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Abstract

The purpose of this study was determine which ideas about the nature of science
(NOS) were used by students to make decisions regarding a variety of contexts. 128
undergraduates, enrolled in a Science and Society course, were asked to decide what
action they would take—both at the start and the end of the course— in a situation
about pseudoscientific, socioscientific issues (SSI), and non-controversial scientific
issues, about which students had differing degrees of familiarity. At the same time,
students’ views of the NOS were also assessed. Generally speaking, students’ views
were naive and—together with their decision-making processes—did not improve
after the course. In all cases, familiarity with and prior knowledge of the issue
influenced how students justified their decisions. In pseudoscientific scenarios, when
the issue (quantum medicine) was mostly unknown to students, many students
appeared to be more open to pseudoscientific ideas and to distrust scientists, in
contrast with more familiar issues (Aids and weight-loss pills). All students who used
ideas of the NOS (endorsement/rejection by the research, appeal to the authority of
scientists, caution due to the lack of evidence) to justify their decisions in these kinds
of scenarios rejected pseudoscientific arguments. In the case of SSI scenarios, many
students used ideas of the NOS (caution due to the lack of evidence) to make their
decision, even though personal experience (mobile phones) and risk/benefit analysis
(genetic modification for the purposes of curing disease) also played a preponderant
role. In non-controversial scientific issues (smoking, diet and self-medication)
students barely used ideas of the NOS: personal tastes and preferences were the most
widely used criterion. These results contrast with previous research in which ideas of
the NOS were not found to play an important role in decision-making. They also
suggest that ideas about the NOS are useful for the decision-making process and

depend to some extent on the context.
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Chapter 1

Chapter 1. Introduction

Currently, there is considerable emphasis in science education on the training of
scientifically literate individuals. The meaning of ‘scientific literacy’ has changed
with time and the particular interests of whoever has advocated it in the past.
However, many in the research community agree that scientific literacy must, among
other things, develop critical thinking skills in people that allow them to draw
conclusions from the available evidence. Additionally, scientific literacy must equip
people with the necessary skills to search, understand, and evaluate information
about science-related topics, information that, in its turn, should enrich their
decisions about everyday scientific issues (for example, see Collins, 1998; Millar and

Osborne, 1998; OECD, 2003; Zeidler et al., 2003)

It has been advanced that a developed understanding of the nature of science (NOS)
can contribute to the achievement of these objectives (Kolste, 2001; Walker &
Zeidler, 2007). It has also been suggested that an adequate view of how science
works would allow students to differentiate science from pseudoscience (Bell &
Lederman, 2003). This skill is important in a society where a great deal of products
and services based on pseudoscientific principles are on offer, products that can harm
people’s health and endanger their lives, to say nothing of the damage to their
economic situation. However, up until now whether or not views of the NOS can
play a positive role in decision-making regarding scientific issues, helping to

distinguish science from pseudoscience, remains controversial.

Studies conducted thus far have researched the use of ideas of the NOS when
individuals make decisions about socioscientific issues (SSI). These SSI are
complex, do not have a correct answer, and require—for their resolution—not only
knowledge of and about science, but ethical, social, political, and economic
considerations. One of the main limitations of existing studies lies in their use of a

reduced number of situations about which participants have to make a decision.

The fact that, in general, research about the use of the NOS has not emphatically

explored the influence on decision-making of the particular situation or context faced

11
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by individuals, and under which the decision takes place, is quite intriguing. On the
one hand, it is known that individuals find it difficult to transfer their ideas of the
NOS to new situations (Abd-El-Khalick, 2001), on the other, it has been shown that
the degree of familiarity with a given situation and the beliefs involved affect the

way people assess situations (Zeidler, 1997).

Another limitation of these studies is that they have, for the most part, focused on
SSI. These are quite important issues that involve controversial matters about which
people have to make a decision with the potential to affect their everyday life.
However, other issues have been pushed into the background in these studies.
Among these issues are pseudoscientific ones and decisions related to matters where
there is no scientific controversy involved. At first glance, it can appear to be the
case that pseudoscientific issues have no place in science classrooms. However, the
ability to distinguish pseudoscientific claims can directly affect people’s lives and
decisions, particularly with respect to health. If science education intends to fulfil the
aims advocated by scientific literacy initiatives, it should strive to equip people with
the necessary tools to make informed decisions about these kinds of topics.
Additionally, on a daily basis people find themselves in situations where they have to
make a decision about uncontroversial issues with a scientific component, such as

diet, exercise, and smoking.

