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Abstract  
In the 21st century, citizens need to accompany the scientific and technological developments that are 
now emerging at an accelerated pace. The information that reaches them in different manners and 
across different communication platforms requires processing and assimilation to subsequently be 
applied in active participation in society. This is precisely the point of origin of studies adopting the 
education-science-technology-society perspective in order to develop a critique of society’s 
participation in the debate on the ways that science and technology should advance. The idea of 
developing a collective cognitive potential enables citizens to understand reality, granting them a valid 
direction in life and thereby making its material action on society more effective. This active civic 
participation in the social collective foundations should be socio-scientific in nature, that is, more than 
having some basic set of scientific knowledge, citizens should also hold a vision of how these skills 
relate to other events in society, why they are important and what vision of the world derives from 
them. This formulation fits one possible definition of the term Scientific Literacy. Scientific literacy, 
itself, represents a construct displaying an organic and not static dimension that had grown and 
branched out into different areas and hence the crucial relevance in tracing the conceptual 
developments of recent years. 

The preliminary results of this research account for the association of scientific literacy to a vast 
spectrum of ideas/concepts that range from the substantive knowledge of science that allows citizens 
to distinguish between science and non-science, to understand the nature of science, including the 
relationship with culture, the ability to think critically about science and to interrelate with scientists. 

This panoply of associations allows to conclude that scientific literacy has come to acquire a deictic 
nature as a construct that rapidly changes in meaning and subject to modification by the context in 
which it operates. This clearly constitutes a huge difficulty to the elaboration of any universally 
accepted definition. 
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1 INTRODUCTION 
In the 21st century, citizens need to accompany the scientific and technological developments that are 
emerging around them at an accelerated pace. The information arriving at the individual level, in 
different fashions and across diverse communications platforms, requires processing and assimilating 
so that it may later be applied in their active participations in society [1]–[3]. This idea of developing 
our collective cognitive potential enables citizens to grasp reality, attribute it with a valid meaning to 
their lives and, in this way, render their material actions on society more effective [4]. As such, 
individual civic participation in the social collective should be leveraged by a socio-scientific matrix [2] 
in order to, rather than merely possessing a basic set of scientific knowledge, ensure citizens are 
rather able to deploy a vision as regards how this knowledge and these developments interrelate with 
other events in society, the reasons for their importance and what is the vision of the world stemming 
from them [5]. This formulation falls within the framework of the definitions feasible for the term 
Scientific Literacy. Since getting introduced in the late 1950s [6], the term scientific literacy has 
undergone successive upgrades following a more limited interpretation of its meaning that 
incorporated three areas: i) deploying the basic scientific vocabulary that enables the reading of 
documents by the media, ii) grasping the nature of science and iii) understanding the impacts of 
science and technology on the individual and society [7] to arrive at a more radical version in which 
the citizen is called upon to get involved in decision making on scientific and technological themes 
within local contexts [8], [9]. There thus emerges a new role for citizens in which they do not all need 
to hold the same level of scientific literacy with the most important factor encapsulating the emergence 
of scientific literacy as a collective property [10] in order to foster a shared legitimacy and responsibility 
for the decisions taken.  
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As a concept that has undergone profound reformulations, the lack of any broad consensus around 
the definition of this term is also observable [5], [11], [12], which grew exponentially when scientific 
literacy became the major objective of different reforms carried out to science education. The reason 
underpinning the approximation between the academic domain and the societal domain stemmed 
from the confluent movement towards a cognitive understanding of science and its application to the 
themes of society. This objective proves in keeping with a coherent line of thought that seeks to 
establish clear and significant connections between the science taught in school and the science 
applied outside of school. The approximation of these dimensions made it clear how scientific literacy 
represents a fairly complex construct, difficult to either define or achieve [13].  

