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Abstract

The term scientific literacy arises due to the need of the scientific community to
see that the population validated its scientific and technological production. The
construct Scientific literacy has been subject to diverse conceptual considerations
over the years, arising from the scientific, technological, social and political chang-
es that markRed contemporary society characteristics. In this study, we sought to
assess the evolution of the scientific literacy construct over the first decade of the
twenty-first century, through qualitative research, using a bibliographic study. For
the operationalization of this analysis, different dimensions for scientific literacy
were defined. The results suggest that scientific literacy embodies a construct that
is deictic in nature, shaped by the social, political, cultural and scientific contexts
prevailing in the society it belongs to. The conclusion is that all of this conceptual
matrix suggests a change in the relatively passive form in which science is appre-
ciated of and the way this operates in society towards a commitment to personal
involvement with science and towards the valuation of the importance of scientific
Rnowledge throughout life.
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Resumo

El término alfabetizacion cientifica surge como consecuencia de la necesidad de
la comunidad cientifica de ver validada, por parte de la poblacion, la produccion
cientifica y tecnolégica. El constructo alfabetizacion cientifica fue objeto de varias
actualizaciones conceptuales a lo largo de los anos como resultado de los cam-
bios cientificos, tecnologicos y sociales de la sociedad contemporanea. En esta
investigacion se realiza una revision sistematica en la cual se analiza la evolucion
de la alfabetizacion cientifica en la primera década de este siglo. Buscamos evaluar
la evolucion del constructo alfabetizacion cientifica durante la primera década del
siglo XX|, a través de una investigacion cualitativa, realizando un estudio bibliogra-
fico. Para la operacionalizacion de este andlisis, se definieron diferentes dimensio-
nes de la alfabetizacion cientifica. Los resultados indican que es un constructo de
naturaleza deictica, que conforma su contenido a los entornos social, politico, cultu-
ral y cientifico en que se inserta. La conclusion es que toda esta matriz conceptual
sugiere un cambio en la forma relativamente pasiva como se aprecia la ciencia y
como esta funciona en la sociedad hacia un compromiso de implicacion personal
con la ciencia y hacia la valoracion de la utilidad del conocimiento cientifico a lo
largo de la vida.

N.° 81

O termo literacia cientifica surge em consequéncia da necessidade da comunidade
cientifica ver validada, por parte da populagao, a produgao cientifica e tecnolégica
da época. Literacia cientifica representa um construto sujeito a diversas represen-
tagdes conceituais ao longo dos anos decorrentes das modificagoes cientificas,
tecnologicas, sociais e politicas caracteristicas da sociedade contemporanea. Neste
estudo, procurou-se aferir a evolugao do construto literacia cientifica ao longo da
primeira década do século xxi, através da analise qualitativa, com recurso a revisao
da literatura. Para a operacionalizagao desta andlise foram definidas diferentes
dimensoes para a literacia cientifica. Os resultados obtidos mostram como a litera-
cia cientifica incorpora um constructo de carater déitico que molda o contetdo ao
contexto social, politico, cultural e cientifico que prevalece na respectiva sociedade.
Conclui-se que toda essa matriz conceitual sugere uma mudanga na forma relati-
vamente passiva de valorizagao da ciéncia e no modo como esta opera na socie-
dade em diregao ao compromisso com o envolvimento pessoal com a ciéncia e a
valorizagao da utilidade do conhecimento cientifico ao longo da vida.
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Introduction

Each generation, in their own respective timeframe, endows a different
form on the aspirations that shape their society with that identifying those
of the current generation involving the renovation of generalised concerns
over the social, political and cultural quality of life of populations. In
order to achieve this goal, each generation draws upon science and
technology (s&1) as an instrument for fostering social justice. To obtain
the desired goals, there is a need to provide citizens with the tools to
develop their s&r competences and knowledge. These tools need to be
designed, implemented and developed within the field of Science
Education (se) and seek to develop individual Scientific Literacy (st) not
only as an intellectual capacity but also as the attitudinal, social and
interdisciplinary attributes (Holbrook & Rannikmae, 2009) that enable
socially active beings.

This research started from these two attributes—intellectual and
social— and the analyses ot the evolution of the st construct over the last
decade of the twentieth century. Then, we undertook a systematic review
of the literature on the st construct over the temporal frame set by the first
decade of this century.

Historical evolution

The presence of science on school curriculums dates back to the
nineteenth century, due, among other reasons, to the pressures applied
by scientists of this period, including Thomas Huxley, Herbert Spencer,
Charles Lyell and Michael Faraday, concerning the need for the teach-
ing of science (Deboer, 1991). At that time, this advocacy of science
teaching in schools encountered strong opposition from people in the
Humanities field. Hence, each scientist had to take a proactive attitude
in arguing for the utility of science and dispelling the vision of science
as a materialistic activity lacking any virtue (Deboer, 2000). The promo-
tion of science teaching in schools grew alongside the need to endow
citizens with independent scientific thinking as a means of broadening
and deepening the efficient participation of citizens in their societies.
This need to produce independent thinking is one of the objectives of
education, for if a student does not put into practice the acquired skills
or does not use them for productive purposes, then education has failed
to reach its primary objective (Deboer, 2000).

