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Scientific literacy has been increasingly considered a major goal of science education. While text-
books remain the most widespread tools for pursuing this goal within classrooms, they have been
slow to adapt to the most recent epistemological paradigms, often still conveying distorted views
of science and technology. Accordingly, we present herein a theoretical framework specifically in-
tended to highlight the potential of textbooks to promote students’ scientific literacy. It is addi-
tionally argued that, often, the misconceptions conveyed by textbooks represent obstacles to the
acquisition of a fair image of science and, therefore, to the acquisition of scientific literacy. Final-
ly, a textbook analysis is suggested.
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Introduction

Science and technology interfere constantly, and in tight coexistence, with our daily lives. In spite of
that, the complex arguments raised in the course of scientific and technological controversies are often
not well understood (Miller & Pardo, 2000; Organisation for Economic Co-operation and Development
[OECD], 2007). Although the media increasingly make scientific information available to the public
(Brossard & Shanahan, 2006; Lewenstein, 2001), this information seems to be unintelligible to the vast
majority of consumers. Therefore, the challenge in the classroom is to provide individuals with the
background required to understand the news. Koelshe (1965) already highlighted the pressing need to
improve peoples’ scientific background. Nevertheless, scientific-technological issues, frequently in-
volve complex interactions between several social entities. Their analysis, understanding and judgement
must rely on more than the underlying scientific knowledge (Reis, 2008). Citizens should be aware of
what triggered certain research, how knowledge was achieved, what this achievement represents and
how it may positively or negatively affect individuals, society and the environment.

Science educators in particular have the double task of conveying, to all students, the scientific
background required for conscious citizenship, while preparing students intending to pursue scientific
careers. In consequence, Osborne and Dillon (2008) pointed out the importance of ‘scientific literacy’
(SL) in science education, irrespective of the students’ professional future. Hereby, the actual meaning
of the term “SL” needs discussion, especially which content should be conveyed, how students are
helped to become scientifically literate citizens, whether current learning materials in particular science
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textbooks are adequate means to that end and, finally, how deficiencies in textbooks are to be surveyed.
Therefore, the objectives of our study are the following:

- (i) To reflect about the concept of SL, which is seen as a pre-condition to identify the range of
general requirements a citizen should comply with in order to reach scientific literacy. In our view,
science textbooks need to foster the development of SL. These ideas exceed the level of factual knowl-
edge (knowledge of science), which is quite rigidly determined by syllabi, and therefore less dependent
on textbook authors' options or epistemological orientations. Consequently, our focus was set on the
fields known as Nature of Science (NoS), Nature of Scientific Inquiry (NoSI) and Science-Technology-
Society-Environment (STSE), to which guidelines allow wider elbowroom.

- (ii) To highlight the potential of textbooks to promote the understanding of science and tech-
nology and their interplay with society and the environment.

- (iii) To discuss how distorted views of science and technology (misconceptions), consciously
or unconsciously conveyed by textbooks, may constitute obstacles to that understanding.

- Last but not least (iv) to highlight how detecting those distorted views in textbooks can help to
determine the extent to which a textbook may contribute to SL.

Science Curricula: Problems and Challenges

A major concern, for instance, expressed by Osborne and Dillon (2008) is that progressively fewer
young people seem to be interested in scientific and technical subjects. Research has shown that even
bright and creative science students, discouraged by a boring and irrelevant curriculum, drop out of
science (Aikenhead, 2002). On the other hand, to students who are pursuing neither scientific nor tech-
nical careers, the conventional school curriculum has little relevance to their future lives (Aikenhead,
1980; Layton, Jenkins, Macgill, & Davey, 1993; Millar & Osborne, 1998).

Although several voices (Rocard 2007; Osborne & Dillon, 2008) claim the importance of de-
veloping efforts to re-imagine science education in order to fit the modern world and meet the needs of
all students. These authors argued that, during the last two decades, little attention has been given to its
nature and structure, and curricula mainly focus on factual knowledge. Fensham (2002), for instance,
claimed an urgent need to recruit new “drivers” to form a counterweight to those who are steering the
curriculum process. Contesting the value of the preponderance of factual knowledge in curricula, he
argued that, in conflicting decisions, individuals values are more important determinants of trust in the
scientific information than factual knowledge of science. Moreover, he criticized attempts to enrich this
curriculum with NoS or STS material, because it is simply been added to an already excessive body of
scientific content. Considering the traditional techno-scientific approaches, some authors argue that
they have failed in the classroom because they have not been prepared explicitly to embrace ethical
considerations as a preliminary to any discussion of civic SL (Zeidler, Sadler, Simmons, & Howes,
2005; Sadler & Zeidler, 2004; Bell & Lederman, 2003).