This study strives to fill the gap left open by prior research on these matters and
explore which kinds of ideas of the NOS students use in a variety of contexts—

pseudoscientific, SSI, and well-established science.

On the other hand, as a result of current trends that incorporate views of the NOS
into science education, educational authorities in Mexico have added these topics to
the new science curriculum for secondary school and some scientific and
technological degrees. This study took place in University A, a Mexican public
university where, recently, a course intended to develop analytical skills and an
understanding of the links between science and society in students was included in

the syllabus. One of the aims of the course is
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that students develop a better understanding, attitude, and
sensitivity to cultural aspects of science, either of a philosophical,
social, historical, ethical, or political bent, and the interrelationship
among Science-Technology-Society, with an emphasis on the
study of chemistry, with the ultimate aim that students develop into
citizens capable of making informed and reasoned decisions in a
democratic society, guided by experimentation, communication,
critical thinking, and intellectual independence.

(Syllabus from University A, Mexico, 2006)

Given that this course emphasises the understanding of scientific activity

(specifically of the NOS) with the aim of training individuals capable of making

informed decisions, it represented a suitable opportunity to assess the effect of views

of the NOS in decision-making in a variety of contexts.

The following research questions were formulated for this research project:

What ideas about the NOS do students draw upon when asked to make a decision
on a socio-scientific issue, a well-established scientific issue or pseudo-scientific

1ssue?

What differences exist in the ideas about the NOS that students draw upon when
making a decision on controversial socio-scientific issues, well-established

scientific issues or pseudo-scientific issues?

To what extent are students’ ideas about the NOS associated with the acceptance

or rejection of the option presented?

To what extent do students’ ideas about the NOS change after taking a course

focused on the relationships between science and society?

To what extent do ideas about the NOS that students draw upon when making
decisions on socio-scientific issues, well-established scientific issues, and

pseudo-scientific issues change at the end of the course?

The more relevant ideas from the research literature that influenced the design and

analysis of this study are presented in Chapter 2. This chapter analyses the ways in

which the balance within the conceptualisation of scientific literacy has shifted from

an emphasis on scientific concepts to an emphasis on skills and knowledge that allow
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individuals to face everyday situations where science is involved. Afterwards, the
text presents the ideas of the NOS—and students’ commonly held misconceptions
about them—that have been advocated for the purposes of science education. Some
of the efforts that have been made to change students’ and teachers’ views of the

NOS, what their focus, successes, and limitations have been are also explored.

The use of socioscientific issues as teaching tools is discussed subsequently. This
topic is explored further by reviewing studies dealing with the strategies used by
students when faced with an SSI. Finally, there is a brief section that covers the scant
literature published on the influence of scientific knowledge or views of the NOS in

people’s disposition to believe in pseudoscience.

Chapter 3 presents, first, the rationale of the study, together with the context under
which it was carried out. Afterwards, the methods used to determine and analyse
students’ views of the NOS and assess their decision-making processes are

described. This chapter ends with a description of the sample used in the study and of

the data collection.

The results obtained in the questionnaire that assess views of the NOS are presented
in Chapter 4. This chapter focuses on the views of students regarding observations
and inferences, the tentativeness of science, the relationship between scientific
theories and laws, the social and cultural embeddedness, the role of creativity in
science and scientific methods. The impact the course had on the assessed views is

also described and analysed.

Chapter 5 presents the results of the decision-making questionnaire, both before and
after the course. It begins with a description of the categories drawn from students’
justifications. The rest of the chapter is divided in three sections: pseudoscience, SSI,
and well-established science scenarios. Each of these sections has a similar structure.
They describe and analyse students’ decisions, justifications, possible relationship
between the results of the decision and its justification, and responses to additional
questions posed by the questionnaires. A final section presents the results of a cluster
analysis whose purpose was to explore the consistency of students’ responses to the

different scenarios.
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In Chapter 6, the findings presented in Chapters 4 and 5 are discussed in the light of
the research questions and compared with the relevant literature. First it presents the
results of students’ views about the NOS, itemised by topic, and then afterwards their
responses to the decision-making questionnaires. This section is also structured

according to the type of context, in order to appreciate its influence.