While still displaying some concerns about the high level of relevance
that school curricula attributed to the role of science, very often for-
getting that the fundamental purpose of science is knowledge about the
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natural world and its impact on the personal and social lives of citizens.
This concern prevailed during the inter-war period (Choi et al., 2011; Murcia,
2009; Roth & Lee, 2001; van Eijck & Roth, 2010).

In the period following World War Two, the role of science and
technology grew exponentially in society stemming from the increase
in citizen’s participation in scientific and technological issues (Irwin &
Michael, 2003). This involvement evolved in very differentiated ways
according to the time frameworks, which has led to many authors fram-
ing the impact of science on diverse dimensions of society into three dis-
tinct periods: a) between the end of World War Two and the late 1950s;
b) the beginning of the 1960s; c) the beginning of the 1980s (Miller &
Pardo, 2003).

Deepening this perspective, Miller & Pardo (2003) state that following
the conclusion of World War Two, the work undertaken by engineers and
scientists gained recognition and value due to the rise in the standard of
living. Thus, the diverse practical applications, including highlights such
as the production of new medications, new planes emerging in the
aeronautics, the pesticides and the progress in communications, ended
up reaching an increasing number of individuals, which brought about
the greater valuation of scientific and technological knowledge (Bauer
et al., 2003).

Advancing with this historical outline, the second phase began in the
1960s with the publication of a series of books defending the participation
of society in decision-making around s&t related issues. These publications
advocated the need to reduce the gap between citizens and scientists, so
that individuals become socially participative (Deboer, 2000). This idea of
greater civic participation derived primarily from the utilisation of different
technological applications, which later proved harmful to society, espe-
cially to nature. This raised doubts about the positive influence of science
and technology in the vanguard of social development and wellbeing, and
regarding the role each citizen should play in the definition of the borders
to that same s&t (Deboer, 2000; Miller, 2004). Despite this desire for civic
participation, various governments, scientific and technological organisa-
tions and the scientific community as a whole failed to duly recognise the
scientific and technological competences of citizens for the definition of
lines of research. Only at the beginning of the 1980s, as Miller & Pardo
(2003) identify, and coinciding with the third stage, there was some recog-
nition by a significant proportion of the political and scientific community
about the fact that citizens might be able to veto scientific projects. This
third stage displays a greater level of scientific information among citizens
due to the exponential increase in scientific-based communication, which



reflected in consequences such as the rise in the speed and quantity of
public debates on s&t-related issues. In the same direction, various authors
defend that the exponential growth in the number of debates on scientific
and technological issues, as well as their visibility, implies a higher level
of st among citizens (Irwin & Michael, 2003; Miller, 2004; Miller & Pardo,
2003; Murcia, 2009; Norris & Phillips, 2003).

Nature of the concept

The term scientific literacy has appeared in the literature over the last
four decades (Deboer, 2000; Hurd, 1998), even if very often with varying
interpretations and meanings (Deboer, 2000; Miller & Pardo, 2003;
Murcia, 2009; Osborne, 2007). This myriad of concepts, definitions and
paths produced under the auspices of defining st reflects in the growing
importance of the S&T knowledge that a citizen should possessto have
an active involvement in markedly scientific societies (Yuenyong &
Narjaikaew, 2009).

The information reaching the individuals, in different ways and across
different communication platforms, should be processed and assimilated
so that it may be applied subsequently in active participation in society
(Choi etal., 2011; Hofstein et al., 2011; van Eijck & Roth, 2010). This idea
involved developing a collective cognitive potential, enabling a citizen to
grasp reality, endowing this with a valid meaning for life and thus become
more effective in terms of material actions on society (Caraga, 2001).
As such, individual civic participation in the social collective should
be leveraged by a socio-scientific matrix (Hofstein et al., 2011) so that,
more than simply possessing a basic set of scientific knowledge, citizens
should also have a clear vision as to how such knowledge interrelates
with other events in society, the reasons why they are important and
what vision of the world we may gain from them (Osborne, 2007). This
formulation falls within the scope of the feasible dimensions that the
literature defends for scientifically literate citizens (Bybee et al., 2009;
Hofstein etal., 2011; Osborne, 2007). At the end of the last century some
authors approached st as holding four dimensions (Boujaoude, 2002;
Hurd, 1998; Miller, 1998): (a) scientific knowledge; (b) research on the
nature of science; (c) science as a form of thinking; (d) interactions with
science, technology and society.

In addition to this interpretation, Hurd (1998) added other dimensions
to the definition of s to establish a denser construct in which the interac-
tions between the triade science-technology-society emerges as the core
and unavoidable marker of the definition of s. (Figure 1).
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Understanding
the nature
of scientific
knowledge

Using the
scientific process
in the resolution of
problems, decision-
making and building
an understanding of
the universe

Interactions with
the values guiding
science

Scientific
Literacy

Understanding
and appreciating
S&T, and its
interrelationship
with society

Development
of multiple
S&T- associated
competences

Promoting
science

education

throughout life

Application of
scientific concepts,
theories and laws in
interactions with the
universe

Figure 1. Dimensions of scientific literacy. Adapted from Hurd (1998).

Even while st is essential to participating in society, it does not emerge
spontaneously in citizens, and there is a need for a continuum of under-
standing about the nature and the construction of the world. Bybee defines
the acquisition of knowledge by levels beginning with a scientifically illiterate
citizen, passing through nominal, functional, conceptual, processual and
finally multidimensional literacy (Bybee, 1997). Furthermore, Bybee defends
the existence of a minimum level of st that runs across the population
and accompanying citizens during their lifetime (Table 1). This level of
literacy may experience alterations depending on the context or the theme
in which the citizen is called upon to participate (Bybee, 1997; Laugksch,
2000; Osborne et al., 2003).