This problem is intimately connected with that of representations of science and technology be-
ing placed in curricula which, according to Rudolph (2003), are shaped by scientists’ activities and the
social and political context in which they are developed. Quessada and Clemént (2007) favoured the
didactic transposition of scientific ideas as resulting from the interaction between knowledge, values
and social practices and pointed to a delay associated with the transfer of scientific ideas from curricula
to textbooks. It is legitimate to assume that not only is factual knowledge affected by these constraints,
but also by the ideas having emerged from the epistemological debate surrounding the image of science
and how it should be conveyed to students.
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Scientific Literacy: State of the Art

The term “SL” became a recognized educational term connected with the contemporary educational
goal of “science for all” (UNESCO, 1983), and nowadays it represents the main goal of science educa-
tion (DeBoer, 2000; Hodson, 1998). However, a consensual definition has not yet been reached
(Shamos 1995). Together with the concern for public engagement in science and technology that
emerged in the 1980s, the movement for Public Understanding of Science (PUoS) arose to instil confi-
dence in and support the scientific enterprise. Another movement, “science for all”, envisaged a shift of
the curricular science education towards the needs of the majority of students, those not pursuing scien-
tific or technological careers. It thrived under the catchy American slogan “SL” (Turner, 2008). Several
definitions of SL have been proposed since then, varying according to their historical and political con-
texts (Turner, 2008), and based on interest groups (Laugksch, 2000) or on economical, utilitarian, cul-
tural, democratic, or even moral arguments (Millar, 2002; Osborne, 2000; Thomas and Durant, 1987).
Among them, two major labels prevail: “nature of science” (NoS) and “science, technology, and soci-
ety” (STS) which, together, converge to the concept of “civic SL” (Turner, 2008). From that perspec-
tive, these two domains comprise the knowledge that citizens should be aware of as requirements for
understanding and judging scientific and technological advancements. However, note that STS and
civic SL are not just two labels for the same concept.

Consonant with the Nature-of-Science movement (NoS), for Durant (1993, p. 129) SL stands
for “what the general public ought to know about science”. Jenkins (1994) extends this concept by ar-
guing that SL requires “an appreciation of the nature, aims, and general limitations of science” (p.
5345), which can also be summarized as knowing about science. However, in his view this knowledge
must be coupled with some understanding of the conceptual knowledge achieved by the scientific en-
terprise. Schwartz and Lederman (2008) also linked these two domains, although emphasizing each of
them differently. According to them, scientifically literate individuals should possess not only a con-
ceptual knowledge of science, but also epistemological views of science that are consistent with the
currently acceptable ones. For these authors, epistemological views of science involve two separate yet
overlapping concepts: one’s view of scientific knowledge as a way of explaining the nature of science
(NoS); and one’s view of the processes through which that knowledge is acquired, constructed and
justified - nature of scientific inquiry (NoSI).

Some authors defend that students’ understanding of the scientific enterprise (involving both
the NoS and the NoSI) is increased by allowing them to engage in authentic science (Gaskell, 1992;
Turner & Sullenger, 1999; Scharfenberg & Bogner, 2010). The "authentic science movement" entered
into powerful symbiosis with the constructivist learning theory, as it expected students to extract an
individual meaning from the results they obtained, both through analysis of obtained data and through
classroom discussion and negotiation (Turner, 2008).

Along these lines, the so-called Rocard report (Rocard et al., 2007), while calling for an urgent
reform of science education, recommended inquiry-based methods for raising students’ interest in sci-
ence and for developing certain intellectual skills. It is, however, relevant to determine to what extent
inquiry-based teaching contributes to the students' SL. According to NSES (NRC, 1996) and Bench-
marks for Science Literacy (AAAS, 1993), it is the understanding of NoSI, rather than the skills of in-
quiry, that contribute to scientific literacy.

For different reasons, the arguments above support the thesis that understanding the nature of
scientific enterprise from the internal perspective and its methods contributes to SL. Nevertheless, re-
cent studies point out that students’ attitudes towards socio-scientific issues are determined more by
ethical assumptions than their understanding of the “methods of inquiry” or by the “nature of science”
(Turner 2008). Halfway between these two positions the referenced Rocard report, despite emphasizing
inquiry-based methods, highlights the understanding of the interactions between science, technology
and society as a pre-requisite for acquiring “science literacy”. Major multinational studies are currently
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being carried out to support the requirements above formulated (e. g. EU-projects such as PATHWAY,
ESTEM, FIBONNACI, etc.).

A shift in science education appears to be occurring as goals are being set beyond the internal
perspective of science, crossing the boundaries of the subject-focused scientific community. The rela-
tionship between science and technology, as well as their positive and negative repercussions in society
and the environment, has been gaining increased prominence. Over the past three decades a movement
called “Science-Technology-Society” (STS) (Turner, 2008) challenged the status quo of science educa-
tion and asked for a redefinition of SL. Accordingly, the STS slogan changed during the last five dec-
ades due to growing concerns about environmental degradation, assuming the designation of STSE
(“E” for environment) movement (Aikenhead, 2002).

