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Abstract

Scientific literacy is still being identified and recognised as one of the main goals of science
education. However, this concept has multiple interpretations and its definition changes
continuously depending on its social, cultural, and political contexts. In this paper, scien-
tific literacy is conceptualised through visions I, II and III. The first one is focused on the
content and scientific processes for its subsequent application; the second, with a focus on
understanding the usefulness of scientific knowledge in life and society; and the third one
seeks to move towards a politicised scientific education to dialogic emancipation, attending
social and eco-justice dimensions. The latter is also called critical scientific literacy. The
research aimed at analysing how scientific literacy and these three visions are expressed in
school curricula of Bolivia and Chile. Using a qualitative approach and thematic analysis,
it is established that the Bolivian curriculum presents mainly a critical scientific literacy
approach and the Chilean science curriculum presents mainly a vision II of scientific lit-
eracy. Findings of contrasting both school curricula show science education as non-neutral
and profoundly political field, and therefore, we can see relevant opportunities for transfor-
mation and emancipation, understanding science curriculum as a social practice.

Keywords Scientific literacy - Science curriculum - Thematic analysis

In recent years, special attention has been placed on the teaching of “natural” sciences,
whether because their topics intersect with daily life, as in the case of the construction of
a personal stance on COVID-19, or because of its articulation with collective positions
about socio-environmental issues (Furman 2018). In addition, it is imperative to train more
scientists and citizens who are capable of understanding and acting on those situations that
require scientific knowledge to be solved (Dillon and Avraamidou 2021). This reality poses
the following question: What should the goal of science education be? The answer can
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range from the simple need to transmit scientific knowledge as a way of preserving part of
human culture to facilitating the acquisition of the skills that will allow people to critically
intervene in their proximal reality (Massarini and Schnek 2015).

At the end of the 1950s, the concept of scientific literacy (SL) was proposed as an
answer to the goals of teaching science. SL has been conceived in different ways, focus-
ing on different elements, and becoming a polysemic concept (Ozdem, Cavas, Cavas,
Cakiroglu, and Ertepinar 2010; Hodson 2011; Massarini and Schnek 2015; Sjostrom
and Eilks 2018; Balastegui, Palomar, and Solbes 2020). Therefore, when we talk about
literacy in science education, it becomes necessary to establish the perspective from
which one is addressing it. It is possible to determine Visions I and II established by
Roberts (2007) and Vision III by Sjostrom and Eilks (2018). The first vision is centred
on the scientific processes and content for its latter application. The second is focused
on understanding the utility of scientific knowledge in life and society. Finally, the third
vision transcends the two previous ones and seeks to promote scientific education that
aims at dialogic emancipation and socio-environmental justice. It is fundamental to
determining a position on scientific literacy to choose not only the most coherent teach-
ing models or approaches but also to guide the establishment of the scientific knowledge
that students must achieve in the classroom, which is normally stated in curricular docu-
ments. Therefore, determining a vision for scientific literacy can guide the construction
of the curriculum and basic educational hypotheses.

Due to the environmental crisis and its negative consequences, particularly in Latin
America, Barcena, Samaniego, Peres and Alatorre (2020) suggested that consideration
should be given to curricular topics on natural sciences that are related to environmental
issues and critical thinking skills. However, beyond this, they should also be focused
on action and transformation, based on key elements of Vision III of scientific literacy.
Whatever the vision, the truth is that many countries—including 19 Latin American
countries—have addressed the challenge of including the concept of scientific literacy
as a core structural element in their school curricula documents (Gil and Vilches 2001;
UNESCO 2020). However, there is little evidence and research about how these con-
ceptualisations and visions are integrated into the curriculum in Latin America. Addi-
tionally, very few studies provide a critical analysis regarding how the economic and
political systems of a nation are articulated with the curricular visions and hypotheses in
scientific literacy.

Therefore, in this paper, we seek to fill this gap. To do so, we analysed the school cur-
ricula of Bolivia and Chile. The main reason for selecting these two countries is their very
contrasting recent political philosophies. Bolivia, on the one hand, places indigenous com-
munities at a central position in the organisation of a plurinational and social unitary state
and the development of a constitution based on interculturality, anti-imperialism, anti-cap-
italism, and the enshrining of the natural world’s rights with equal status for Mother Earth.
In the case of Chile, the political system is based on commodification and an extreme neo-
liberal tendency, installed during 1970s Pinochet’s dictatorship. Considering that Bolivia
and Chile have very different political hypotheses, the following research question was
posed for this research:

What are the scientific literacy visions present in the school science curricula in
Bolivia and Chile?

The general objective of this paper is to analyse and compare the visions of scientific
literacy present in the curricula in Bolivia and Chile, and the specific objectives are: (1) to
analyse scientific literacy in Chilean school curricula documents, (2) to analyse scientific
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literacy in Bolivian school curricula documents, and (3) to contrast and examine the sci-
ence school curricula visions of scientific literacy of Bolivia and Chile, considering their
political positions.