This represents a construct that has historically been subject to various different definitions ever since 
Paul deHard Hurd first utilised the term in 1958 [14], [15] and subsequently very often applied with 
different meanings. We attempted to span all of these different meanings [16] and categorise the 
different utilisations of the term scientific literacy as follows: (a) substantive knowledge about the 
contents of science and the capacity to distinguish between science and non-science; (b) 
understanding science and its applications; (c) knowledge about what is science; (d) independence in 
the scientific learning process; (e) the capacity to think scientifically; (f) the capacity to apply scientific 
knowledge to the resolution of problems; (g) the knowledge necessary to intelligently participating in 
scientific based themes; (h) grasping the nature of science, including its relationship with culture; (i) 
the value and interest awarded to science, including admiration and curiosity; (j) knowledge about the 
risks and the benefits of science and (k) the capacity to engage in scientific thinking and to interrelate 
with scientists. This organisation of categories, in the relationship between scientific literacy and the 
teaching of sciences, was not applied due to the myriad of possible meanings of the term scientific 
literacy that potentially at least generate confusion as regards the precise meaning of this construct 
and hence there was the proposal to remove this term from the goals set for scientific education [17]. 
Nevertheless, there remains the need to ensure that citizens are in possession of general, broad and 
useful knowledge about science that contributes to them achieving their personal and social 
objectives. [18]. This same idea was deployed by the Organization for Economic Cooperation and 
Development (OECD), when defining PISA – the International Program of Students Evaluation, with 
scientific literacy stated as the capacity to apply scientific knowledge, identify questions and present 
conclusions that enable an understanding of assistance to taking decisions about the natural world 
and about the alterations brought about as a result of human intervention [19].  
All of these components convey how a scientifically literate individual needs not only the intellectual 
capacity but other attributes - attitudinal; societal and interdisciplinary – to grasp and actively intervene 
in that taking place around them [20].  

This research stems from two of these attributes – intellectual and social – and analyses the evolution 
of the scientific literacy construct over the last decade and to this end seeking answers to the following 
research questions: what paradigm defined Scientific Literacy in existence at the beginning of the 21st 
century? What has been the evolution of this construct over the first decade of the 21st century? What 
model of scientific literacy characterises the relationship of science with society?  

To respond to these questions, we carried out a systematic review of the literature on the Scientific 
Literacy construct taking the first decade of this century as our temporal framework. Making recourse 
to the Web of Knowledge® and the profusion of articles published on this theme, we selected the 250 
most cited articles in this timeframe. Subsequently, with Nvivo® software, we undertook qualitative 
analysis for the different categories of Scientific Literacy.  

2 SCIENTIFIC LITERACY 

2.1 Historical Evolution  
The presence of science on school curriculums dates back to the 19th century and owes much to the 
pressure applied by scientists of that period such as Thomas Huxley, Herbert Spencer, Charles Lyell 
and Michael Faraday to ensure that teaching extended to the scientific realms [21]. At the time, this 
position in favour of the teaching of science in schools encountered strong opposition from the 
humanities and hence it was the responsibility of each scientist to take a proactive attitude in arguing 
about the utility of science and avoiding that the field got seen as a materialist activity without any 
intrinsic virtue [11]. The promotion of science teaching in schools advanced with the need to endow 
citizens with independent levels of scientific thinking in order to foster the broad reaching and efficient 
participation of citizens in society. This need to produce autonomous thinking became one of the 
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objectives of education as Elliot defends [6] “an education that produces a student who does not apply 
a theory that does not require acquired competences in practices or that does not apply their faculties 
to productive purposes, is an education that fails in its primary objective.” This line of thinking is 
underlined by John Dewey when he states: “Independently of what science means for the scientists, 
for educational purposes, this is knowledge about the conditions of human action” [22].  

Even while some of the concerns remain about the level of relevance that the school curriculums 
applied to the role of science, very often forgetting that the fundamental purpose of science is 
knowledge about the natural world and how this shapes the personal and social lives of citizens, this 
retained a leading role in the period between the two world wars [1], [3], [23], [24] 

In the wake of World War Two, the role of Science and Technology (S&T) in society advanced 
exponentially, which had as its consequence an increase in the level of civic participation in scientific 
and technological themes [25]. This citizen participation evolved in different ways and over different 
timeframes in different circumstances, which led Miller & Pardo to frame the impact of science on the 
diverse dimensions of society over three periods:  1st – between the end of World War Two and the 
end of the 1950s; 2nd – beginning of the 1960s; 3rd – beginning of the 1980s [26].  

