a starting
point for educational research the lived experiences of marginalized groups and the often
masked pedagogical biases; (b) to explore the social and cultural complexities of individual
and collective identities, recognizing those groups that are often ignored and essentialized;
(c) to unveil the ways in which domains of power interconnect with each other, organ-
ize, and structure inequality and oppression in science education fields; and (c) to promote
social and educational justice by linking critical inquiry and practice towards the eradi-
cation of oppressions and the advancement of a transformative agenda for the change of
social and educational institutions.

5.2 Emancipation: a Philosophical and Pedagogical Analysis

Emancipation is one of the other key components of the transformative vision of scien-
tific literacy, and to avoid conceptual ambiguities and mainly to be able to design success-
ful pedagogical actions, it is also necessary to add some conceptual accuracy for a better
understanding of the multiple senses of this term.
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The idea of emancipation is nodal in educational theories and practices, even more so in
those which considered themselves critical pedagogies (Biesta, 2010, 2017). Emancipation
is an ideal historically pursued, which has been transformed over time, to constitute the
utopia of transformative education in our days (Romo, 2016).

In emancipation, educators elevate the desire for students to become independent and
autonomous, to be able to think for themselves, to make their own judgments and conclu-
sions; this notion embodies the possibilities of changing the oppressive structures in which
students are inserted (Biesta, 2010).

Biesta (2010, 2017) reviews the historical changes to this notion and finds that emanci-
pation literally means to give away ownership (ex: away; mancipum: ownership). In Roman
law, it referred to the freeing of a son or wife from the legal authority of the father—pater
Sfamilias (Gross, 2010)—an imprint that marks its bond with education, in the sense that
emancipation defines the moment when a child (dependent) becomes an adult (independ-
ent). In more general terms, it refers to the freeing of someone from the authority or control
of another, which implies that the object of emancipation (person to be emancipated) is
released and becomes independent as a result of the act of emancipation (Biesta, 2010).

According to the Real Academia Espaiiola (Romo, 2016), emancipation is freeing from
any kind of subordination or dependence. From being used in relation to religion (sev-
enteenth century), emancipation shifted its focus to slaves (eighteenth century), and to
women and workers (nineteenth century). During the enlightenment, in the eighteenth cen-
tury and as a key concept present in Kant’s texts, emancipation became linked to the idea
of man’s release from his self-incurred tutelage, that is, from his immaturity or “...inabil-
ity to make use of his understanding without the direction of another...” (Biesta, 2010, p.
42). Becoming enlightened implied becoming independent or autonomous, and for Kant,
this autonomy was the ultimate goal for a human being, that is, the use of one’s reason, a
capacity that could only be possible through education. Following Biesta (2010), Kant dif-
ferentiated between immaturity and maturity and this distinction maps onto the difference
between childhood and adulthood; only through education can one move from one to the
other.

After World War II, it was assumed that there would be no individual emancipation
without a broader transformation of society, and this was central to the historical evolu-
tion of critical traditions of education during the 1960s (Gross, 2010). By occupying a key
position as a hinge between old and new generations, education became strategic to critical
theories, interested in analyzing the structures and practices of oppression, to argue that
emancipation would only take place by unveiling (or demystifying) the power relations in
which individuals are embedded (Biesta, 2010).

Biesta (2010, 2017) strongly criticizes the traditional notion of emancipation which,
contradicting its origin, ends up reproducing the power and hierarchical relations between
the agents who participate in a pedagogical relationship; instead, Biesta takes up and
reconstructs contributions such as those of Ranciere (2003, 2009) to delineate a different
and alternative approach to emancipation.