In the last chapter of this thesis, Chapter 7, the conclusions drawn are presented. A
consideration of the strengths and limitations of the study is also made. The chapter
continues with suggestions for the project’s implications for research in the area,
curriculum development, teaching practices, and professional development of
teachers are described. Finally, the chapter concludes with ideas for future lines of

research drawn from the results of this study.
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Chapter 2. Literature Review

At the heart of this research project lies the assumption that one of the purposes of
science education is to produce scientifically literate citizens able to deal with
science-related situations that might arise in their everyday lives. Therefore, a section
of this chapter is devoted to discuss the relevant literature on scientific literacy: the

development of the concept, and its different meanings and approaches.

According to many science educators, scientifically literate individuals must
understand how science works, that is, have sophisticated ideas about the nature of
science (NOS). The next sections of the literature review explore what are the ideas
of the NOS that science educators have proposed should be part of science curricula.
They also give an account of students’ misconceptions about the NOS and the efforts

made by different research groups in order to improve such views.

In spite of the supposed usefulness of these ideas for people, the role that they
actually play in everyday life and decision-making remains controversial. This is
why the literature review continues with an account of the ways individuals make
decisions about socioscientific issues, and whether ideas about the NOS influence

these decisions.

Besides facing socioscientific issues, people encounter in their everyday life other
kinds of situations that necessitate knowledge of and about science for their
resolution. Such is the case of pseudoscientific claims. Individuals should be able to
differentiate these pseudoscientific ideas in order to make decisions that may even
affect their health. The last section of the literature will then focus on pseudoscience
and the role that scientific knowledge and ideas of the NOS play in the acceptance or

rejection of such claims.
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2.1. Science Education and Scientific Literacy

Today, when science and technology play such an integral role in everyday life, it
has become commonplace to accord science—and technology—education an
important place in both formal and informal education. Thus, as one of its chief aims
education strives to equip people with knowledge necessary and sufficient to lead

fulfilling and responsible lives (1989; Laugksch, 2000).

Throughout its history, science education has been the subject of much debate and
innovation. The following review will provide a brief account of how science
education has changed since it was first introduced in the late nineteenth century;
when and how the concept of ‘scientific literacy’—with its many definitions and
objectives—emerged; and how perspectives on science education have changed in
the light of the changing roles individuals are expected to play in society, democratic
or otherwise. The content of this review will cover the context in which the notion of
‘scientific literacy’ appeared, as well as the social needs it was intended to meet.
Subsequently, an account of what constitutes scientific literacy will seek to offer a
broad perspective of the various ideas science educators and curriculum designers
have held in the past about what it is to be scientifically literate. Finally, as a
conclusion to these two sections, the objectives ascribed to science education are laid
out so as to ponder the question: What is the role of science in the education of

citizens capable of making responsible decisions?

2.1.1. A historical perspective

From the moment science education was first introduced in schools, a number of
trends, goals, and approaches have characterised its application in classrooms. These

have changed continually according to prevailing social and historical circumstances.

In 1605, the philosopher Francis Bacon was the first to suggest that teaching science
had to be useful in some way (Solomon, 1994). However, it was not until the
nineteenth century when science education was finally introduced in schools

throughout the United Kingdom and the United States. Besides imparting some
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factual knowledge about the natural world, one of the expected outcomes of science
teaching was that students used the inductive method, based on drawing conclusions
out of the empirical observation of the world. As early as 1898, the application,
across different contexts, of what had been learnt was also included as an important

educational outcome (DeBoer, 2000):

The main object of education, nowadays, is to give the pupil the
power of doing himself an endless variety of things which,
uneducated, he could not do. An education which does not produce
in the pupil the power of applying theory, or putting acquisitions
into practice, and of personally using for productive ends his
disciplined faculties, is an education which missed its main aim
(Eliot, 1898, pp. 323-324; cited in DeBoer, 2000).

This conception of science education emphasised teaching and learning concepts
that, conceivably, could be put to later use in unspecified ways. Nevertheless, it did
not conceptualise science teaching as a means of enabling citizens to deal with
everyday situations or participate in decisions that concern part, or the whole, of

society.