Defining the minimum level in which a citizen might be considered
scientifically literate spans three dimensions: knowledge about science, the
nature of science, and the interactions between science and society. Even
after having defined these dimensions, this process did not gain any consen-
sus. Therefore, to ensure greater clarity, the dimensions were expanded and
indicators were established (Table 1). Analysis of Table 1 shows how we may
approach st as a sequential and hierarchical model that begins with ideas
about science, moves on through knowledge about the nature of science,
and ends with the interactions between s&r and society.



Table 1.
Levels of Scientific Literacy

Level Indicator of dimension
S At this level, the citizen does not have the

No Scientific

Literacy and scientific capacity to understand science
Y questions or to ask a question within a

Technology

specific scientific field. (Bybee, 1997).

This level, which Bybee called nominal si,
is illustrated by a person who recognizes
when a term, question or topic is scientific
in its nature, but, even so, demonstrates
clear misunderstanding. The individual
Nominal understands the theme, the question or
Scientific Literacy topic as scientific, but exhibits an erroneous
and Technology  Rnowledge about the scientific field. The
citizen may express naive explanations
about such phenomena. An individual's
understanding is minimal when compared to
the accepted scientific understanding for the
individual's age and situation. (Bybee, 1997).

The individual..

identifies the terms and
questions as scientific.
demonstrates alternative
conceptions.

presents minimalist
Rnowledge.

expresses naive
explanations.

At this level a person is able to use scientific

and technological vocabulary in a particular

activity when needed (e.g. defining terms in

Scientific Literacy a test, reading a newspaper, or listening to a

and Technology  television program), but it is generally out of
context and lacks the conceptual elaboration
of disciplines. (Osborne & Dillon, 2008).

Functional

The person..
uses scientific terminology.
defines the terms correctly.

memorises specific
concepts.

understands only an
activity or specific need.

The third level, conceptual and procedural
st, describes people who understand the
way conceptual parts of a discipline relate
to the whole and how scientific disciplines
relate to each other. They possess procedural
and Processual Rnowledge and sRills (e.g. scientific inquiry
Scientific Literacy  sRills, technological skills, ability to make
and Technology  observations and hypotheses, developing
new Rnowledge using evidence, logic and
creativity). It can be described as the level
of scientific ability which allows for solving
practical problems. (Wolfensberger et al, 2010).

Conceptual

These people

Understand the conceptual
scheme of science.

understand science-based
competences.

understands the
relationship between the
parts and the whole of
science.

understand the processes
and principles of science.

The highest level, multi-dimensional st,
illustrates whose understanding of science
extends beyond the concepts of scientific
disciplines and procedures of scientific
investigation. More specifically, such

Multidimensional subjects are able to make connections within

Scientific Literacy scientific disciplines, and among science,

and Technology  technology, and the larger issues challenging
society. In other words, science education
has promoted a broader view of science,
while simultaneously helping foster an
appreciation for science and its usefulness
to society. (Holbrook & Rannikmae, 2009).

These people

understand the role of
science in the relationship
with other fields of
Rnowledge.

Rnows about the history of
science.

Rnows about the nature of
science.

understands the
interactions between
science and society.

Source: Own elaboration.
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In Table 1, Functional Scientific Literacy and Technology places the
focus on isolated scientific knowledge/ideas. Reaching that level involves
establishing connections within such knowledge and understanding its
production processes.

The highest level of st requires an understanding of the interactions
between science and society. It includes the history, objectives and general
limitations of science. In this line of thought, st enables the creative use
of sound scientific knowledge in everyday life or in a career, to solve
problems, make decisions and hence improve quality of life (Holbrook
& Rannikmae, 2009). In this view, sL is important for both personal and
professional life. It also highlights that, besides developing problem solving
skills, enhancing s also helps subjects improve their lives. In other words, it
is associated with the capability to transfer knowledge, skills, attitudes and
values to unknow situations such as showing initiative, thinking critically
or reasoning onseself in a collaborative working situation.

Stemming from the establishment of these levels, in the early twen-
ty-first century the interpretation of the definition of st was characterised by
the following set of factors (Figure 2): st interest groups; different purposes
for advocating the promotion of si; different conceptual definitions of the
term; different means of measurement; the relative or absolute nature of
literacy (Laugksch, 2000; Miller, 1998).

Interest group

Purposes of promotion Conceptual definitions

Means of measurement Nature of concept

Figure 2. Conceptual vision of st in the early 2Ist century. Adapted from Laugksch (2000)

Objectives and research questions

The work of science is complex: it is a process, a product, and a institution.
As a result, to engage in science-whether using knowledge or creating
it— some familiarity with the enterprise and practice of science is needed.
Knowledge of basic science facts is but one small part of the constellation
of features that can constitute sL.



All the dimensions and/or levels mentioned suggest that a scientifically
literate individual needs not only to display an intellectual capacity, but
also other attributes —attitudinal; social and interdisciplinary— in order
to grasp and actively intervene in his or her own surroundings (Holbrook
& Rannikmae, 2009).

This research starts with these two attributes —intellectual and
social—. The objective is to analyse the evaluation of the s. construct
over the first decade of the twenty-first century. For that purpose, we tried
to answer the following three research questions:

What paradigm defined the st existing in the early twenty-first century?