Deepening this line of thought, Miller & Pardo affirm that following the ending of World War Two, the 
work undertaken by engineers and scientists gained greater recognition and value due to the rise in 
the standards of living of societies. Hence, the diverse practical applications, including such particular 
breakthroughs as the production of new medication, new aeronautical industry planes, pesticides or 
the evolution of communications that were able to reach an ever increasing number of individuals, 
which collectively ensured the greater valuation applied to scientific and technological knowledge [27].  

Continuing with this historical sketch, the second phase came with the beginning of the 1960s with the 
publication of a series of books that defended the participation of society in the taking of decisions 
about S&T related themes. These publications advocated for the closing of the distance between 
citizens and scientists in terms of knowledge with the objective of individuals becoming socially 
participative [11]. This idea about greater civic participation derives primarily from the utilisation of 
different technological applications that would later prove to be harmful whether to societies or 
especially to nature and that triggered doubts about the inherently positive influences of S&T in the  
vanguard of development and social wellbeing as well as the role that each citizen should perform in 
defining the boundaries for this same S&T [11], [28]. Despite this desire for civic participation, various 
governments, scientific and technological organisations and the scientific community as a whole do 
not 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 state, and coinciding with the third 
phase, recognition emerged across much of the political and scientific community as to how citizens 
might veto certain scientific projects. This third phase also reveals how citizens had in the meanwhile 
acquired far greater scientific information due to the exponential increase in scientific communication, 
which had as its main consequence a major boost to both the speed and quantity of public debates on 
S&T related themes. Continuing this same line of thinking, various authors have defended how this 
exponential growth in the numbers of debates around scientific and technological themes, as well as 
the profile attributed to these debates, amounts to the greater scientific literacy on behalf of citizens 
[23], [25], [26], [28], [29].  

2.2 Nature of the Concept   
Taking into consideration this historical perspective, at the beginning of the 20th century, there were 
diverse interpretations and usages of the term literacy with this construct then perceived as a synonym 
for the minimum learning, skills or functional capacities necessary to living in society [15]. The 
characterisation of this construct was put forward by many authors, evolved empirically and underwent 
diverse mutations that led to the emergence of six dimensions that sought to bridge the gap in the 
relationship between science and the individual and consequently ensured individuals were able to: 
(a) grasp the nature of scientific knowledge; (b) apply the concepts, laws, principles  and theories that 
interact with the universe; (c) build up an image of the universe, thereby helping to take decisions and 
resolve problems; (d) appreciate and understand the interaction existing between S&T and the 
interrelationship of these two with other aspects of society; (e) hold a positive but excited vision of the 
universe as a result of scientific education; (f) develop a wide variety of S&T associated competences. 
[7], [15], [30]. Arising out of the proposal of these dimensions, the interpretation of the scientific literacy 
definition became subject to the following set of factors: scientific literacy interest groups; different 
objectives to lobby for within the scope of promoting scientific literacy; different conceptual definitions 
of the term; different modes of mediation; and, the relative or absolute nature of literacy [7], [15]. 
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From the conjugation of these dimensions with their different factors, the early 21st century saw the 
emergence  of the following conceptual vision of scientific literacy (fig.1) [15]. 

 

3 RESULTS 
Scientific literacy is a construct of many and varied studies that led to the utilisation/production of 
varied differing and, on occasion, also highly confused definitions of scientific literacy [20]. Within this 
framework, we undertook a systematic review of the literature and the qualitative analysis of this 
construct over the period from 2000 to 2010.  