At the beginning of the twentieth century, educators asked themselves what could
science contribute to the common citizen (Solomon, 1994). In the first half of the
twentieth century, the philosopher and educator John Dewey promoted science
education arguing that it enables citizens to act independently and to perform their
duties adequately within society (Miller, 1983; DeBoer, 2000). Dewey’s ideas
proved influential: at the time, several educational policies were inspired by the
conviction that school science should have a positive impact on people’s daily lives
(DeBoer, 2000). Nevertheless, Dewey’s ideas about science education as the means
to produce better citizens were never tested systematically. Neither were they

included consistently in science curricula (Shamos, 1995).

Complications ensued not long after the start of science teaching. For example,
achieving the right balance between the depth with which scientific concepts were
taught and the relevance they should have for students’ daily lives (i.e., one that
should foster active participation in society) proved difficult. Consequently, at
different times in the history of science teaching this balance has shifted from one

outcome to the other (DeBoer, 2000). Depth and relevance represent two alternative
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ways of conceptualising science education: the first emphasises concepts; the latter,
citizenship and the contexts within which science is taught, learned, and applied. At
certain points in history, an effort has been made to make them more compatible with
each other, with more or less success. On other occasions, one has been privileged
over the other. Adopting depth or relevance as educational outcomes depends on
factors such as culture, national and political ideologies, economics, and the idea of

progress, among others.

After the Second World War, the American report The Cardinal Principles of
Secondary Education outlined the principles that ought to guide education in general,
and science education in particular. These principles advocated an education both
civic and ethical—a notable departure from teaching abstract concepts in science

classes (Bybee, 1997).

In the late fifties, Paul DeHart Hurd coined the term ‘scientific literacy’ for the first
time to advocate the new, post-war goals of science education (Bybee, 1997). In that
same year, a report on the state of science teaching commissioned by the Rockefeller
Brothers Fund also made passing reference to the term (DeBoer, 2000). Importantly,
Hurd reintroduced the idea that science education ought to have an impact on

students’ daily life as well as prepare them to fulfil the role of responsible citizens.

In this period, science and technology went hand in hand, and the notion of scientific
literacy addressed the pressing need to increase awareness of the positive and
negative effects science and technology could have on society—effects made
painfully clear in the aftermath of the Second World War (Aikenhead, 1994;
Shamos, 1995; Laugksch, 2000). The consequences of the Second World War were
not, however, the only influence on science education: the harmful effects on the
environment of some industrial products and processes, such as pesticides (DDT),
had already begun to dawn on people. Industrialists and scientists were not required
by law to make publicly available data on the full range of effects of their products.
Quite apart from accountable reports, citizens needed the means to understand and
interpret what information was available (Solomon, 1994). At the time, the focus of

science education was placed squarely on teaching functional knowledge (Bybee,

1997).
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Against specialisation for specialisation’s sake, the so-called ‘scientific literacy
movement’ inaugurated by Hurd was intended for a general public. Its main goal was
to promote the proper use of science and technology, as well as educate people about
the risks and consequences of their misuse (Shamos, 1995). The movement thus
aimed to prepare critically-minded individuals capable of understanding the role of

science in society (DeBoer, 2000).

One of the main strategies employed to achieve the goals of scientific literacy was
the introduction of socio-scientific issues into formal education curricula. Its
proponents assumed that, through them, a ‘science for effective citizenship’ would
be achieved and students would be able to deal intelligently with scientific issues that
actually affect society (Shamos, 1995, p. 82). However, socio-scientific issues were
underused as teaching tools: scientific knowledge was mostly used in an isolated
manner—without taking into account that science is part of society and carries with it
moral implications—to attempt to solve problems, particularly from the developing
world. Science was portrayed as a triumphalist enterprise associated with progress

(Solomon, 1994).

Apart from the not so subtle ideological charge behind the image of science as
progress, science subjects were included in curricula with the overt aim of
indoctrinating students and producing compliant citizens: people who know what the
scientific enterprise is about are more likely to lend support to it, or so it was argued
(DeBoer, 2000). This notion has now been questioned by some science educators

(see Millar, 1996).

During the Cold War period, the space race had a great impact on the United States’
science curricula. The Russians were ahead after having successfully launched
Sputnik in 1957 (Shamos, 1995; Laugksch, 2000). Under these circumstances, one of
the main concerns in the United States—during the late fifties and the early sixties—
was training scientists and technologists capable of contributing to global scientific
and technological supremacy. There was also interest in achieving an education that
prepared students to face the rapid development of science and technology while, at

the same time, inclined the general public to lend support to the scientific
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enterprise—a reprise of the instructional and ideological drives of the scientific

literacy initiative.