—How did this construct evolve over the course of the first decade of
the twenty-first century?

What model of st characterises the relationship between science and
society?

Methodology

Theoretical approach

In order to answerthese questions, we carried out a systematic review of
the literature on the st construct, taking as the time frame the first decade
in the twenty-first century. The remarkable and rapid advances in science,
technology, and engineering during that period have brought about
unexampled changes in the quality of human life. These breakthroughs
have united the world in unique ways and have dealt with the economic,
societal, and political development (Friedman, 2007). The advances in
science, technology, and engineering gave rise to a myriad of ethical,
moral, and global issues that threaten human dignity and survival. To
respond to these new challenges, society needs to prepare citizens who
are able to understand scientific ideas, intellectual skills, creativity, and
reasoning, as well as to raise in citizens awareness and respect for the
issues and problems of the world. Thus, understanding the concept of st
in its different dimensions will allow us to discover which lines of thought
prevailed during the beginning of the century and the extent to which
they have allowed citizens to develop a scientific approach literacy that
empowers them to make important decisions about the environment,
health, and social policy for themselves, and the global community.

This research methodology was applied across three distinct levels,
seeking to reduce the corpus of analysis to 250 articles (Figure 3). The first
level involved the selection of the articles applying the s. construct. At
the second level, we codified the entries that fell within the scope of the
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different definitions associated with the concept of s.. This codification
involved the use of NVivo® software. Finally, during the third level we
caried out a sociological analysis of the articles.

Adopting the Web of Knowledge® and the whole range of articles
published on this topic, we selected a sample of the 250 most cited articles
during the research period. The article selection process encompassed all
of the databases included in the Web of Science® collection. We entered
the st construct and restricted the time frame to between 2000 and 2010.
This search produced a total of 3,013 entries.

We tried to figure out whether the definition of scientific literacy accom-
panied the transition to a new millennium, to technology society , to a new
world characterized by big social changes. We tried to understand if, during
this transition, the definition of st followed all these social changes. For the
selection of the sample we performed a non-probabilistic sampling with
the technique of sampling by rational choice, where individual elements are
selected according to the typical characteristics (Freixo, 2010). Out of the
universe of 3,013 entries, we calculated the sample (n = 250) using a margin
of error of =5.0 %; and a confidence level of - 90 %. For this research, we
only took into account documents dealing with empirical studies, and did
not consider any documents refering to local, regional or international public
policies for the review, analysis or promotion of sL. The definition of the state
of art of any construct seeks to portray the lines of thinking that the scientific
community most commonly applies to its characterisation. Additionally, we
analysed the trends in ideas, thinking and the definitions that accompany
the construct. To this end, the selection of the most cited articles about a
particular construct generates a perception and analysis of the path that the
scientific community is setting out for the construct being under analysis.

Research of the Scientific
literacy construct
Database: Web of Science®

‘ Timeframe:
2000-2010

Scientific Literacy
time frame 2000-2010
no.=30I3

Sample
‘ margin of error -5.0 %;

confidence level -90 %

Scientific Literacy
sample calculation
no. = 250

. Articles with the highest
number of citations

Scientific Literacy
sample selection
no. = 250

Figure 3. Article selection stages.
Source: Own elaboration.



Codification of the different definitions
of scientific literacy

After the selection of the samples, we did a systematic review of the litera-
ture for the st construct. The objective was to analyse all articles (n = 250)
looking for lines of thought that accommodated answers for the research
questions. To carry out this review, by using Nvivo® software, we identified
the following six dimensions used to characterise the concept of st in the
early twenty-first century: (a) capacity to distinguish between science and
non-science; (b) understanding science and its applications; (c) capacity
to apply scientific knowledge for problem solving; (d) understanding the
nature of science, including its relationship with culture; (e) Appreciation
and comfort with Science, including admiration and curiosity; (f) under-
standing and appreciating s&r and its interrelationship with society (Hurd,
1998; Laugksch, 2000; Norris & Phillips, 2003).

The authors coded automatically each of the six dimensions, and
counted the number of sources and the number of references (Table 1).
After the codification of the different expressions, only 134 sources out
of the initial 250 were identified, 53.6 % of the initial articles. This dif-
ference can be explained because the initial research has only the su
construct that can be applied in different situations. When the search
is refined, looking for the different dimensions of the concept itself, the
specificity of the document increases and, consequently, the number of
sources decreases.

The articles were read for each dimension of the scientific literature
and taken as a framework of ideas and critical references (Table 2). The
search for authors’ guidelines and purposes is the best way to develop st in
this time frame.