This paper is set out as follows. The next section (Section “Scientific literacy”) provides
an overview of the conceptualisation of scientific literacy, describing and analysing the
main visions of the concept. Following this argument, we examine the connection of sci-
entific literacy with curriculum and politics, specifically highlighting the context in which
the concept has been developed in Bolivia and Chile. The paper’s research methods are
then outlined in Section “Methodology”, where we describe the data corpora, stages of
research, and the process of analysing the curriculum science documents. Section “Find-
ings” presents the results of this research project, with a primary focus on science teaching
purposes within science curricula in both countries. Finally, in Section “Discussion and
conclusions” we discuss similarities and differences between Bolivian and Chilean science
curricula, in conjunction with conclusions about approaches to scientific literacy and its
relationship with the political contexts of each country.

Scientific literacy

Arguably, SL is today synonymous with science education (Queiruga-Dios, Lépez-Iiiesta,
Diez-Ojeda, Saiz-Manzanares, and Vazquez Dorrio 2020). For many educational policy-
makers, researchers in science education, and science educators, SL is a fundamental factor
in the development of individuals and communities, and it might be even more relevant in
times of planetary crises. However, typically, the discourses that address the conceptualisa-
tion of SL are closely related to paradigms and ideologies. Moreover, the lack of education
in sciences is related to the lack of opportunities and exclusion from political and social
discussions about socio-scientific issues that have an impact on the democratic decision-
making processes and the insertion of individuals in the current society of information
(Fourez 1997, Roth and Barton 2004; Yacoubian 2018). In Latin America, since the 1990s,
there has been an intent to place scientific literacy as the core purpose of natural science
teaching. This is evident both explicitly and implicitly in the current curricula of the 19
countries in the region (UNESCO 2020).

Nevertheless, the meaning of SL in Latin America is interpreted in multiple ways, and
it is a complex conceptualisation, under construction, which has been discussed since the
end of World War Two (Balastegui, Palomar, and Solbes 2020; Hodson 2011; Massarini
and Schnek 2015; Ozdem, Cavas, Cavas, Cakiroglu, and Ertepinar 2010; Shamos 1995;
Sjostrom and Eilks 2018). This concept is typically associated with the purpose of science
education and is often used as a slogan with little clarity about its substance (Sjostrom and
Eilks 2018; Gil and Vilches 2001).

Vision | of SL: Science for future scientists

This first approach of SL corresponds to what Roberts (2007) called Vision I, centred on
the conceptual knowledge of science, its internal processes, and methods, promoting a kind
of science for future scientists, where science is shown without society (Valladares 2021).
Therefore, it is expected that through education, there can be a theoretical understanding
of the scientific issues of the phenomena considered essential (typically far from daily
life), with a focus on the training of future professionals related to the natural sciences
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(Massarini and Schnek 2015; Vilches, Solbes, and Gil 2004; Valladares 2021). This way
of understanding SL connects the purpose of science education with training aimed at the
propaedeutic level (serving as a preliminary instruction for further study in science) or a
useful orientation towards the economic growth of nations (Hodson 2011). In this vision
of SL, conceptual development or learning the scientific culture is central (Massarini and
Schnek 2015), pushing aside issues related to the nature of science, scientific skills, pro-
cedures, or attitudes (Hodson 2011). This vision of SL seldom originates or can relate to
teaching approaches in which scientific knowledge is useful to understand everyday science
or can transition from traditional teaching models towards socio-constructivist ones, which
results in a dogmatic and decontextualised teaching of natural sciences (Fourez 1997). This
vision of science that is out of context and not oriented towards solving everyday problems
or transforming society could be causing the low interest of students in learning natural
sciences, in addition to missing out on the opportunity to develop necessary skills for an
active life regarding citizenship in democratic systems.

Vision Il of SL: Science for all

A second proposal for scientific literacy of SL corresponds to what Roberts (2007) called
Vision II, which addresses the interrelation between science and how that knowledge is
linked to everyday issues, where the aim is the application of scientific knowledge in life
and society (Valladares 2021).

Vision 1I, as proposed by Fourez (1997) and Gil and Vilches (2001), considers that
the education of all people should be included (“science for all”’) so that they can partici-
pate in political discussions related to scientific issues. It is stated that science education
must be useful so that all can understand the everyday phenomena related to scientific and
important social issues (Fourez 1997; Gil and Vilches 2001; Valladares 2021). This is how
the teaching of science begins to touch spaces that were not considered by the previously
explained vision. From this vision emerges the need to use teaching models that are related
to the context of the students and the development of critical thinking skills so students
and future citizens can make personal decisions on relevant scientific issues. In addition,
this vision explores and looks at the outside of scientific processes, in situations in which
science has a role, for example, decision-making on socio-scientific issues or controversies
(Roberts 2007), not reaching the point, however, of action or the promotion of activism.