This research made recourse to the Web of Knowledge® which returned results for the expression 
“Scientific Literacy”, which resulted in the selection of the 250 most cited articles. Following the 
definition of the articles for analysis, these were imported into the Nvivo software, which then carried 
out the codification based upon the following categories as defined in the literature [19], [23], [26], [31]: 
(a) substantive knowledge about the contents of science and the capacity to distinguish between 
science and non-science; (b) understanding science and its applications; (c) knowledge about what 
science is; (d) independence in the process of learning science; (e) capacity to think scientifically; (f) 
capacity to apply scientific knowledge to the resolution of problems; (g) knowledge for an intelligent 
participation on themes underlying science; (h) understanding the nature of science, including the 
relationship with culture; (i) valuation of and ease with science, including admiration and curiosity; (j) 
knowledge of the risks and the benefits of science and (k) capacity to maintain scientific thinking 
processes and interrelate with scientists.  

From the results of this qualitative analysis, we may infer the primacy of some categories to the 
detriment of others, with a particular emphasis on the “capacity to apply knowledge in the resolution of 
problems”, “grasp the nature of science, including the relationship with culture” and “to understand 
science and its applications”. The category “substantive knowledge on the contents of science and the 
capacity to distinguish between science and non-science” comes in for highlighting at either end of the 
decade, with articles stressing this facet between 2001 and 2002 and later between 2008 and 2010. At 
the beginning of the decade, there is an attempt at abandoning the dichotomy between science and 
non-science, characteristics of the Public Engagement with Science movement striving for an 
approximation between these two categories. Michael defends how “the need to create interlinkages 
between science and non-science within the scope of exploring the interpenetration of science with 
society” [32], [33]. The demarcation between these two categories “began losing visibility in the 
philosophical circles even with science and technology gaining an unequable authority and the 
creationists and various post-modernist groups challenging this same authority” [34]. Later, at the end 
of the decade, the approximation between science and non-science lost in strength when many 
different researchers began defending the need for schooling to teach the distinction between the two 
categories [35], [36]. As regards the category “science and its applications”, this attained only a 

Fig.1 – Conceptual vision of scientific literacy. 
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residual presence in the bibliography of the first decade of the 19th century. The references found refer 
to the definition put forward by Hurd in 1958 when he affirmed that “scientific literacy is the 
understanding of science and its applications to the social experience” [29], [31], [37].   