Sociological analysis

Although only 134 sources have been found with references to the dimen-
sions encoded, we carried out a sociological analysis of the total sample
(no. = 250). The analysis criteria were: (a) article language; (b) number of
authors per article, (c) affiliation(s) of the article author(s), (d) journal
publishing the article, and (e) the country of journal publication. The results
and their own analysis are presented in the following section.
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Results
Sociological analysis
Author affiliations

Analysis of these articles account for 97 % (no. = 243) written in English,
contrasting with only 3 % (no. = 7) in other languages, such as Portuguese
and Spanish. These results are in keeping with the predominance of
the English language in scientific outputs published worldwide. Even while
writing in English appears universal, these studies” authors came mostly from
the northern hemisphere and from countries with high levels of development
(Figure 4). Data highlight North America as the global region which produces
the most of cited works, with 47 % (n = 114) of the authors associated to
works on sL. At the opposite end, Africa shows the lowest number of cited
works < 0.01T % (no. = 2). This low result does not come as a surprise. The
Academic Ranking of World Universities classifies the world’s universities on
the grounds of six objective indicators, which include the number of alumni
and staff winning Nobel prizes and Fields medals, number of highly-cited
researchers selected by Clarivate Analytics, number of articles published in
Nature and Science journals, number of articles included in the Science
Citation Index- Expanded and the Social Sciences Citation Index, and per
capita performance of a university. Looking at this ranking since 2004 —the
year in which data for regions of the globe began—, and 2010, you can
see that only an average of four African universities out of the first 500
worldwide were in this ranking. This fact clearly illustrates the scarce
scientific production carried out in this continent, as reflected in the low
affiliation of researchers to universities in the African continent.

144

150
100
68
50
30 30 30
]
North America Europe Africa Asia Oceania South America

Graph 1. Affiliations of article authors.
Source: Own elaboration



According to the results, the number of South American authors is
almost half of European authors. This total stems primarily from Brazil’s
strong contribution. On the other hand, in terms of author affiliations, 9.6 %
(no. = 24) of the articles published are the result of international partner-
ships that feature collaborations between highly developed countries, such
as Australia and Germany; the United States and Canada; the United States
and Israel, and the United States, Canada and Australia.

Number of authors per article

Most papers are collaborations among partners from the same country,
with a particular emphasis on those from the United States. Although the
most common number of authors per article is 1 (mode = 1), accounting
for 37.6 % (no. = 94) out of the total, we also observe a significant number
of articles written by pairs of authors, adding a total of 30.4 % (no. = 76),
or with three colleagues, 21.6 % (no. = 54) (Figure 5). However, there is
but a small and practically residual number of articles by five authors, just
4.5 % (no. = 13). The prevalence of smaller research groups may stem from
problems related to communications and decision-making. During the
stages of ideas exchange, definition of research lines and decision-making,
a larger number of researchers may lead to unnecessary noise and hinder
the work in progress. Likewise, smaller groups make communications more
free-flowing and, consequently, result in more fruitful working processes.

120

94

80

40

o]

1 2 3 4 5 6 7 8 9

Graph 2. Number of authors per article.
Source: Own elaboration

Scientific journal host country

As regards the journals publishing these works. The results of publications
by country follow the authors’ affiliation. The regions with the most cited
authors are practically the same where the scientific journals with the highest
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number of citations are published. These regions include the most developed
countries. The United States is in the first place, with 48 % (no. = 120),
followed by the United Kingdom with 30.1% (no. = 77) and Netherlands,
with 8.8 % (no. = 22) (figure 6). It is noteworthy that two per cent (no. = 5)
out of the 250 articles analysed were published in online journals, which
prevents the identification of the country of publication. Despite modern
society displaying a digital matrix, education publications still follow
traditional paths, with the most cited articles emerging from paper-based
journals. While Turkey remains an emerging country, it hosts a surprising
number of publications (no. = 12), much higher than other countries further
up in the development index, such as Australia (no. = 4) or Spain (no. = 4).

Graph 3. Journal host countries.
Source: Own elaboration

As for the year of publication of the article (graph 4), we may note
the exponential growth in the last three years of the decade. In the first
years, there was a period of stagnation before entering into a rise over the
2003-2005period. This difference might be explained for the two different
periods in the definition of s.. At the turn of the century, st gained new
definitions, as evidenced in the works produced by authors such as Laugksch
(2000), Miller (1998), Norris & Phillips (2003), Rowan et al. (2002). This
period of high intellectual production was followed by a calm time, during
which some ideas were put into practice. Other constructs emerged in the
following years, such as public awareness of science and, later on, public
engagement with science, which came into more common usage at the
expense of the concept of Scientific literacy (Davies et al., 2008; Einsiedel,
2007; Kerr etal., 2007). As the end of the decade drew in closer, the concept
of sL was subject to evaluation and hence we may observe the corresponding
rise in the number of articles published and, afterwrads, cited.
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D ——
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Graph 4. Year of article publication.
Source: Own elaboration

Dimensions of scientific literacy

A qualitative analysis of the results obtained (Table 2) suggest the preva-
lence of some dimensions over others (Graph 5), with a particular emphasis
on “Understanding the nature of science including the relationship with
Culture”, with 45 % (no. = 150) of references, in comparison with “Appre-
ciation and comfort with Science, including admiration and curiosity” with
16 % (no. = 54) and “Capacity to use scientific knowledge for problem
solving” with 15 % (no. = 52).

160 A — Capacity to distinguish
between Science and non-Science;
B - Understanding of Science and
120 its applications;
C - Understanding the nature of
Science, including its relationship
with Culture;
D - Appreciation and comfort with
40 Science with Science, including
admiration and curiosity;
E — The skill to use scientific
(¢} knowledge for problem solving;
A B C D E F F — Understanding and valuing of
S&T and its interrelationship with
society.