These evolutions exceeded the debate among scholars and penetrated the general school syllabi.
The STS curricula were intended to promote SL in citizens, trigger the interest of students in science
and technology, foster an interest in the complex interactions between science, technology and society,
and to develop students’ critical and logical reasoning skills in order to promote abilities in creative
problem resolution and conscious decision making (Aikenhead, 1994; Bybee, 1985; Solomon, 1993).
This movement drifted, therefore, away from the investigatory activity that generated knowledge. It
focused instead on the impact of technology, in consonance with the more recently emergent concept:
civic SL (Turner, 2008).

Despite the different roots and different learning visions of STSE and NoS, some STS defend-
ers (Ratcliffe, 2001; Solomon & Aikenhead, 1994; Ziman, 1994) believe that the impact of science on
society and the environment, together with the Nature of Science in the broad sense, must be ap-
proached inseparably, as co-operators in a common final product. Indeed, the understanding of the
means through which scientific knowledge is achieved, both from the conceptual and the methodologi-
cal perspectives, seems to be a prerequisite for citizens to understand the real meaning of “scientific
evidence” or scientific “truths” required to follow techno-scientific issues. The perception that scientific
knowledge is merely tentative, despite the fact that it is the best we have (McComas and Olson, 1998),
disassembles the naive views of science either to a super confidence in science and technology or an
extreme scepticism. It is only with awareness of their benefits and negative implications in all these
domains that it is possible to critically analyse a certain controversial issue and to judge more objec-
tively the connected economic interests, and corresponding political decisions.

The above referenced concept of civic SL was proposed by Miller (1998) as a three-
dimensional construct: (1) a vocabulary of basic scientific knowledge sufficient to read competing
views in a newspaper or magazine, (2) an understanding of the process or nature of scientific inquiry,
and (3) some level of understanding of the impact of science and technology on individuals and on
society. In more recent cross-national studies of civic SL, the author observed that the dimension (3) is
supposed to vary substantially in content among different countries according to their corresponding
socio-cultural contexts. This suggests that the expected optimal level of SL in a certain community
should consider its historical pathway and its background in science and technology (McComas,
Clough and Almazroa, 2000).

Nevertheless, despite the acceptable variability, a definition of the concept and the clarification
of its requirements remains a matter of great importance. The domain of knowledge prevails in the defi-
nitions of SL and the majority restrict themselves to it. This position in the range of definitions is
shared by other authors (Lee, 1997; National Science Teachers Association [NSTA], 1971; Shamos,
1995); Scottish Consultative Council on the Curriculum [SCCC], 1996); Hodson, 1998; NSTA, 1971;
OECD, 2007; SCCC, 1996; Shamos, 1995); Aikenhead, 2002; Miller, 1998; NSTA, 1971).

Nevertheless, other dimensions embracing more than knowledge are included by several au-
thors in the definition of the concept, such as scientific skills (OECD, 2007), attitudes towards the role
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of science in society (Hodson, 1992; Mathews, 1998; OECD, 2007; SCCC, 1996; Turner, 2008) and the
ability to take a stand (Hodson, 1998; NSTA, 1971).

This synthesis illustrates the broadness of the term “SL”, encompassing many historically sig-
nificant educational themes that have shifted over time (DeBoer, 2000), as well as “the wide spectrum
of opinions that exists today among educators” (Turner 2008, p. 56).

Boundaries of Our Present Study

It is not our purpose to discuss the essence of the concept of SL. Nevertheless, we also attempt to posi-
tion ourselves in this spectrum of opinions according to the following: In our perspective, a scientifi-
cally literate citizen should be capable of, at least, a superficial understanding of the “happenings” in all
scientific and technological domains. Even people who pursue a career in science or technology cannot
follow the primary literature for all scientific disciplines (Bauer, 1994). Therefore, a scientist with ex-
pertise in a certain field is no more skilled than any other citizen when exposed to a completely differ-
ent field of knowledge. Accordingly, we don’t consider scientific skills to be essential to the under-
standing of science and technology. While these may influence positively the understanding of science,
they should only be required to reach another level of SL: the researcher’s SL.

Our conception of SL does not comprise the attitudes towards science and technology nor the
ability to take a stand. Indeed, a good level of SL may have influence these areas, but they also depend
on other factors, such as values, personal experiences, individual interests and personality, among oth-
ers. Therefore, we place our conception of SL in the domain of knowledge, particularly in knowledge of
science and technology, for the following reasons:

Firstly, we recognize the possession of scientific knowledge as the cornerstone for compre-
hending science and technology. Knowing the lexicon of a certain scientific or technologic domain, and
being aware of the concepts underlying a particular issue, are prerequisites for understanding evidence
provided by science and for following scientific and technological developments.