Vision Ill of SL: Science for transformation

A third proposal includes not only the ability to understand and make personal decisions,
but also to build collective actions that allow the solving of real problems (Hodson 2011).
This way of interpreting scientific literacy would allow individuals not only to understand
scientific knowledge but also to establish values and higher ethics together with others for
decision-making (Hodson 2011). This vision is related to the common good and justice and
proposes that if weak or fragile scientific literacy is developed, it would contribute to produc-
ing technocratic societies in which citizens would not participate democratically in science-
related matters (Fourez 1997), and their political systems would become weak. From this
perspective, scientifically literate citizens would have power within societies (Fourez 1997).
Scientific literacy oriented towards the construction of citizenship has incorporated the notion
that scientific knowledge brings power and responsibility about reality with it (Marco-Stiefel
2004). From this perspective, scientific literacy would collaborate with the establishment of
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the concept of citizenship. Along the same lines, Marco-Stiefel (2003) considered that edu-
cation for citizenship should have the purpose of training responsible and autonomous indi-
viduals who will actively influence the democratic processes that consider local and global
dimensions, and a concern for ecology, pacifism, and solidarity. In this way, with this vision
of scientific literacy, socio-constructivist approaches to teaching become coherent, associated
with teaching strategies framed within socio-scientific issues (Massarini and Schnek 2015)
and collective development that seeks to promote action and activism.

This third vision of SL corresponds to what Sjostrom and Eilks (2018) call Vision
111, which examines how this scientific knowledge is transformed into a critical practice,
towards eco-justice, emancipation, and, above all, transformation. According to what is
proposed by Hodson (2011), Vision III could be collective, and be named a critical sci-
entific literacy. It is worth going into depth regarding the conceptualisation of “critical”.
When referring to this concept, we are talking about the ability to reflect on the world from
a transforming and emancipatory perspective of existing hegemony (Hodson 2011; Val-
ladares 2021). Rodriguez (2019) incorporated the idea of conceiving literacy as a critique.
When the construction of subjectivities and the transformation of reality are considered,
critical scientific literacy should also take on cultural and social transformation. As men-
tioned by Rodriguez (2019), when making the relation between linguistic and critical sci-
entific literacy, the act of reading is not merely decoding what is written in a text but under-
standing the relationship the word has with its everyday world. The same would apply to
scientific content, where it would not be enough to understand scientific concepts if it does
not lead to understanding reality, so the relationship with the context is essential.

Roth and Barton (2004) profile a critical scientific literacy that develops in spaces that
seek to break hegemony, generating struggles between groups with different power where
they emerge from collective practice. When considering these characteristics of scientific
literacy, science is shaped as something closer to the reality of its nature: socially built
and determined, changing in the face of new evidence and with consequences for societies
(Hodson 2011; Valladares 2021). In relation to its teaching, this vision of scientific literacy
brought to the school requires a socio-constructivist approach, with the use of methodolo-
gies centred on socio-scientific problems and transdisciplinarity where different disciplines
are integrated to search for solutions, using open questions of local and global relevance
(Roth and Barton 2004; Valladares 2021). This scientific literacy focusses its implications
for teaching distance themselves from a conventional or functional vision, where learning
is individualistic, and the individual does not relate constructively to society (Roth and
Barton 2004). It becomes evident that in this proposal, the critical scientific literacy con-
figuration established points of encounter between science education, politics, economy,
environment, citizenship, and even a moral and ethical dimension.

Finally, the focus of this study is the way in which discourses of school curricula are
built, being able, or not, to contribute to providing a structured balance to key learning
considered relevant for the education of both scientists and all citizens (Membiela 2002;
Vilches, Solbes and Gil 2004). This means that the established vision of scientific literacy
determines, at the same time, the logic that should be considered in school curricula docu-
ments and the approaches and strategies for teaching and learning natural sciences that
would be implemented (Guerrero and Torres-Olave 2022). Therefore, if a change in teach-
ing is pursued, a change of vision in the purpose of teaching is necessary; this is a change
in the direction or visions of scientific literacy.

Here, school curricula should not only focus on scientific conceptual development, but
also on elements such as scientific procedures, the nature of science, and topics about the
relationship between science, technology, society, and the environment (Vilches, Solbes,
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and Gil 2004). Roth and Barton (2004) added that this curriculum should promote the
building of communities that go beyond the school, where knowledge becomes collective
and distributed to exercise democratic actions of decision-making regarding topics related
to the interests of its members. This would help shape a scientific literacy that is in tune
with social and political dimensions and committed to social responsibility service. There-
fore, we can establish the need for the construction of a curriculum that aims at critical
scientific literacies, that is, that includes critical citizen education, so that doing science
will relate in a reflective manner to citizens’ local and everyday concerns and issues (Roth
and Barton 2004).

Curriculum and politics

The curriculum can be understood according to the words of Gimeno (2010) as follows:

The cultural content that educational institutions intend to promote among those who
attend them, as well as the effects that said content causes in their receptors ... its
configuration and development encompass political, social, and economic practices,
production of didactic resources, administrative and control or supervision of the
educational system, etc. (p. 12).

Gimeno (2010) also stated that:

The curriculum is a text that represents and presents aspirations, interests, ideals,
and forms of understanding their mission in a very specific historical context, from
where decisions are made and paths are chosen, that are affected by general political
options, economical options, belonging to different cultural means, etc. (p. 15).