80

Bl Number of sources I Number of references

Graph 5. Dimensions of scientific literacy.
Source: Own elaboration

The lack of criteria to distinguish between science and non-science
or pseudo-science is central to the philosophy of science (Dupré, 1993;
Laudan, 1996). The delimitation of these concepts is one of the dimensions
that characterized the definition of science in the late twentieth century
(Phillips & Norris, 2002). It is also a feature of the public engagement with
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science approach, which keeps science and non-science distinct and extend
the attempts to explore the interpenetration of science and society. During
the transition to the new millennium there is an attempt to abandon this
dichotomy between science and non-science advocating for an approxima-
tion between the two categories, which considers scientific knowledge and
non-scientific knowledge as thoroughly interwoven, and these straddle the
lines between pseudoscience and science (Levitt, 2002; Michael, 2002).

On the other hand, the boundary between these two categories “has
been losing visibility in the philosophic circles even while science and
technology have gained an unparalleled authority and the creationists and
various groups of post-modernists have challenged this authority” (van Dijk,
2011). Towards the end of the decade, the approximation between science
and non-science lost ground when various researchers came out in favour
of the need for schools to teach the distinction between them(Akerson et
al., 2010; Avraamidou & Zembal-Saul, 2010). This need is a consequence
of seeing st as multidimensional and a composite of science concepts and
ideas, the nature of science, and the interaction of science and society. These
three dimensions are the highest level of SL and empower the citizens to
think critically about the role of science in society (Murcia, 2009). Thus,

[...] science education should have the aspiration to include scientific
literate competences that students need, to be able to live and par-
ticipate with reasonable comfort, confidence, and responsibility in a
society that is deeply influenced and shaped by the applications, ideas
and values of science [...] (Klop et al., 2010).

These ideas are related to the dimension “science and its applica-
tions”, according to which sL commonly consists of the following scientific
concepts and their applications in real-life contexts. That approach was
controversial at the beginning of the century, when “[...] school science
is almost exclusively concerned with basic or fundamental science [...]
without thought of possible applications [...]” (Jenkins, 2002). As a result,
“I...] many students are unable to participate in societal discussions about
science and its related technological applications]...]” (Hofstein et al.,
2011). During the decade, “the data suggest a shift from a relatively passive
appreciation of science and the way it operates in society towards a concern
for commitment to personal action as a critical feature of sL[...]” (Symington
& Tyler, 2007). Following this shift, technological applications of science
were promoted as goals of the science curriculum, and the term st was
used to describe a broader study of science, especially in relation to its
everyday applications (Bybee et al., 2009; Holbrook & Rannikmae, 2009).
According to this, “[...] scientifically literate individuals were able to effec-
tively apply scientific knowledge and reasoning skills for problem-solving
and decision-making in their personal, civic and professional lives [...]"”
(Murcia, 2008). In other words, they used science for learning, informing



or contributing to problem-solving. Consequently, the “Capacity to apply
scientific knowledge for problem solving” dimension gained importance
at the end of the 1990s and its influence extended through the 2010s.

Modern society, with the new world order, very much based on global
economy, needs its citizens to attain competences that enable them to rapidly
summarise and evaluate new information, thinking critically and solving
problems (Christensen, 2009; Fredricks et al., 2009; Holbrook & Rannik-
mae, 2009; Sadler et al., 2006; Sulin et al., 2009). To achieve this goal,
“[...] quantitative, communication, manual, and critical-response skills
are essential for problem solving, but they are also part of what constitutes
science literacy more generally [...]” (Spektor-Levy et al., 2009). Therefore,
this intelligence, which deploys the intellectual tools of science, philosophy
and the arts for the resolution of shared problems and the adoption of new
solutions, becomes a competence to be developed by citizens which involves
the logical and rational mechanisms inherent to problem-solving, as well as
intuition, emotion and passion (Dani, 2009; Levinson, 2010; Witz & Lee,
2009). This reflection does not only result in an intrinsic cognitive capacity,
but also in the external conjuncture surrounding the individual (Klein &
Kirkpatrick, 2010). The association of st with the resolution of problems has
been present throughout the last four decades, not as a specific category but
rather included in the practical literacy category.