Secondly, we also consider the awareness of how relative scientific “truths” really are to be an
indispensable requirement of SL. To reach this level of critical thinking citizens should, whether by
engaging in real science or by analysing the work of others, be acquainted with the way scientific evi-
dence is generated (NoSI). Unless they are able to understand the different processes that contributed to
the reported results as well as the researchers’ reasoning, common citizens feel lost when equally quali-
fied researchers assume different positions (Bauer, 1994).

Furthermore, citizens must gain awareness of a more embracing concept of science, far beyond
its methods of inquiry: scientific knowledge must be seen for what it is, a social construct (McComas
and Olson, 1998; Osborne et al., 2003). Scientists, rather than working in isolation, establish vertical
relationships with their predecessors and horizontal relationships with their peers and with other disci-
plines. Therefore, the understanding of the ways in which knowledge evolves within the scientific
community (NoS) may also contribute to a more realistic image of science.

Finally, in our view, understanding science nowadays requires knowledge of: (1) the social fac-
tors which have triggered, slowed down, or even impeded a particular scientific research; (2) the way
scientific and technological progress influences society and the environment, and of its ethical implica-
tions (STSE issues).

In summary, there is a coincidence between the conception of SL that binds the present reflec-
tion and that of Miller. It can be defined as the knowledge of, and about, science and technology, that
together with personal experiences and cultural values contributes to the development of attitudes and
behaviours required for a participative citizenship, as represented in Figure 1.

In view of the reasons laid down above, the scope of this article is the discussion of the poten-
tial and the fragilities of science textbooks to convey knowledge about science and technology, with the
focus placed on the domains of NoS, NoSI and STSE.
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Figure 1 - Schematic representation of the concepts involved in the present work

Sources of Scientific Knowledge about Science and Technology

Having placed the conception of SL in the domain of knowledge, a reflection on the sources of the
knowledge essential to becoming a scientifically literate citizen is required. Millar and Osborne (1998)
pointed out that the main purpose of the teaching of science is to prepare students for a critical interpre-
tation of the news conveyed by the media, and to promote the construction of personal opinions about
daily socio-scientific questions. The authors suggest that the media are the prevailing sources of new
information about scientific research for the common citizen. Nevertheless, despite its potential impor-
tance to SL, Zimmerman, Bisanz, Bisanz, Klein and Klein (2001) state that little is known by common
citizens about the content of media reports. Is science education therefore failing to achieve its main
objective?

There is a time lag between the advancements disclosed by scientific and academic journals
and their announcement in the general media. Furthermore, news is shaped by journalists’ interpretation
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of scientific reports, without describing the processes behind the achievements (Wellington, 1991). An
equivalent delay (Quessada and Clemént, 2007) and erosion occurs between the descriptions of re-
search disclosed by the original sources of scientific knowledge and their appearance in textbooks, as
conventional and well established science contents Zimmerman, Bisanz, Bisanz, Klein and Klein, 2001.
Bauer (1992) calls particular attention to the difference between frontier science, the one that is re-
ported by the media, and science textbooks, that is filtered and modified. Traditional science portrayal
is, therefore, frequently only a selective representation of the scientific practices (Rudolph, 2003).

Despite this limitation, learning materials represent privileged opportunities not only to present
the established fundamental knowledge in science, but also to expose those aspects of science and tech-
nology that are not discussed in the media. Are textbooks fulfilling their task? To what extent do sci-
ence textbooks present material that may contribute to the students’ understanding of science and tech-
nology?

The potential of textbooks as vehicles of SL

Textbooks, in general, are relevant as learning materials, but they also seem to dictate the curriculum
for many teachers (Osborne, Duschl and Fairbrother 2003). Textbooks provide them with guidance and
support, also promoting the participation of parents (Bartholomew, Osborne, and Ratcliffe, 2004) and
enable students to learn independently (Aufdermauer & Hesse, 2006). Science textbooks are referred to
by several authors (Chiappetta, Fillman & Sethna, 1991; Hodson, 1996; Leite, 2002) as powerful re-
sources for teachers and students alike. As discussed above, in parallel with the mere presentation of
achievements of science and technology, science textbooks also offer teachers and students the oppor-
tunity to work out the way in which they have been achieved. That can be accomplished by contextual-
izing events (Leach, Millar, Ryder and Séré, 2000; Rudolph, 2003) externally and internally to the sci-
entific community by describing processes and demonstrating the repercussions of scientific and tech-
nological events in society and in the environment. This can be done through brief references to events
emphasizing their meaningful aspects, or by exploring historical reports of representative events (Hod-
son 1996), generally referenced as case studies. The latter may include stories and anecdotes about sci-
entists which illustrate scientific and technological progress (Leite, 2002).