It is relevant to mention how Gimeno (2010) establishes the direct relationship that
exists between the curriculum itself and the important influence that politics has on it.
However, each educational process should ask itself what to teach and why it should be
taught. Both questions can be answered through the curriculum (Gimeno 2010). Each
country organises this knowledge and its purposes in curricular documents that serve as
organisers of learning objectives in the teaching and learning processes that teachers will
later apply to their practice. Then, the science curriculum is a political hypothesis but also
a social practice (Guerrero and Torres-Olave, 2022).

It is necessary to organise what to teach as the first curricular question. From here, dif-
ferent perspectives can arise depending on how the curriculum is understood as an instru-
ment to answer this question, without the need for one to exclude others. This is how the
perspective of the curriculum as cultural mediation makes sense for this research; here it
is understood that the curriculum is constructed from the social characteristics and ten-
sions of each historical moment, the place in which the purposes of formally schooled edu-
cation are built (Villegas 2017), and the science curriculum is a product of relationships
with politics (Guerrero and Torres-Olave 2022). The curriculum reflects existing power
tensions in societies and the dominant values regarding pedagogy and education. There-
fore, the curriculum becomes a space of conflict between the different power positions in
society, which could result in a replicator or amplifier of the circumstances that determine
the power groups (Villegas 2017). From the perspective of the curriculum as cultural medi-
ation, it is possible to establish that it will never be neutral but will be impregnated with
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the positions that build it, such as the political positionings that surround its design. There-
fore, it is necessary to evaluate the political contexts of the countries that generate science
curricula.

Politics and the education system in Bolivia

Bolivia is currently defined as a plurinational state, with an explicitly declared anti-impe-
rialist and anti-neoliberal position (Ducoing and Rojas 2017). The government of Evo
Morales marked not only the return of the centre-left but also placed indigenous communi-
ties in a central position in the organisation of a social unitary state subject to plurinational
law, independent, sovereign, democratic, intercultural, and decentralised. The neoliberal
model is substituted by community socialism, and attributions related to territorial autono-
mies are increased. All of this has been shaped by the frame of constitutionality (Ducoing
and Rojas 2017). In addition to this, an educational revolution took place that sought eman-
cipation and decolonisation from an anti-imperialist perspective. This is the result of the
collaborative construction of social and ethnic organisations (Ducoing and Rojas 2017).
It was included in the education law ‘Avelino Sifiani—-Elizardo Pérez’, issued in 2010,
which guides towards an education that is revolutionary, liberating, and transforming of
unequal social structures and of the nation’s productive matrix, an education of resistance
to homogenisation, to face the capitalist civilising crisis.

The Bolivian curricular proposal originates from the democratic and cultural revolu-
tionary movement of 2007, from which the productive socio-community educational
model derives (Ducoing and Rojas 2019). This model has implied a change in the vision of
development of the country, where it is proposed to move from the neoliberal model to a
balanced and complementary coexistence based on the plural economy, and greater promo-
tion of social policies, with respect for the environment recognised as Mother Earth (Villa-
fuerte, Romero, Landa, Davila, Rocha, and Rada 2016). In terms of the production model,
this change aims to move the economy from one based on the private sector, which exploits
natural resources for export without further consideration for environmental issues, towards
a plural economy, controlled mainly by the state, with private, community, and state actors,
where natural resources are administered by the state, and which aspires to be an exporter
of natural resources industrialised by the state, where food security and energy sovereignty
are considered, and where environmental issues have much greater relevance (Ministerio
de Planificacion del Desarrollo 2013).

Consistently, in the Bolivian secondary education curriculum, we find the follow-
ing guidelines: (a) holistic and integrating vision; (b) productive vocation; (c) commu-
nity vision; and (d) decolonisation. These take shape around the natural sciences in the
field of Life, Earth, and Territory, a space that seeks to train men and women with critical
awareness about living together with the Earth and the cosmos through the development of
respectful productive practices of life and environment. The areas that form this dimension
are geography, biology, physics, and chemistry (Ducoing and Rojas 2017).

Politics and the education system in Chile
Since the 1980s, with the civic-military dictatorship, Chile has developed a system of com-

modification and an extreme neoliberal tendency at a political level that has transcended
the education system (Bellei and Muifioz 2021). This has continued to this day, despite the
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changes that the student revolts of the first decades of the 2000s attempted to bring out
introduce (Elértegui, Arancibia and Moreira 2020; Ruiz, Reyes, and Herrera 2019).
According to Harvey (2005), neoliberalism is:

a theory of political-economic practices that states that the best way of promoting
human wellbeing is to not restrict the free development of capacities and entrepre-
neurial freedom of individuals within the institutional framework that is character-
ised by strong private property rights, free market, and free commerce. The role of
the government is to create and preserve the appropriate institutional framework for
the development of these practices (p. 6).