Contrary to the previous category, the “capacity to apply scientific knowledge to the resolution of 
problems” significantly gained in importance in the late 1990s. Current society, as a new world order, 
deeply rooted in the global economy and requiring citizens to acquire competences that enable them 
to swiftly summarise and evaluate new information, think critically and resolve problems [31], [38]–
[41]. This intelligent reflection, which deploys the intellectual tools of science, philosophy and art to the 
resolution of shared problems and to the adaptation of new solutions, thus represents a competence 
needing development by citizens and that involves not only the logical and rational mechanisms 
inherent to the solving of problems but also extends to intuition, emotion and passion [42]–[44],[45]–
[47]. The association of scientific literacy to problem solving has been constant throughout the last four 
decades not as a specific category but instead included within the scope of the Practical Literacy 
category. Dillon set out three distinctive, even while themselves not mutually exclusive, categories for 
scientific literacy: practical, civic and cultural. Practical literacy then became defined as the capacity to 
hold scientific knowledge susceptible for utilisation in the resolution of practical problems [48]. At the 
turn of the century, new challenges were then emerging in society for which citizens were called upon 
to participate and take decisions and hence reflecting in a fundamental need to develop critical 
thinking on the role of science in society [23]. Stemming from this need was that of approximating the 
dialogue between individuals or groups of individuals and the respective scientists [46] and 
simultaneously developing new categories for Scientific Literacy that embrace these new challenges. 
We thus observe, within this scope, a refinement in the definition of scientific literacy that led to the 
appearance of diverse and different categories. This new conceptual framework deploys the 
perception that scientifically literate citizens are capable of applying scientific knowledge and 
undertaking scientific rationale that enable them to resolve problems and take decisions in their 
personal, civic and professional lives [18], [31], [49]. Various authors proposed and refined the 
conceptual framework of scientific literacy whilst always including the capacity to apply scientific 
knowledge to problem solving. Various authors prove examples of this in their association of scientific 
literacy to the “capacity to identify what scientific knowledge best applies to the resolution of problems” 
[7], to the “usage of scientific processes for the resolution of problems, decision making and promoting 
an understanding of the universe” [50] through to the “individuals that deploy knowledge to take 
decisions in their daily lives, to resolve problems, improve the quality of their lives and measure the 
impact of science in terms of themes such as morals and ethics” [45], [50]–[52] as well as to the 
“usage of scientific processes in the resolution of problems and in decision making” [39], [53]. This 
category of scientific literature represents a significant thread throughout the literature of the entire first 
decade of the 21st century. In parallel, accompanying this category, there emerged the role of 
education in the development of scientific thinking through the teaching of sciences. Various authors 
defend how the school best fosters the development of scientifically based competences and 
knowledge, with particular relevance to the social and professional levels enabling the citizen to 
resolve personal challenges and take socio-scientifically responsible decisions [31], [54]. Levison goes 
further in defending how “if the teaching of the sciences serves democracy and is a source of 
democratic values, then there should emerge an interdisciplinary curriculum based on the resolution of 
problems that reflect the vast social and global themes” [46]. This approach should foster scientific 
proficiency in order to provide a shared laboratory for experiences in language, logic and 
competences in the resolution of problems in the classroom [55] that may be transposed to the “socio-
scientific themes that frequently involve complex problems subject to given scientific facts or ethical 
considerations” [43]. Beyond this perspective, there also emerged another similar view in seeking to 
involve students inside 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 what are their 
limitations and uncertainties” [40], [44]. This idea correspondingly also emphasises “community 
participation” and the “collective praxis” in the taking of decisions on socio-scientific issues [9], [47], 
[56], [57]. 

Throughout this first decade, we encounter a very close relationship between science and society, 
with a particular emphasis on the applications available to society. The understanding of the 
interaction of science with society requires a high level of scientific literacy [23]. This close relationship 
justified the establishing of the category “understanding science and its applications”, which requires a 
more attentive perspective on science within the scope of its production, interpretation, communication 
and negotiating the scientific knowledge necessary to measuring the impact of science on society [58]. 
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This premise enables scientifically literate citizens to look more critically at the role of science in 
society [23].  

Alongside this bidirectional relationship between science and society, another relationship took on 
greater density in its conveyance of the interconnection between scientific literacy and the nature of 
science in affirming how the understanding of nature represents an important role in the development 
of citizen scientific literacy [31]. Typically, the nature of science gets defined as the way in which 
scientists attain knowledge [59]. Various authors include in their definition of scientific literacy a 
category for the nature of science [15], [60]–[62], given that knowledge on scientific literacy extends 
beyond holding scientific knowledge to also imply knowledge about the nature of science [23], [58], 
[63] As the nature of science constitutes a process with many steps [63], understanding science also 
needs to include grasping the values and assumptions of scientific knowledge [23], as well as the 
epistemology of science [12], [64]. Expressions of this type may focus on the nature of scientific 
knowledge or on the nature of the scientific undertaking [65]–[67]. To this end, different authors 
maintain that scientific literacy depends, in part, on the public understanding of the nature of science 
given the assumption that understanding the nature of science facilitates learning on scientific 
questions and contents [34]. In this context, knowledge about the nature of science correspondingly 
becomes essential to the taking of informed decision about socio-scientific themes and therefore 
correspondingly demonstrating their scientific literacy [68], [69].  

4 CONCLUSION 
In current society, science does not emerge as a single body of knowledge and coherent practice, 
objective and free of problems [70]. On the contrary, science very often ends up surrounded in 
uncertainty and controversy and actually incapable of responding to important questions on those 
themes that citizens need to deal with. Hence, individuals need competences such as those drawing 
up scientific culture, being rational, thinking critically, taking the appropriate decisions to resolve 
problems confronted over the course of life and requiring the right choices be made. [71]. 