Despite the unquestionably informative and motivational potential of case studies, some con-
siderations about their inclusion in textbooks are required: primarily, teachers must be aware of the
principal shortcomings of case studies. Secondly, even though every single case, as reported by histori-
cal documents, does illustrate particular aspects of science and technology, any individual case should
not be expected to contain all the relevant aspects of science. For instance, while some case studies
evoke the social factors that triggered particular research, others display how knowledge was acquired,
while still others are more appropriate for explaining how scientific ideas succeed each other or what
their repercussions are in society or in the environment. Additionally, ideas about science and technol-
ogy can also be conveyed to students if the use of simple references to historical or contemporary scien-
tific and technological achievements are accompanied by meaningful details. Therefore, through a bal-
anced combination of extensive reports and brief references to illustrative events, textbooks can help
students realize how scientific knowledge was generated, evolved and established itself. Actually, stud-
ies undertaken with undergraduate students provided evidence that the use of hermeneutical circle
strategies, besides enhancing students' understanding of textbook content, also operate changes in stu-
dents' views of science (Kalman, 2011).

Despite the above, it is important to note that analysing reports of others’ experiments or fol-
lowing suggestions or instructions for experimental activities, is not the same as performing science.
Nevertheless, awareness of the nature of scientific inquiry (NoSI) may also be achieved, not only as
learning science by inquiry, i. €., by engaging in real science, but also learning science as inquiry
(Tamir 1985). Learning science as inquiry includes learning about the way in which the scientific en-
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deavour progresses by analysing the inquiry process performed by others, either using historical per-
spectives (Bybee, 2000), or discussing contemporary research.

Historical events of science have been largely recommended and used as a means of under-
standing the contemporary social issues of science (Shortland and Warwick, 1989). However, the his-
tory of science is still being written and in our view goes far beyond the classical case studies. It also
embraces contemporary “cases”, which illustrate new challenges to science and technology and their
desirable, undesirable and even controversial repercussions in the present world. Science textbooks
should, therefore, comprise detailed reports of relatively recent events, thus providing students with the
opportunity to perceive what remains constant in scientific activity and what has changed over time.

The description of contemporary case studies is most clearly advantageous in content such as
genetics, gene technology or nuclear energy. Addressing socio-scientific issues in this context may
confront teachers and students with questions that frequently have moral and ethical implications. This
confrontation has been considered by several authors (Hamm, 1991; Gaskell, 1992; Vaz e Valente,
1995; Kolsto, 2001; Aikenhead 2002; Reis, 2008) as a valuable strategy for preparing citizens to face
problems that could be perceived and judged from different perspectives, frequently involving values.

Consequently, textbooks should provide adequate and reliable material supportive of discus-
sions of both classical and contemporary socio-scientific issues in the classroom. This material should
facilitate the conveyance of correct ideas about science and technology, thus representing a step to-
wards lessons promoting SL.

What Knowledge or Ideas about Science and Technology Should Be Taught?

It is quite consensual that the domains: NoS, NoSI and STSE need specific consideration when access-
ing SL. Nevertheless, it still remains questionable which ideas about science, scientists’ work, and the
interactions between science, technology, society and the environment students should be made aware
of. While some authors, such as Stanley and Brickhouse (2001); Hipkins, Barker and Bolstad (2005),
express concern about the negligible consensus amongst philosophers, historians of science, scientists,
and science educators about which ideas about science (IAS) should be placed on curricula, others
(Smith, Lederman, Bell, McComas, & Clough, 1997; Smith & Scharmann, 1999) point out the existing
consensus on fundamental IAS that are relevant and accessible to school science education. Osborne,
Duschl and Fairbrother (2003) challenged the latter statement by arguing that the studies based on cur-
riculum documents, such as Benchmarks for SL (AAAS, 1993) and others from New Zealand, Canada,
the United Kingdom and Australia (McComas & Olson, 1998), rather than displaying a consensus,
represent a necessary compromise for the drafting of reports by the committees. According to these
authors, those studies simply fail to represent the lowest common denominator around which it would
be possible to reach agreement, thus also failing to represent a coherent account of the NoS. As a coun-
terproposal, those authors have conducted a Delphy study to empirically determine the extent of any
consensus among scientists, science teachers, philosophers, sociologists of science and science educa-
tors on IAS that should be included in the school science curricula. In their article a parallelism between
the consensual ideas and those identified by Mc Comas and Olson (1998) was described and was con-
cluded that a considerable agreement between both sets does exist. Meaning, despite the use of differing
methods in different studies, many of the ideas referred to are also consensual among scholars.
However, despite the considerable correspondence between most agreed and consensual ideas,
some of them reveal divergent epistemological orientations. The observed divergence may be a reflex
of differing underlying conceptions of science, from both conceptual and methodological perspectives
of individual scholars. This is the case in, for example, the ideas expressed by the statements “science is
tentative” (McComas & Olson, 1998) and “science and certainty” (Osborne et al., 2003). Regarding
such divergences, these two sets, though containing relevant nuclear ideas, would hardly provide ade-
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quate guidelines for writing or analysing science textbooks. Moreover, as described below, abundant
bibliography points out other ideas about science and technology which, though not consensual, seem
to be indispensable for many science education researchers in constructing a correct image of these
interconnected entities.