According to Biesta (2010, 2017), there is an argumentative strand within the criti-
cal tradition in which it is argued that emancipation can only be brought about “from the
outside,” that is, from a position uncontaminated by the workings of power; from this
point of view, emancipation functions as a process of demystification and liberation from
dogmatism. This line of thought goes back to Marxist notions of ideology and false con-
sciousness, in which to free ourselves from the oppressive functioning of power we need
to expose our consciousness to how power operates, but in addition, we need someone
else, whose consciousness is not subjected to the workings of power, to provide us with
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an explanation of our objective condition. That is, the truth of our objective condition can
only be generated by someone who is “outside” the influence of ideology (and, of course,
this “someone” could be science itself). Following Biesta (2010), the task of critical edu-
cators is to make visible what is hidden to those who are the object of their emancipatory
efforts; in the same way, the task of critical social science is to make visible what is hidden
from the everyday view.

Following this logic, Biesta (2010) highlights some philosophical features of emancipa-
tion that condition it and determine it to a certain pedagogical logic: (1) that emancipa-
tion requires an intervention from the outside by someone not subjected to the power to be
defeated; (2) that emancipation is based on an inequality and asymmetry present between
emancipator and emancipated; (3) that equality is the—future and expected—result of
emancipation, but not its starting point.

Biesta (2010) systematizes the contradictions of this emancipatory logic: (1) although
emancipation is oriented towards equality, independence, and freedom, it instills a depend-
ence on the emancipatory act; without intervention, there is no emancipation, and whoever
is emancipated depends on the intervention of the emancipator, who possesses knowledge
inaccessible to the former; (2) emancipation is based on a fundamental inequality between
the emancipator and the emancipated; the former occupies a superior position, since he is
the one who knows best and who can best perform the act of demystification required to
reveal the functioning of power; (3) emancipation is based on the distrust and suspicion of
the emancipator about the limitations of his own experiences, and this makes it necessary
for an emancipator to tell the emancipated the truth about what he is really experiencing,
about his situation and his real problems.

As an alternative to resolve these tensions, Biesta (2010) reminds us that the relation-
ship of dependence that is established with this idea of emancipation, and that is consti-
tutive of Western philosophy and social theory, has been questioned by Ranciere (2003,
2009), who shows that thinking of the emancipatory process in this way involves a logic of
dependence in which he who is emancipated remains dependent on the truth or knowledge
about their conditions of oppression that will be revealed by the emancipator.

For Ranciére, emancipation is escaping from a minority. With this alternative defini-
tion, he places, on the one hand, the act of emancipation in the emancipated because ...
nobody escapes from the social minority save by their own efforts...” (Biesta, 2010, p.
46), and, on the other hand, he links this act to a process of subjectification, which causes
a rupture with the established order. The emergence of a subjectivity through education
produces a declassification or desidentification, to the extent that the emerging (emanci-
pated) subject is declassified with respect to the social order through the exercise of his
or her rational capacity (Madrid 2012). Likewise, Ranciere assumes that equality is not a
goal to be reached with emancipation, but that emancipation acts on the basis of presup-
posing equality (of intelligence of all human beings), in order to maximize it: “...central to
emancipation, therefore, is the awareness of what an intelligence can do when it considers
itself equal to any other and considers any other equal to itself...” (Biesta, 2010, p. 55). His
proposal of the “ignorant schoolmaster” constitutes this instance of emancipation (Madrid
2012).

Besides the analysis made by Biesta (2010) about Ranciére’s work, we could add
the comparative studies between Freire and Ranciere (Biesta, 2017; Galloway, 2012)
which emphasize the importance of having to always specify how emancipation is con-
ceived when talking about it in education. Freire and Ranciere coincide in criticizing
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the modern logic of emancipation, but it should be noted that they came to similar
assumptions through different paths, and with different results. Galloway and Biesta
show that, depending on how oppression and emancipation are understood, these logics
will have different pedagogical implications on the character of the relationship that will
be established between teachers and students, and on the teachers’ role in the emancipa-
tory process.

Such implications are not explicit in the definition of scientific literacy proposed in
Vision-III, since there is not a precise description of the kind of emancipation that is neces-
sary to transform society based on students’ science participation.