From the literature review, we were able to capture a mutation in the scientific literacy definition over 
the course of the decade, a mutation that accompanied the economic, social and cultural 
transformation taking place in society in the meanwhile. Instead of remaining static, the scientific 
literacy concept acquired a deictic nature as a construct that rapidly changes in its meaning when the 
surrounding context undergoes modification. In turn, these modifications have sought to endow 
citizens with the tools enabling their active participation in society. 

Even while this facet hinders the elaboration of any perfectly balanced definition of scientific literacy 
able to incorporate the different trends existing in the literature, scientific literacy clearly represents a 
multidimensional construct at the end of the first decade of this century, characterised by a composite 
of concepts and ideas about science, about the nature of science and about the interactions between 
science and society [23], [66]. This conceptual framework structuring the definition of scientific literacy 
rests upon the intersection of three dimensions, concepts and ideas about science, the nature of 
science and the interactions of science and society with the objective of clarifying the type of 
knowledge, competences and functions required to act scientifically in contemporary society [43], 
[72]–[74]. 

Within this scope, a scientifically literate citizen needs to hold knowledge on the most important 
themes of science both to their daily lives in current terms and of relevance over the decade to come. 
Such a range of knowledge requires interweaving with knowledge on the nature of science including 
an understanding of the values and inherent assumptions to the development of scientific knowledge 
and the epistemology of science [20], [23], [69], [75]. Furthermore, subsequently, there comes the 
interactions between science and society in terms of the application of science in daily citizen lives 
and not only the way such gets implemented but also the effects that this causes on the social and 
natural environments [1], one of the clearest mutations in the categorisation of scientific literacy to the 
extent that we encounter a migration in the idea of the “learning” of scientific contents towards the 
“application in society” of the contents of this scientific matrix.  

The scientific literacy represented through these three dimensions undergoes description in a new 
matrix  in which the construct clearly gets identified with Knowledge but also with Thinking and Acting 
[37], [76]. Within this framework, this conceptual matrix gets strongly influenced by the confidence of 
citizens and/or their willingness to get involved in the context of science. To this end, scientifically 
literate citizens need to display the capacity to apply science as a tool to inquire and discover; to apply 
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science to learning, to get informed and contribute towards the resolution of problems as well as 
critically reflecting on the usage and the role that science plays in contemporary society. To optimise 
this assimilation in turn assumes that the development of these three dimensions takes place in a 
sequential fashion, beginning with knowledge about science, advancing towards an understanding of 
the nature of science, which in turn nurtures an understanding of the relationship between science and 
society [23], [39], [76], [77].  

The entire scope of this new matrix calls for a change in the relatively passive stance of appreciating 
science and the way that this operates in society towards a commitment expressing personal 
involvement in science, characteristic of the scientific literacy necessary to grasping the nature of 
science in order to analyse how science behaves in society. This extends to the forms of relationship 
with the scientific elites and thus fostering a more political involvement in the taking of decisions 
around the theme of society and a more utilitarian and immediate framework for the learning of 
scientific knowledge appropriate to broader reaching visions, with the lifelong learning process 
correspondingly striving for human wellbeing.  

As scientific literacy represents an emerging construct, any universal and unequivocal definition 
represents an inherently complicated task given that, courtesy of the surrounding circumstances, we 
run the risk of falling out of date even while in the process of building the school. Taking into account 
this facet renders the task of defining just which assumptions citizens with high levels of literacy attain. 
These assumptions involve an understanding of the history and the nature of science, the relationship 
between science and other fields and the interrelationships of science, technology and society. This 
enables us to conclude that a scientifically literate citizen is one who recognises the accumulative, 
provisional and sceptical nature of science, the limitations to scientific inquiry, the need for sufficient 
evidence to exist and consolidated knowledge in order to support or reject the claims made, the 
impact of science and technology on the political, social and economic environments and the influence 
of society on science and technology. 
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