Neoliberalism affirms that individual freedoms are maintained due to market freedom.
The government that is protected by these practices is a neoliberal one, in which freedom
is the reflection of the needs of businesses and private property, multinational companies
and financial capital (Harvey 2005; Elortegui, Arancibia and Moreira 2020). The economic
model, installed with the Pinochet dictatorship (1973-1990), is also characterised by being
highly globalised, with a very small state, where health, education, and social security are
merchandise that is traded in the market, contributing to perpetuating the equitable distri-
bution of power and wealth (Hofer 2020). The Chilean economy is characterised mainly by
the exploitation and export of natural resources (copper, fishing, wood, agriculture) with-
out productive diversity, which has favoured extraordinary income for large businesses.
Although the current government has proposed to diversify the productive and export
matrix of the country, with special emphasis on the quality of employment and the protec-
tion of the environment (Ministerio de Economia, Fomento y Turismo 2022), this trans-
formation requires ending the subsidiary state and having political representatives who
answer to the citizenry and not to economic groups, which becomes complex, given the
transversal acceptance of neoliberalism and the control of politicians by economic groups
(Hofer 2020).

School has not escaped the neoliberal ideology, giving way to what could be called a
neoliberal school. Such schools are characterised by their goal of training individuals for
business needs, training the professionals they need, in addition to being controlled by
the market. Therefore, the school that used to be public became another service within
the economic network, and the freedom for families to choose according to their finan-
cial condition was guaranteed, causing an even greater gap in social inequalities (Gutiérrez
2010; Bellei and Muiioz 2021). The globalisation of the neoliberal in education has also
resulted in its hypotheses permeating the process of determining educational and curricular
standards, and those relate to the purpose of school and higher education (Gutiérrez 2010;
Torres 2008). The foregoing has resulted in a highly fragmented, privatised, and socio-
economically segregated school system (Bellei and Muiioz 2021), in addition to precarious
conditions for teachers and student learning as a result of work overload, as well as control
and excessive curricular content (Melo 2021). Additionally, in recent years there has been
an exponential increase in immigration, so the school system, in addition to facing great
inequality in the social and economic access to knowledge and opportunity fields (Castillo
and Salgado 2018), must also take care of increasing diversity (Silva, Llafia, Maldonado,
and Baeza 2018).

The primary and secondary education curriculum in Chile is organised into subjects that
must address personal and social dimensions, knowledge, and culture. Proposed learning
objectives should allow the development of skills, contents, and attitudes associated with
them in each subject. In the case of the science curriculum for secondary education, this is
divided into core themes: biology, physics, and chemistry.
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Methodology

The present study adopted an interpretative qualitative framework for data analysis. The
school curricula for both Chile and Bolivia were analysed using principles of reflective
thematic analysis (TA), as outlined by Braun and Clarke (2021). An inductive approach
to reflective thematic analysis was adopted to ensure that the themes generated during the
analyses reflected the content and inherent themes of the documents. TA was employed for
the data analyses for three key reasons: accessibility, flexibility, and logistics. First, unlike
other qualitative methods, TA essentially provides users with a set of tools (e.g., practices,
techniques, and guidelines) through which they can engage with and interpret their data,
allowing researchers to adapt the tools and processes in accordance with the nature of the
data and their needs. In the present study, TA allowed for a robust and thorough examina-
tion of a large cross-nation data set, summarising the key features while providing a rich,
intricate, and detailed account. Second, using an inductive approach allowed the research-
ers to draw out key inferences from within the data without imposing an external frame-
work (see King 2004). Finally, employing TA allowed the researchers to be thorough while
being aware and considerate of temporal constraints. Based on these previous key reasons,
TA is useful to contrast two corpora of data (school curricula) from two countries.

To undertake this analysis process, we followed a series of stages. The first phase was
related to data familiarisation; in this case, the reiterated reading of the texts in curricu-
lar documents of Bolivia and Chile. The second stage looked for relevant data to generate
codes, establishing the nodes for this research that relate to the theme of the investigation;
the same reference or data could belong to more than one code and the explicit or implicit
intention of the data was determined. In the third stage, themes were built around data
and codes (nodes), constructing themes in this research. As a fourth stage, there was a
review of the logic among themes and their relationship with data and codes, generating
theme maps on the purpose of teaching natural sciences and how this was expressed in the
declared knowledge to be taught in the Bolivian and Chilean curricula. In the fifth stage,
clear names were determined for each theme. In the sixth phase, extracts (references for
this research) were selected to relate them to the research question, and finally, in stage
seven, this present report was elaborated. A summary of the research stages is shown in
Fig. 1.

The data corpora used were the school curriculum documents for natural sciences
distributed by the Ministries of Education of Bolivia and Chile. In the case of Chile, the
curricular basis from seventh to tenth grade of natural sciences in 2015 was analysed
(MINEDUC 2015) and the Natural Sciences Curricular Prioritisation of 2020 (MINEDUC
2020). For Bolivia, the data corpora were the curricular texts: Curricular Basis of 2012
(MINEDU 2012), and Community and Productive Secondary Education, Categorised
Study Programmes for Bolivia 2021 (MINEDU 2021). For all the texts, there was an analy-
sis of all ideas that are explicitly or implicitly present in relation to the purpose of teach-
ing the natural sciences. Theoretical support for each document was analysed, as well as
the declared positions and knowledge to be taught. The studied educational levels for both
countries are those that correspond to students aged 13 to 16, which is equivalent to sev-
enth to tenth grade in Chile and first to fourth years of secondary school in Bolivia.