With respect to the specific domain of NoSI, recent studies built upon international science
education standard documents and the existing literature in science education, and undertaken by
Schwartz and Lederman (2008), produced an instrument suitable for surveying the scientists' views of
scientific inquiry (VoSI). The indicators used in this study could therefore provide an appropriate basis
for defining detailed and precise criteria for checking the presence or absence of relevant ideas about
scientific practice in textbooks.

The Knowledge about Science in Science Textbooks

The content included in science textbooks for illustrating the context and processes through which sci-
entific knowledge and technological advancements were achieved, should be wisely selected in order to
display an epistemologically established image of both, and of their interaction with other spheres. “The
kind of historical material used and the way it is used is what determines the image given to students
(even if an incorrect one) of science, scientists and scientific practice” (Leite, 1986, p. 334). The same
considerations apply to the contemporary events, in particular to socio-scientific issues, which should
consider their controversial nature as well as their ethical, moral and religious implications.

Several studies already exist that focus on the knowledge about science in textbooks. For in-
stance, Orpwood (1984) analysed biology textbooks from the perspective of STSE and the image of
science conveyed by textbooks (he has gone beyond that, also focusing on the domains stated intentions
and scientific skills). Two of Orpwood's themes, namely scientific skills and the image of science, were
also used by Tamir (1985) while analysing how biology textbooks approach the scientific inquiry.

Chiappetta, Fillman and Sethna (1991) selected four aspects or themes of SL which had been
pointed out by the NSTA (1982) as components of SL: science as a body of knowledge; science as a
way of investigating; science as a way of thinking; and the interaction between science, technology and
society. This method has also been followed by Wilkinson (1999) while analysing Physics textbooks
from the same perspective.

Chiang-Soong and Yager (1993) analysed the pure space devoted to STS issues in textbooks
and concluded that they receive poor coverage, worsening with increasing grade levels. Rosenthal
(1984) analysed social and controversial issues in textbooks and concluded that attention to social is-
sues decreased between 1963 and 1983. Leite (2002) focused on the quality of the approach to history
of science in physics textbooks, while Abd-El-Khalick, Waters, Le (2008) analysed the representations
of NoS in high-school chemistry textbooks. Teachers’ views, and therefore very likely textbook writ-
ers’ views (since they are predominantly teachers) of the NoS are not consistent with currently accepted
definitions (Lederman, 1992; Leach, Millar, Ryder and Séré, 2000; Lederman, Wade, and Bell, 1998;
Gil-Pérez et al., 2005). Rosenthal (1984) analysed the treatment of social issues in biology textbooks
and found that attention to social issues decreased between 1963 and 1983. Nevertheless, Chiappetta,
Fillman and Sethna (1991) argue that if one were to analyse some of the more recent textbooks, a
higher proportion of their content would probably be devoted to STS since this theme has been attract-
ing progressively more attention in science education.

If there is a gap between ideas emerging from the scientific and the educational communities
and curricula, then an equally meaningful gap exists between each official curriculum and the content
conveyed to students. This discrepancy depends upon several elements of the “hidden curriculum” (Ca-
chapuz, Praia, Jorge, 2004; Pingel, 1999), such as the decisions of publishers conditioned by market
dynamics, the conceptions of textbook authors, and the interpretations of teachers which are influenced
by their own conceptions about science.
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Textbooks usually present science as a body of knowledge acquired in a linear way (Finley,
1994), avoiding or neglecting movements back and forth (Leite, 2002) that characterize the dynamics of
scientific research and, therefore, the evolution of scientific ideas. Chiappetta, Fillman and Sethna
(1991) state that the empiricist vision of science displayed by students and teachers is due to the fact
that textbooks, explicitly or implicitly, place an emphasis on facts, while processes are omitted.