Santos (2009) emphasizes that scientific literacy should include discussions about the
conditions of oppression present in the society where science is developed, since that is
the context where its humanistic character lies. Adopting the Freirean formula of reading
the world and sharing it with others in order to build and rebuild it, Santos proposes that
scientific literacy should consist of identifying the socially relevant issues to be discussed;
discussing them through dialogue, highlighting the contradictions that science has in soci-
ety, and debating the actions required for its transformation, committing students to these
socio-political actions—that is, to a political agenda. This logic, in which the student real-
izes “the objective facts” such as, for example, that few enjoy the benefits of technolo-
gies, while two-thirds of the world’s population cannot access them, or do not even have
the most basic conditions for a dignified life (Santos, 2009), seems to carry with it a lim-
ited emancipatory logic based on the dependence of superior knowledge possessed by the
emancipator, silencing the cultural difference in which science takes place. If this idea of
emancipation stays at the basis of Vision-III, it would be more difficult to achieve the trans-
formative aims that scientific literacy sets out to attain.

It is mostly in multicultural contexts that an expanded concept of emancipation is of par-
ticular relevance for science teaching, because it has played a prominent role in the colonial
process (Burke & Wallace, 2020); it is common in these contexts for science to present
itself as the only legitimate and emancipatory knowledge, competing and erasing the vari-
ous alternative forms of knowledge that have been generated outside the European scien-
tific matrix (Zidny et al., 2020) and excluding cultural diversity in the science classroom.
Approaching science as a liberating and emancipating force that frees humans from local
beliefs, myths, and ideologies in contexts where different forms of knowledge coexist (per-
sonal, popular, indigenous, traditional, rural, and mainstream academic knowledge) carries
the risk of reinforcing a scientism and a neocolonialism that are commonly expressed as
the educational effort of displacement, eradication, or substitution of alternative forms of
knowledge for scientific knowledge, regardless of the potential value that these alternative
forms of knowledge might have in the VUCA world to cope with the environmental, social,
and economic challenges that we currently face.

In order to achieve a transformative education that facilitates a sustainable future and
more just, equitable, and plural societies, I sustain that it is necessary to design scientific
literacy experiences that allow students to understand, value, and relate to the world differ-
ently in their everyday lives, not only through canonic scientific ideas, but (a) fostering the
dialogical and respectful exchange of diverse perspectives on the social and natural world;
(b) taking advantage of the best of the different alternative forms of knowledge; and (c)
cultivating their engagement, both with science and with their communities and cultures
of origin. As students are educated for emancipation, as Feyerabend said, “... they will
become scientists without having been taken in by the ideology of science, they will be
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scientists because they have made a free choice...” (Feyerabend, 1975: 310). In this sense,
scientific literacy for emancipation implies learning not only to read and write scientific
texts, but also the appropriation of the scientific language to express their own intentions
and to become authors and agents that define their own place in the social and natural
world; that means, scientific literacy is then a social practice and a tool for the self-con-
struction of one’s voice and place in the world (Hernandez, 2019).

6 Conclusions

In the aftermath of the pandemic, there has been a consensus among different countries
that scientific literacy is vital and strategic to meet the global challenges ahead. It is widely
accepted that scientific knowledge and scientific thinking are essential to participate in
democracy and, in general, to make decisions about global risks. However, the engagement
of children and young people with science subjects in school is continuously declining
around the world. Research suggests that cultural diversity issues lie behind this permanent
crisis in scientific literacy (Mansour & Wegerif, 2013), not only diversity in gender, social
class, and ethnicity, but also the diversity of ways in which new generations establish rela-
tions with scientific knowledge, and that go beyond opting to study a scientific career.

The diversity of individual and collective ways of living and relating to science means
that the meaning of becoming literate in science has been moving from a transmissive
and propaedeutic vision to a transformative vision engaged with socioscientific activism
(Bencze, 2017). However, the transformative vision continues to have some difficulties in
the way we conceive of it and concretize it into effective educational practice, if we do not
consider, from an interdisciplinary point of view, the diversity of meanings that its concep-
tual components could have, not only according to the contexts and communities in which
we live, but also according to the social roles that we choose or are assigned by others
(Mansour & Wegerif, 2013).