For this research, reliability was achieved by developing expert peer judgement car-
ried out by the three authors of this paper. We analysed the categorisation and formation
of nodes from the studied data and judged them as consistent with the development of
themes. The validity of this research was fulfilled thanks to the thematic analysis rigour
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Stagel
Familiarisation
and engagement Stage 2
with data Generating initial ::aagri:’ing for Stage 4 iltage 5 i of
codes themes Reviewing themes ew analysis o
School science codes
;::ir:;:la n \ * Inductive * Grouping * Relationships * Team
process of nodes between consensus of
coding * Diagramming themes and codes and
* Team debriefing [ to make sense codes |, themes
School science / meeting. of themes — |- Themes and * Renaming
curricula in Chile * Determine * Notesabout subthemes themes and
nodes development vetted by team nodes
and members
hierarchies of l
concepts and
themes Stage7 Stage 6
Report preparation Reference selection
* Written presentation of * Reference
results and discussion example for
* Describing process of nodes
analysis

Fig. 1 The stages of analysis for this research were adapted from Braun and Clarke (2021) and Nowell,
Norris, White, and Moules (2017), establishing trustworthiness during each phase of the thematic analysis
process

that was performed and its later relationship with the existing theory. In addition, triangula-
tion of information sources was developed by considering the theoretical analysis, expert
peer judgement, and the analysis of the researcher in relation to the studied data. The the-
matic analysis was carried out using the tools from the advanced data analysis software,
NVivo 12, which allows the categorisation, coding, and organisation of information to be
performed.

Findings

The first analysis of documents from Bolivia and Chile considered, in relation to the
research questions, the dimensions of the purpose of teaching and what to teach in science.
The purpose of the first dimension was to help determine the notions of scientific literacy
that underline or are explicit in the curriculum, and the second was how this purpose of
teaching science was fulfilled in the types of knowledge that the curriculum proposed as
essential for learning science. Students in the school stage were analysed (13 to 16 years).

Science teaching purposes within the science curriculum

The purpose of the science teaching dimension was organised into five themes: (i) charac-
teristics of the natural sciences; (ii) development of curiosity; (iii) integral development of
the individual; (iv) knowledge of the natural world; and (v) political or state points of view.
Each of these themes is composed of nodes, which are depicted in Fig. 2. It also indicates
whether a node is present only in the Bolivian curriculum, in the Chilean curriculum, or in
both countries.

Figure 2 shows there are both similarities and differences between what the Bolivian
and Chilean curricula propose regarding the purpose of science teaching. Both countries
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Fig.2 The organisation of results of the Purposes of Science Teaching (green), themes (blue), and nodes
(cream-coloured) of the curricular documents of Bolivia and Chile

show common ground in the purpose of teaching science topics, sharing nodes for pur-
poses related to ‘characteristics of the natural sciences’, ‘development of curiosity’,
‘knowledge of the natural world’, and ‘political or state views’. The only theme that
is uniquely represented in the Bolivian curriculum is ‘the integral development of the
individual’. In the theme ‘characteristics of natural sciences’, the nodes of ‘awareness
of science for all’, ‘awareness of the scientific impact on society’, and ‘knowledge of
scientific activity’ are only present in Chile. For both Bolivia and Chile, the intention to
develop scientific capacities can be identified. The theme ‘developing curiosity’ is rep-
resented in both curricula. Regarding knowledge of the natural world, the ‘understand-
ing the natural world’ node is found in both curricula, the ‘resolution of everyday prob-
lems’ node is only present in the Chilean curriculum, and ‘caring for Mother Earth’ is
only present in the Bolivian curriculum. In the topic ‘political or state perspectives’, the
‘need for globalisation’ and the ‘participation of individual and social decision-making’
nodes are only present in the Chilean curriculum. The nodes of ‘ideological change’,
‘development of democratic competencies’, ‘development of the biocentric perspective’,
‘overcoming the problems of capitalism’, ‘community transformation’, and ‘propaedeu-
tics” are only present in the Bolivian curriculum. There are no nodes that are present in
both countries. Tables 1 and 2 describe textual references extracted from the curricular
documents for each of the nodes.

The Chilean curriculum refers mainly to the nodes of the purpose of science teaching,
such as understanding the natural world, developing scientific skills, and developing curi-
osity (see frequency in Table 1). Then, to a lesser extent, come the related nodes to give
meaning to teaching based on scientific impact on society, knowledge of scientific activity,
solving everyday problems, participation in individual and social decisions, science aware-
ness for all, the development of ideas about the nature of science and the needs of globali-
sation. Table 1 shows the definitions and textual references that provide examples for each
of these nodes, in addition to the frequencies in which they are present in the curricular
documents.
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The Bolivian curriculum mostly refers to the nodes of the purpose of science teach-
ing, such as caring for Mother Earth, community transformation, integral development of
the individual, development of scientific skills and development of democratic skills (see
frequency in Table 2). In addition, the nodes with the least representation are biocentric
vision, overcoming problems caused by capitalism, propaedeutics, development of curios-
ity, ideological, and political change, and understanding of the natural world. Table 2 con-
tains the definitions and textual references that exemplify each of these nodes, as well as
the frequencies in which they appear in the curricular documents analysed.