Distorted Views of Science in Science Textbooks

Having defined the domains of knowledge as essential components of SL (chapter 3), it is imperative to
collect from the epistemological and science education debates the ideas about science and technology
that can contribute to a formal science education oriented to SL. Based on these ideas, criteria should be
specified according to which both science lessons and textbook content may be evaluated and com-
pared. As explained in the previous chapter, studies in this domain were undertaken by several re-
searchers but, in our opinion, a method capable of providing a holistic overview of the same reality is
still absent.

Along with concerns for the promotion of scientific understanding in the broad sense, many
scholars draw attention to both the lack of information about science and technology placed in text-
books, and the incorrect ideas displayed by them. Incorrect ideas can represent filters or even barriers to
the achievement of SL in students. They can induce and cement distorted views that interfere in the
construction of a fair image of science as a body of knowledge, as well as in the comprehension of sci-
entists’ work and of the role of science and technology in our lives.

At first glance, compliance with the requirements of SL can be surveyed by looking for absent
or incorrect ideas about science and technology. However, in our opinion this method misses an impor-
tant point: there is evidence that incorrect ideas and the absence of correct ones, do not appear in isola-
tion or at random. Instead, their occurrence is interconnected with other ideas, according to certain pat-
terns revealing distorted views of science and technology. For example, by nourishing the idea that all
scientists are exceptional people, one is hardly able to recognize that science has a collaborative charac-
ter. Instead, one is drawn to the idea that scientists work in isolation in their ivory towers. These two
incorrect ideas occur very likely together as components of a distorted view of the scientific enterprise.

Fernandez, Gil, Carrascoa, Cachapuz and Praia, (2003) identified seven distortions of the image
of science mostly referred to in the literature. These views coincided with those found by Fernandez
(2000) in his analysis of current science teaching practice by means of, among other procedures, analy-
sis of textbooks, laboratory guides and assessment exercises, and by direct observation of classroom
activities, as well as questionnaires and interviews. Given continuity to that work, Gil-Pérez et al.
(2005) argued that the simplistic conception of the relationship between science and technology, ac-
cording to which technology is seen as a mere product of science or as applied science, and the role of
technology in the construction of scientific knowledge is underestimated or even disregarded. That
misunderstanding appears to underlie the distorted views of science and technology, often considered as
one of the main obstacles to renovation in science education.

According to Fernandez, Gil, Carrascosa, Cachapuz and Praia, (2003) and Gil-Pérez, Gil-Pérez
et al. (2005), the seven most commonly identified distorted views are the following:

1. Empiric-intuitivist and non-theoretical conception of science

This is considered as the most referred to conception in the literature. It emphasizes the role of “neu-
tral” observation and experimentation as if the knowledge had been achieved by chance, without “con-
tamination” by previous ideas. The hypothesis as the focus of investigation, as well as the role of theo-
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ries as a coherent body of knowledge that guides the whole process and upon which the design of new
research relies, are both disregarded.

2. Rigid conception of scientific activity

A conception that conveys a rigid (algorithmic, rigorous, fail-safe) image of scientific work. The figure
of “scientific method” is often explicitly referred to or implicitly presented as a set of rigid steps to be
mechanically followed. Quantitative processing and rigorous control of experiments are emphasized,
while “invention”, “creativity” and “doubt™ are disregarded.

On the other hand, the rejection of this rigid and dogmatic view of science can conversely lead
to an extreme relativism. This view qualifies both the methods used in science (Feyerabend, 1975), and
the concepts of science, thus denying any certainty in science. This follows the principle that the “only
basis for scientific knowledge is the consensus of the research community”, and thereby neglects the

value of empirical evidence.

3. A non-problematic and non-historic conception of science

This conception is quite commonly referenced and is denounced by the presentation of already elabo-
rated knowledge and a disregard for the process of its gradual construction. There is a misrepresentation
of the underlying problems that motivated progress, the limitations of current scientific knowledge,
how ideas evolved and which difficulties confronted scientists, or the potential of science for giving yet
unknown answers. In other words, the rationality of the scientific process as an answer to a question is
omitted.

4. An exclusively analytic conception of science

This conception was rarely considered by research, but was identified by these authors in over 80% of
teachers and textbooks. It is characterized by a disregard for the complexity of problems and therefore,
for the multidisciplinary character of the scientific construction.

5. Merely cumulative conception of scientific development

This is the second less referenced conception in the literature. It is characterized by a disregard for
crises and revolutions as stimuli to scientific development, as well as mere references to events, there-
fore suggesting a linear cumulative growth of scientific knowledge.

Leite (2000) points out that textbooks frequently present tables summarizing the chronological
sequence of science and technology events, mainly at the end of chapters, misrepresenting the real evo-
lution of achievements.

6. An individualist and elitist conception of science

This is one of the most commonly occurring conceptions in the literature, according to which scientific
knowledge is formed out of isolated genii completely neglecting collective work and cooperation be-
tween teams as a pre-requisite to progress. Contrary to this conception, another distorted view has been
noticed, according to which scientific activity is seen as something very simple and close to common
sense.