The data collected reflect that the literature conceptualised three dif-
ferent—even if not mutually exclusive—categories for sL: practical, civic
and cultural (Shen, 1975). Practical literacy is defined as the capacity to
hold scientific knowledge that may be deployed in the resolution of prac-
tical problems (Dillon, 2009; She, 1975). At the turn of the century, new
challenges emerged in societies that called upon citizens to participate in
decision-making, rendering the development of critical thinking about the
role of science in society as a fundamental goal (Murcia, 2009). Science
is being challenged to provide the knowledge to counter the devastating
environmental problems that have been by-products of a century of war and
economic conflict (Munby & Shen, 2002). Out of this fact, arose the need
to approximate the dialogue among individuals or groups of individuals
and scientists (Levinson, 2010), as well as the idea that scientifically literate
citizens can apply scientific knowledge and develop the scientific thinking
necessary to resolve problems and make decisions in their personal, civic
and professional lives (Darling-Hammond, 2000; Holbrook & Rannikmae,
2009; Murcia, 2009). Literature defines a scientifically literate citizen as
a person who has “[...] (an) understanding of the (a) basic concepts in
science; (b) nature of science; (c) ethics that control scientists’ work; (d)
interrelationships of science and society; (e) interrelationships of science
and the humanities and (f) differences between science and technology
[...]” (Murcia, 2009), including the capacity to apply scientific knowledge
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to problem-solving. This group includes those authors who associate st with
the “capacity to identify just which scientific knowledge is best applied to
resolve problems” (Miller, 1998), to “usage of the process of science in the
resolution of problems, decision making and promoting an understanding
of the universe” (Siiliin et al., 2009; Yuenyong & Narjaikaew, 2009), and
the “individuals who use knowledge for the taking of daily decisions,
resolving problems, improving the quality of life and measuring the impact
of science on themes such as morality or ethics” (Boujaude, 2002; Dani,
2009b; Hurd,1998; Holbrook & Rannikmae, 1997). According to the data
collected, this dimension of st establishes a significant presence in the liter-
ature published throughout the first decade of this century. Accompanying
this category, the focus turns to the role of education in the development
of scientific thinking through science teaching. Schools should nurture the
development of science-based competences and knowledge, those holding
particular relevance at the social and professional levels, which enable the
citizen to face personal challenges and take responsible socio-scientific
decisions (Holbrook & Rannikmae, 2009; Jimoyiannis, 2010). According to
this, “[...] science educators have been encouraged to involve their students
in ways that allow them to develop a keen appreciation of the places where
science and technology articulate smoothly with one’s experience of life
[...]” (Roth & Lee, 2003). Levinson goes substantially further to defend that
“[...] if the teaching of the sciences serves democracy and is a source of
democratic values, there should then emerge an interdisciplinary curric-
ulum based on the resolution of problems that reflect the vast social and
global themes [...]” (Levinson, 2010, p. ). This approach should promote
the scientific proficiency to supply a shared laboratory of language, logic
and competences for the resolution of problems in the classroom (Liu,
2009). This scientific proficiency can be translated into citizen participation
in “socio-scientific issues that often involve complex problems,subject to
scientific data or ethical considerations” (Dani, 2009). In addition to this
perspective, there emerged a similar trend that seeks to involve students in
the classroom in “debates that result in a better understanding of the vital
role that science may perform in the resolution of important problems,
without ever forgetting its limitations and uncertainties” (Christensen,
2009; Witz & Lee, 2009). This idea correspondingly places the emphasis
on “community participation” and the “collective praxis” in the taking of
decisions on socio-scientific issues (McDonald & Songer, 2008; Roth &
Lee, 2004b; Songer et al., 2003; Witz & Lee, 2009).

Throughout this first decade, we find a very close relationship between
science and society with a particular emphasis on the applications available
to society. At this point, the highest level of s. requires an understanding of
the interactions of science with society in which scientifically literate citizens
will have the ability to think about the role science plays in society (Mur-



cia, 2009). This relationship of proximity brought about the proposal of two
complementary categories: “Understanding science and its applications” and
“Understanding and appreciating S&T and its interrelationship with society”.
The complementarity between these two dimensions requires closer scrutiny
of science in terms of its production, interpretation, communication, and
negotiation of scientific knowledge as a way of measuring the impact of
science on society (Wolfensberger et al., 2010). Thus, there is an essential
relationship between science and its technological application and society. It
is necessary to implement science curricula that, in an initial phase, focus on
knowledge about advanced scientific themes, and in a second phase, moves
onto the applications of science (Marks & Eilks, 2009; Rudolph, 2005; Wei,
2009). This assumption enables scientifically literate citizens to look more
critically at the role of science in society (Murcia, 2009). In these terms,
scientific education should hold the aspiration of developing the compe-
tencies enabling citizens to participate with reasonable comfort, trust and
responsibility in a society profoundly shaped by scientific and technological
applications (Fensham, 2009; Klop et al., 2010; Witz & Lee, 2009).

Alongside this bidirectional relationship between science and society,
another relationship began to take clear shape interconnecting st with the
nature of science when affirming that an understanding of nature played
an important role in the development of the st of citizens (Holbrook &
Rannikmae, 2009). Typically, the nature of science is defined as the way
in which scientists attain knowledge (Schroeder et al., 2009). Literature
include a category for the nature of science in their definitions of st (Kim &
Roth, 2008; Laugksch, 2000; Wolff-Michael Roth, 2007; van Eijck & Roth,
2010), given that it is not limited to holding scientific knowledge, but also
implies knowledge about the nature of science (Baker et al., 2009; Murcia,
2009; Wolfensberger et al., 2010). As the nature of science represents a
process involving different people (Baker et al., 2009), it is important that
the understanding of science includes the understanding of the values and
assumptions underlying scientific knowledge (Murcia, 2009) as well as the
epistemology of science (Gyllenpalm et al., 2010; Holbrook & Rannikmae,
2007). This may be expressed either through the nature of scientific knowledge
or scientific endeavors (Baker et al., 2009; van Dijk & Kattmann, 2007; Yore et
al., 2007). Hence, different authors sustain that s. depends, at least in part,
on the public understanding of the nature of science in the belief that it
facilitates learning about scientific questions and their respective content
(Dijk, 2011). In this context, knowledge about the nature of science proves
essential to making informed decisions on socio-scientific issues and, in this
way, becoming scientifically literate (Hand et al., 2010; Yore et al., 2003).

Indeed, st is placed on an appreciation of the nature of science, the
development of personal attributes and the acquisition of socioscientific
skills and values (Holbrook & Rannikmae, 2009). It is generally agreed that
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[...] a science-literate individual possesses a basic vocabulary of sci-
entific concepts and terms, knowledge of the processes of science
utilized to test our models for making sense of the world, and an
appreciation of the effect of science and technology on society, to a
degree sufficient to participate in dealing with the increasingly large
number of science—and technology—Iladen public policy questions
we face. (Roth & Lee, 2009).