Discussion and conclusions

The curriculum prescribed by governments to be taught in schools can be understood as a
sociocultural construction that regulates and controls educational practices and expresses
in some way the guidelines towards where the training of citizens is to be taken (Ducoing
and Rojas 2019; Guerrero and Torres-Olave 2022). There is broad consensus regarding the
importance of being scientifically literate in order to fully participate in democracy. The
understanding of scientific literacy has gone from a transmissive and propaedeutic vision
(Vision I) to a vision committed to socio-scientific activism (Vision III) (Vilches, Solbes,
and Gil 2004; Valladares 2021). From this perspective, scientific literacy becomes a tool
for social transformation that requires the participation of all citizens. Scientific literacy,
although it seems to be a globally agreed objective, differs in each country in the way in
which it is articulated with the idea of citizenship and democratic participation. For sci-
entific literacy to serve democratic processes, and in particular decision-making, students
must be able to critically explore socio-scientific problems, as well as the social and eco-
nomic aspects in which particular social problems based on science are configured. In this
way, they will be able to participate in critical deliberation on social issues related to sci-
ence, being able to question the underlying status quo (Yacoubian 2018).

In this study, when analysing both curricula from the point of view of what their pur-
pose is, we can see that in Chile, the focus is mainly on understanding the natural world,
the development of scientific skills and curiosity, and secondarily, understanding the nature
of science, and engaging in individual decision-making and problem solving in a globalised
world. Thus, and from the perspective of the types of citizenship indicated by Westheimer
and Kahne (2004), the orientation of the Chilean curriculum would be between the forma-
tion of a personally responsible citizen, that is, a person who acts responsibly towards him-
self and the others, for example respecting the laws and carrying out acts of charity, and a
participatory citizen, with a much more active role in his or her community. Following the
example given by the authors, if, under the first vision, a good citizen is one who donates
food, in this second vision, the good citizen would be the one who organises the donation.

In the case of Bolivia, the main focus is on the care of Mother Earth, highlighting that
the traditions or knowledge of indigenous communities are considered essential. Other rel-
evant elements are community transformation, an individual’s integral development, the
development of scientific skills and the development of democratic skills. From the point
of view of the types of citizenship, the Bolivian curriculum would rather tend towards the
formation of a justice-oriented citizen (Westheimer and Kahne 2004), that is, someone who
understands the relationships between social, political, and economic aspects. Following
the previous example, this vision of a citizen would be that of a person who questions why
there are people who go hungry and tries to solve the problem from that understanding.

@ Springer



What is meant by scientific literacy in the curriculum? A. ..

This is consistent with the analysis of the “political or state views” that support the
orientations on the purpose of teaching science. In the case of Bolivia, the political-ideo-
logical basis of the curriculum proposes decolonisation as an alternative against capitalist
hegemony, through the approach of values and socio-community knowledge of the origi-
nal peoples, as well as the recognition of cultural identities (Ducoing and Rojas 2019).
Although the carrying out of actions or activism-oriented science education is not explicit,
through the promotion of the understanding of the relationships between science and pro-
ductive and political systems, the Bolivian curriculum bets more clearly on a science edu-
cation that seeks transformational changes to the political and economic world related to
neoliberalism and capitalism. This is evident in the clarity with which teaching of sciences
must promote “ideological and political changes”, “development of democratic competen-

9 <

cies”, “development of a biocentric vision”, “improvement of problems caused by capital-
ism”, “transformation towards the formation of communities”, all of which are ideas that
go against the ideology that dominates Chile in political and state terms (at the time of this
study). Also, observable here is the importance placed in the Bolivian curriculum on mate-
rialising the idea that education is politics, and therefore it can be a tool that fosters the
status quo or that transforms reality (Freire 2005), moving from an individualistic social
conception towards a community one. It is interesting to see how the Bolivian curriculum
highlights the “development of biocentric vision”, where the centre moves from the human
being to nature, something very necessary to change social and governance practices that
have led to the current climate crisis.

In relation to the "political or state views", the Chilean curriculum contrasts with the
Bolivian one, since there is notorious alignment with the “needs of globalisation” ideas.
These views are closely related to the needs of a neoliberal economic model and its expres-
sion in education (Eldrtegui, Arancibia and Moreira 2020; Ruiz, Reyes, and Herrera 2019).
Despite all this, the Chilean curriculum views the teaching of science as relevant to pro-
mote competencies to “participate in individual or social decisions”, although the desired
scope of this is not clear. The question then is whether the expectation is to train individu-
als who will transform the reality that surrounds them, or whether they are only capable of
solving problems while maintaining the established social structures.