In order to achieve scientific and technological supremacy, during the sixties most
curricula were given to scientists to design, who in turn emphasised the teaching of
scientific concepts and models, neglecting the relationships between science and
society and the role of education as an agent for citizenship. Curriculum designers
believed that the emphasis on scientific knowledge would lead to military and
economic growth. Courses ended up being very detailed—content-wise—and
difficult for most students (DeBoer, 2000). The immediate result of such a
reorientation of the curriculum was a decrease both in admissions to science degrees

and in the number of high school students opting for science subjects (Bybee, 1997).

Over time, many science educators took issue with the overemphasis on scientific
concepts and models. Several factors triggered a refocus of educational aims in the
1970s: students had lost interest in science both as a subject and, consequently, as a
career choice; there was widespread recognition that science was immersed in
society; ‘education for all’ became a desirable, and much sought after, outcome;
technology was incorporated into science education (Aikenhead, 1994). At this
juncture, the term ‘scientific literacy’ was introduced again to describe, and guide,
the teaching and learning of science and broaden its meaning and implications,
namely, by pointing out its applications in everyday life and its relationship to
society. Among the aims of education during the 1970s was easing the transition into
adulthood and fostering participation in the community. Several reports were
published in that decade detailing environmental problems that, together with
protests against the war on Vietnam, brought about greater participation in civil

issues (Bybee, 1997).

According to the National Science Teachers Association (NSTA) in the United
States, a scientifically literate person ‘uses science concepts, process skills, and
values in making everyday decisions as he interacts with other people and with his
environment’ and ‘understands the interrelationships between science, technology
and other facets of society, including social and economic development’ (National

Science Teachers Association, 1971, pp. 47-48; cited in DeBoer, 2000, p. 588). This
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change of direction, with respect to previous ideas of scientific literacy, recognised
that a person needs much more than knowledge about scientific concepts and models
in order to be able to participate in society responsibly—it acknowledges that,
besides scientific skills and values, people need social ones in order to make

decisions.

Thereafter, scientifically literate persons were defined as citizens who both knew
how science works and were capable of using their knowledge to make everyday
decisions. Science was supposed to empower citizens to become active agents in
society. By broadening its scope, science education came to include, as an
educational outcome, the application of scientific knowledge in different contexts.
That was why the Science-Technology-Society (STS) movement was created within
science education as an initiative to promote participation in society and the
understanding of the relationships among science, technology, and society. This
movement distinguished itself from traditional science teaching by not presenting
science as a morally neutral enterprise, but rather inviting students to assess the

moral dimension of science, as well as how socially just it was (Solomon, 1994).

In the nineties, the balance shifted yet again. Science educators in the United States
perceived a crisis in science education, as evidenced by the poor performance of
American students in international examinations. At this juncture in time science
education was—Iike so many times in the past—considered fundamental for the
economic growth of the country (Laugksch, 2000). Educators asked for more
academic rigour and an increased emphasis on scientific concepts. In response, in
1989 the American Association for the Advancement of Science published Project
2061. Science for All Americans, a policy document detailing a comprehensive
reform of the educational system to the satisfaction of the scientific community

(DeBoer, 2000; Murcia, 2009).

This report argued for the need of scientifically literate citizens and listed a series of
recommendations for achieving this goal. It emphasised teaching the relationships
among science, mathematics, technology, and the social sciences, as well as of the
knowledge of general scientific principles. This policy document is important

because it attempted to operationalise and systematise the concept of ‘scientific
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literacy’, as well as define its goals and the main ideas a scientifically literate person
should possess (American Association for the Advancement of Science, 1989;
Murcia, 2009). The reform advocated was an ambitious one—the syllabus proposed
included a large number of scientific concepts, some aspects of the nature of science,

and the relationship between science and society.

Fulfilment of all the goals established by this reform would have ensured that all
students achieved an acceptable level of scientific literacy and those wishing to
pursue a scientific career would have had enough basic knowledge to do so. This is
one of the report’s main contributions: it attempts to make compatible, in a
systematic manner, the two main tendencies in science education—the one that
emphasises scientific concepts and the one that emphasises applicability to students’

everyday life and increasing social participation.

Changes in the meaning of scientific literacy, alternatively from an emphasis on
scientific concepts to an emphasis on the usefulness of science for everyday life, has
influenced the profile of students who graduate from basic instruction. In t