This framework for si. stems from the assumption that science serves as
a driving force for democratic values and solidarity and that an awareness
of science and the methods of science will lead to an appreciation of
science among citizens (Deboer, 2000; Holbrook & Rannikmae, 2009a).

Correspondingly, the literature puts forward a dimension to s. charac-
terised by its “Appreciation and comfort with science, including admiration
and curiosity” and based upon a change in behaviour towards science that
embodies a transition from a passive attitude to a proactive involvement
in the appreciation of scientific knowledge (Plakitsi, 2010; Symington &
Tytler, 2004). To put this attitudinal change into practice requires strategies
to nurture creativity and motivation towards scientific themes, so as to attri-
bute greater significance to the role played by s&t in our culture (Osborne,
2007; Pedretti & Nazir, 2010; Roth et al., 2009). In this sense, science and
technology are the most significant determinants in our culture. “In order
to decode our culture and enrich our participation—this includes protest
and rejection— an appreciation/understanding of science is desirable”
(Osborne et al., 2010). Coupled with this idea, “scientific literacy is placed
on an appreciation of the nature of science, the development of personal
attributes and the acquisition of socioscientific skills and values” (Holbrook
& Rannikmae, 2009).

The st represented through these dimensions describes a matrix in
which this construct is clearly identified as knowledge, but also coupled
with thinking and acting (Bybee et al., 2009; Ford, 2006). Hence, this
conceptual matrix gets deeply influenced by the trust and confidence and/
or the willingness of citizens to get involved with science-based contexts
(Reveles et al., Rudolph, 2004). A scientifically literate citizen needs the
capacity to use science as a tool for inquiring and discovering; apply
science as a means of learning, getting informed and contributing to the
resolution of problems; and critically reflecting on the usage and the role
that science performs in society (Witz & Lee, 2009). Optimising this assim-
ilation, in turn, requires the development of these dimensions that occur
in a sequential form, beginning with knowledge about science, advancing
towards an understanding of the nature of science, which leads to an
understanding of the relationship between science and society (Bybee &
McCrae, 2011; Ford, 2006; Murcia, 2009; Silin et al., 2009).
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Conclusion

The literature review made it possible to observe a mutation in the defini-
tion of literacy throughout the first decade of the twenty-first century. This
mutation in the scientific literacy construct accompanied all economic,
social and cultural transformations that characterized the transition to
the new millennium. Thus, rather than remaining static, scientific literacy
acquired a deictic nature, as a construct that quickly changes its meaning
when the context in which it operates changes.

Regarding the research questions, the authors drew the following
conclusions.

What paradigm defined the si existing in the early twenty-first century?

st was clearly defined as a multidimensional construct, characterised
by a composite of concepts and ideas about science, the nature of science
and the integration of science into society. This conceptual framework that
structures the new paradigm of st arises from the interaction between the
four following dimensions: concepts and ideas about science, the nature
of science, interactions of science with society and the valuation and
appreciation of science.

How did this construct evolve over the course of the first decade of
the twenty-first century?

This polymorphic conception of s. stems from the bifurcation in a
construct understood as fundamental, which enables citizens to understand
the essential ideas of science and the relationships they maintain with the
scientific method and the nature of science — and a construct perceived
as a consequence that emphasizes the cognitive capacities and critical
thinking as an instrument through which it becomes possible to inform
other citizens and to participate in the public debate about science and
technology more fully.

What model of st characterises the relationship between science and
society?

The interaction science-society, in what refers to the application of
science on a daily basis, its implementation and its effects in social and
natural environments, is one of the most evident mutations in the catego-
rization of scientific literacy. There is a shift from the idea of learning of
scientific contents to their application in society.

This new conceptual matrix suggests a change in the relatively passive
form of appreciation of science and the way it operates in society towards
a commitment to personal involvement with science. This change occurs
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in the way of understanding the nature of science, in the idea of analyzing
how science behaves in society, in the way to interact with the scientific
society, and in the utility of scientific knowledge throughout life.

The construction of the normative clarification in the context of st led
to upgrade research lines in science education inherent to this construct.
In this context, stands out the idea of sL as a socio-scientific construct
encompassed in a technical and scientific society where citizens are asked
to be active and responsible members (Hofstein et al., 2010). This view
emphasizes the contextualization of scientific themes combined with other
dimensions—such as critical thinking, education for citizenship, and
personal and collective responsibility of students—in order to provide
them with sociocentric skills that enable them to be socially active citizens
in the future (Wolfensberger et al., 2010).

A scientifically literate citizen recognises the accumulative, provisional
and sceptical nature of science, the limitations to scientific inquiry, the need
for the presence of sufficient evidence and consolidated knowledge for
supporting or rejecting propositions, the impact of science and technology on
the political, social and economic environment and as well as the influence
of society on science and technology. This posits a challenge for the research
lines in science education in favour of this scientific literacy construct.

Future research

Since scientific literacy is an emerging construct, a universal and unam-
biguous definition is a complicated task. There is a constant risk of being
outdated as a result of the circumstances surrounding it. In this sense, and
as future research, we will try to verify if this conceptual matrix has been
transposed into education policies. For this purpose, we suggest to analyse
public policy documents produced by different local, regional, national
or transnational authorities.
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