7. A decontextualized and socially neutral conception of scientific activity

The connections between science, technology and society are approached superficially. It is a concep-
tion of positivist root, very much cantered on the products of science, which are represented as an abso-
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lute factor of progress, while technology is considered as a mere application of scientific knowledge, its
role in the construction of scientific knowledge being neglected. Contrasting with this naive view, there
is also a tendency to attribute to science and technology the responsibility for environmental degrada-
tion.

The seven distorted views presented above represent common occurrence patterns of incorrect
ideas about science. Stemming from this evidence, and in order to extract higher meaning from the
compliance of textbooks with correct ideas about science and technology in the three mentioned do-
mains of knowledge, a new task arose: the identification of the distorted ideas about science that have
been transferred into individual textbooks. This task may offer the advantages of providing an overview
of the textbook profile and of determining how close the textbook comes to fulfilling its potential con-
tribution to students’ SL.

8. Identifying distorted images of science in science textbooks

As argued above, certain ideas about science propounded by teachers, textbook writers, or inherited
through patented pictures stored in databanks and placed in textbooks, represent indicators of concep-
tions that according to the current epistemological paradigm are considered misconceptions about sci-
ence and technology or distorted views of science and technology.

Based on the descriptions presented by Gil-Pérez et al. (2005), a correspondence can be ob-
served between the seven distorted views of science and technology and the three domains that together
represent the knowledge about science to be acquired by citizens, namely, NoS, NoSI and STSE issues,
as presented in Table I. This correspondence suggests that each of the described distorted views is
rooted in a misunderstanding of one or more of the three domains of knowledge. More importantly, it is
also to be expected that the inclusion of these distorted views in teaching practice and textbooks, con-
veys misunderstandings to students in the same domains.

Table I — Correspondence between the seven distorted views of science and technology considered in
the present article, and the domains of knowledge affected by them

Domains of knowledge
about science

Distorted views of science and technology NoS NoSI STSE

1. Empiric-intuitivist and non-theoretical conception of science X X

2. Rigid conception of scientific activity X

3. A non-problematic and non-historic conception of science X X
4. An exclusively analytic conception of science X X

5. Merely cumulative conception of scientific development X

6. An individualist and elitist conception of science X

7. A decontextualized and socially neutral conception of scientific activity X
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Final Considerations

It is herein assumed that the contribution of textbooks to SL is directly proportional to the concordance
of the conveyed ideas with the ideas about science and technology that, together, form a realistic image
of the scientific and technological enterprises. Conversely, textbooks displaying distorted images or
misconceptions are assumed to steer away from the goals of SL.

For these reasons, we draw attention to the importance of carrying out textbook analysis in or-
der to raise consciousness of the fact that naive and distorted ideas about science and technology are
still conveyed by textbooks. According to our expectations, such analysis would render multi-faceted
results, with samples exhibiting highly acceptable ideas coexisting and contrasting with very (according
to the current epistemological paradigm) outdated ones.

In view of the considerations above, we believe that seven groups of criteria for textbook
analysis should be defined from the lens of the seven distorted views proposed by Gil-Pérez et al.
(2005) in order to detect:

i) the absence of key ideas about science and technology, which, per se, represent indicators
of a certain misconception of science;

ii) the presence of wrong ideas about science and technology that reinforce the presence of
this misconception;

iii) and similarly, but from a more positive perspective, to detect indicators that contribute to
dismounting / refuting the presence of a certain misconception.

Results should also be analysed by verifying the compliance of textbooks with groups of
criteria that point out if, and to what extent, distorted images of science and technology are displayed by
the analysed textbooks. This procedure has the advantage of not only showing the position of textbooks
relatively to SL according to the three domains, NoS, NoSI and STSE issues, but also of emphasizing
aspects that require improvement.

It should be stated that is not our purpose to focus on the surveillance of authors’ conceptions,
but rather on the conceptions that are conveyed by textbooks. Notwithstanding the above, we believe
that it may be useful for the production of future textbooks to emphasize two aspects: (i) The intentio-
nal selection of contents (case studies or statements about briefly referenced events) should be carried
out according to their potential to illustrate the real evolution of scientific knowledge and technological
development. Moreover, the most effective way of presenting them should also be chosen. (ii) Finally,
in interplay with the deliberate selection of contents, a “hidden curriculum” resulting from the authors’
conceptions also influences the final product.

In view of the above, an analysis of textbooks restricted to the subject of Genetics and
focussing on the domains of NoS, NoSI and STSE is currently being carried out. The criteria applied
therein result from the combination of the consensus around the concept of SL with the seven
predominantly referred misconceptions about science and technology.
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