This difference between the two curricula in relation to the purpose of science educa-
tion is interesting, since it expresses two points pointed out in the literature. On the one
hand, the Bolivian curriculum breaks with the general trend of traditional school science,
offering a narrow vision in relation to diverse worldviews and ideologies, which margin-
alises, for example, indigenous knowledge about nature (Hansson and Yacoubian 2020).
The Bolivian curriculum not only includes indigenous knowledge as an example but also
proposes it as a central part of its proposal, being relevant to the context and expanding
the possibilities for students to participate in science in a meaningful way for them. On the
other hand, the example of the Chilean curriculum points to another outstanding point in
the literature, and that is the fact that research on ideologies in science education shows
that neoliberal perspectives are frequently communicated, putting the development of the
decision-making capacities of future citizens at the service of specific neoliberal agendas
(Hansson and Yacoubian 2020).

In light of the scientific literacy visions that can be present in the analysed curricula
and attending to the initial research question: What is the scientific literacy vision present
in the curricula of Chile and Bolivia? it is possible to identify similarities and differences
between the cases of Chile and Bolivia. In the case of Chile, the stated typical purpose of
science teaching is scientific literacy, but there is no description of how it is shaped. This is
consistent with the findings of Uribe and Caceres (2014), who stated that scientific literacy
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is scarcely expressed in curricular documents and study texts in the Chilean educational
system. Despite this, it is possible to interpret the purposes of the sciences stated in the
curricular documents. In this way, it is possible to conclude that the science curriculum in
Chile proposes a vision of sciences that is more related to Vision II, according to Roberts
(2007) and Sjostrom and Eilks (2018), where science knowledge is useful to know our sur-
roundings and give answers to everyday problems, but not considering its ability to provide
tools for the transformation of reality, along with others. It could be suggested, then, that
the way in which the purposes of education in sciences are expressed typically promotes
the continuity of the existing structures, allowing the continuation of neoliberal hegemony.

However, according to Magendzo and Gazmuri (2018), there is a certain consensus on
the urgency and importance of citizenship training for Chilean students. To do this, the
authors propose to move from a curriculum organised around a list of contents expressed
as absolute, totalising, and homogenising truths towards a curriculum based on content and
complex tensional and conflictive themes that are linked to the political, social, and cultural
contexts in which the students perform. Additionally, considering the current social and
political crisis in Chile and its intention to resolve this through a Constitutional Conven-
tion that writes a new Constitution, it is evident that the conception of scientific literacy of
Vision II falls short of the current challenges of Chilean society. A more coherent alterna-
tive that would also allow us to attempt a curricular change towards coherent orientations
and knowledge would be Vision Il of scientific literacy, which Hodson (2013) describes
and problematises as:

It is generally much easier to proclaim that one cares for an issue than to do some-
thing about it. In short, our values have no value until we live them. Rhetorical and
proclaimed values will not bring social justice and will not save the planet. We must
change our actions. A politicised ethics of caring implies active involvement in the
local manifestation of a problem or specific issue, the exploration of the complexity
of socio-political contexts in which the issue/problem is located and trying to solve
conflicts of interest (p. 8).

In the Bolivian curriculum, scientific literacy is oriented from its intentions towards
Vision IlI, according to Sjostrom and Eilks (2018), since it clearly suggests the need to
address current problems to transform the hegemonic model towards a contextual and com-
munity one, consistent with environmental care. In addition, it serves the territory through
the knowledge that must be developed.

Comparison between the curricula of both countries is an exercise that can allow us to
gain awareness about the ways in which political considerations influence their construc-
tion, becoming evidence to be considered when analysing and applying said documents in
the educational area, to decide whether it is necessary to keep or change existing conditions
at the political, social, or economic levels. The results and conclusions of this research seek
to contribute to the analysis and execution of the purposes of natural sciences so that both
curriculum experts and teachers determine which are the coherent actions that will allow
students to learn what is necessary to become agents of change of reality. This is due to the
needs that emerge, such as the current environmental crisis.

From the above, it is clear that political systems influence curricula. However, it is
also worth asking whether the implementation of a curriculum can influence political sys-
tems. If we assume that the implementation of a curriculum affects the formation of dif-
ferent types of citizens, we could infer that such an influence does exist. However, this
will depend on how teachers interpret and implement the curriculum, requiring coherent
training with it. For example, the implementation of a curriculum that promotes practices
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associated with Vision III, such as critical thinking and democratic decision-making, can
be affected by teachers’ beliefs, such as thinking that science is objective or that it is devoid
of values. It also affects the knowledge and awareness that teachers have about the impor-
tance of addressing socio-scientific problems, the emphasis they give to different curricular
aspects, and the resources they can count on (Yacoubian 2018). From this point of view, it
is necessary to understand that the prescribed curriculum needs other actors so that it can
be materialised in the classroom, for which the mere existence of a curriculum does not
guarantee the effects it intends to achieve.

Our findings show that scientific literacy is a concept that presents itself as an oppor-
tunity to show science as non-neutral and profoundly political, and therefore, the teaching
of science takes on these characteristics that, if understood in this way, provide important
opportunities for transformation, as long as curricular guidelines are combined with the
other elements mentioned.

Although this study addressed only some of the educational levels for analysis and com-
pared only two countries, this study could be extended in future research. In addition, the
study could be expanded to more countries in the region, to inquire into and examine the
visions of scientific literacy in relation to their correspondent political systems, and thereby
have a greater panoramic view at a Latin American level.
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