Different policy documents from OECD and UNESCO have been stressing the need
to prepare students for the VUCA world (Hadar et al., 2020), in which existing institu-
tions and social structures appear to be insufficient to overcome the new situations. The
VUCA world demands a science education that is more socially committed to the transfor-
mation of social oppression and a science education that broadens the agency capacity of
individuals and communities to take advantage of science in the generation of adaptative,
resilient, and sustainable responses to unpredictable changes of today. The preparation of
autonomous and emancipated individuals committed to participating in science must trans-
late into more opportunities to respond to the VUCA world, as it requires more flexibility,
resilience, and sustainability in decision-making and more creative actions that take advan-
tage of multiple ways in which the best of science and cultures could be used to achieve a
positive and necessary social change for a society in crisis.

The conceptual analysis presented in this paper intends to show the need to continue
rethinking and reconceptualizing scientific literacy in such a way that makes it possible to
recover its most fundamental sense but also including its derived sense in an interdiscipli-
nary manner more compatible with the diversity of conflicted, cultural, and social experi-
ences in which students and teachers are inserted and which, from the beginning, make
more or less incompatible their lives with the processes of science teaching and learning.

Given that not all the actors who define what scientific literacy is share the same senses,
values, and aims of what is socially desirable, the concept of scientific literacy remains
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multivocal and its understanding and evaluation requires a more precise identification
about the axiological, sociological, ethical-political, and pedagogical commitments that
are behind each conception proposed for this term, insofar as these conceptions express
“...programs of action...” (Norris et al., 2014, p. 1319).

Science participation and emancipation are not homogeneous, and students are not an
undifferentiated mass of people that exists beyond social divisions of race, gender, age,
among others; unmasking positions and power is relevant to broadening the scope and under-
standing of the components of Vision-III of scientific literacy.

Throughout this text, there has been an argument for the need to recover the funda-
mental sense of scientific literacy, on the one hand, and on the other, for the need to
deepen and strengthen its derived sense, introducing in it an intersectional and emanci-
patory perspective that by definition is anti-scientificist, antiracist, and anti-neocolonial-
ist. When certain facts of educational reality do not fit into the current conceptual frame-
works, it is necessary to rethink these frameworks and propose the incorporation of new
ones. Adding extended concepts of participation and emancipation would contribute
to make visible and make it possible to recognize the diversity of actors, of emerging
practices and activities committed to science, whose agency is not only challenging the
hegemonic image and the dominant system of science, but also is rewriting the whole
of actions that actually function as producers of innovative and unique solutions to
social problems, based on science and at the same time on different forms of knowledge,
which together configure new plural and dialogic scientific practices, refreshing science
education as a motor for social and community transformations, mainly in structurally
vulnerable and unseen contexts, that frequently are excluded from the more traditional
views of scientific literacy.

Science is more than the declarative knowledge it generates, and the fundamental
sense of literacy reminds us the essential role, now diluted, of scientific texts, and
it also allows us to acknowledge the social and epistemic functions of reading and
writing science as social, interactive, iterative, regulated, and negotiated practices in
which substantive scientific knowledge is constructed. Reading and writing in the sci-
entific disciplines implies teaching and learning strategies for understanding, inter-
preting, reinterpreting, analyzing, criticizing (Norris & Phillips, 2003; Norris et al.,
2014), and, of course, elaborating scientific texts, and this is what their fundamental
sense points out.

Likewise, in its derived sense, scientific literacy is a potential tool for social transfor-
mation, and it certainly requires the participation of all citizens and their emancipation.
But not of a limited participation narrowly conceived as a synonym of formal, political,
and citizen participation, but of a more inclusive participation that makes visible the
invisible and informal contributions of diverse social groups that have been historically
vulnerable and usually excluded from science and technology. Similarly, to be trans-
formative, scientific literacy requires a commitment to an alternative notion of emanci-
pation that avoids generating dependencies that assign, in a contradictory way, roles of
superiority to science teachers and to science itself that are mostly frequent in multicul-
tural contexts.
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