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ABSTRACT. One common theme underlying recent reports on science education is that
the content of school science and its related pedagogical approaches are not aligned with
the interests and needs of both society and the majority of the students. Most students do
not find their science classes interesting and motivating. These claims are especially valid
regarding those students who, in the future, will probably not embark on a career in
science or engineering but will need science and technology personally and functionally
as literate citizens. One key problem seems to be that few science programs around the
world teach how science is linked to those issues that are relevant to students’ life,
environment, and role as a citizen. As a result, many students are unable to participate in
societal discussions about science and its related technological applications. This paper
discusses the need to incorporate socioscientific ideas into the science curricula more
thoroughly. This recommendation is supported by a theoretical rationale from various
sources leading to a reflection about common practices in science education in three
countries: Israel, Germany, and the USA. The state-of-the-art, potentials, and barriers of
effective implementation are discussed.

KEY WORDS: context-based-learning, relevance, science curriculum, scientific literacy
for all, socioscientific issue, teaching and learning science

AN ERA OF REFORM AND THE DIRECTION TO GO

In many countries, the gloomy results of the international comparative
assessments, Trends in International Mathematics and Science Study
(TIMSS; since 1995) and the Program for International Student Assess-
ment (PISA; since 2000; Bybee, Fensham & Laurie, 2009; Anderson,
Chui & Yore, 2010), initiated a wave of documents, all of which
encompassed a call for rethinking the goals and pedagogy of science
education. Both the content and pedagogy of science education are being
scrutinized, and new standards have been initiated intended to shape
effective science education. The innovative work Science for All
Americans (Rutherford & Ahlgren, 1991) and subsequent publications
by the Project 2061, e.g., Benchmarks for Science Literacy (AAAS, 1993)
and the National Science Education Standards (NRC, 1996) in the USA,
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directly influenced similar national standards and policies in other
countries such as Germany (KMK, 2004) or Israel (Tomorrow 98,
1992). In recent years, this point of view was supported by a
comprehensive set of scholarly papers urging the need to develop and
implement more relevant, high-skill-oriented, and contextualized science
education (Eilks, Marks & Feierabend, 2008; Gilbert, 2006; Hofstein &
Kesner, 2006; Holbrook, 2005; Holbrook & Rannikmäe, 2007) but also
by several national and international reports, e.g., in the USA Before it is
too late (John Glenn’s committee, 2000), or in Europe Beyond 2000
(Millar & Osborne, 1998), or Science Education in Europe: Critical
Reflections (Osborne & Dillon, 2008).

One common feature underlying all these reports and initiatives is that
the content and pedagogy of school science are not aligned with the needs
of most of the students (Jenkins, 2005; Millar, 2009; Sjöberg & Schreiner,
2006). Even in countries in which the results of TIMSS and PISA are
above average, students do not find their science learning motivating or
relevant (Morell & Lederman, 1998; Osborne, 2003; Osborne, Driver &
Simon, 1998). These claims are especially valid regarding the majority of
students who, in the future, will probably not embark on a career in
science and engineering, but they will need a basic understanding of
science and technology in order to function as literate citizens (Holbrook
& Rannikmäe, 2007; Roth & Lee, 2004; Osborne & Dillon, 2008).

There is uniform criticism that the reason for the lack of motivation
and interest in science education is that in many countries the school
science program is overloaded with content and that the curricula
exclusively emphasize the foundational content of the science disciplines
(Gräber, 2002; Gilbert, 2006; Holbrook, 1998; Millar & Osborne, 1998).
This emphasis often results in science curricula characterized by isolated
facts detached from their scientific origins (De Vos, Bulte & Pilot, 2002)
and with little orientation toward relevant applications to students’ life
and the society (Holbrook, 2005). As a result, students do not make
connections between the learned facts and concepts needed for their
application and thus fail to develop recognition of its relevance. The
learned facts become inert knowledge only connected to the context of
being part of ‘school science’. The learned science does not become
applicable knowledge, and in the end, students are unable to participate in
discussions about science and technology-based societal issues (Gilbert,
2006; OECD, 2006; Osborne & Collins, 2001). Thus, learning of science
(especially chemistry and physics) is perceived by students as lacking
personal relevance. This lack of perceived relevance leads to both low
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levels of motivation and a generally diminished interest in chemistry or
physics as a discipline (Morell & Lederman, 1998; Osborne, 2003, 2007;
Osborne et al., 1998) and might be one of the reasons for the decline in
enrollment in science courses in upper secondary and higher education
(Gilbert, 2006).

Although the idea of linking the learning of science to societal issues is
not new (e.g. Solomon & Aikenhead, 1994), we will revisit this question
from different perspectives and through experiences from various
countries, by addressing three questions:

Y What is today the pedagogical and philosophical justification for
using societal issues in contemporary science education?

Y What kind of societal contexts has potential to help students to
become well-informed and critical citizens via science education?

Y What is the actual state-of-the-art regarding implementation of
socioscientific issues-based science education, what are its poten-
tials, and what are barriers for effective implementation?

INCORPORATING SOCIETAL ISSUES INTO SCIENCE TEACHING: A CONTINUING ISSUE
IN THE PAST 25 YEARS REVISITED AND JUSTIFIED FROM VARIOUS THEORETICAL

PERSPECTIVES

Science for All

In the 1980s, Hofstein & Yager (1982) and Fensham (1988) claimed that
the science curricula of the 1960s and 1970s emphasized mainly
preparation of a limited number of students who had enrolled in science
courses to prepare themselves for future careers in science and
technology. But since the early 1980s, new goals and standards for the
science curriculum have been described toward adopting the idea of
attaining scientific literacy for all students. This idea became guiding
policy in the USA by the National Science Education Standards (NRC,
1996) promoting scientific literacy for all under explicit inclusion of
standards concerning science in social and personal perspectives. A
similar source of justification is the term for all in the concept of
Scientific and Technological Literacy for All, which became a guiding
policy for the UNESCO Project 2000+ in the 1990s (Holbrook, 1998).
Also the Project 2000+ emphasized the societal dimension of science
education, suggesting that it has the potential to enhance the interest of
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students and that subsequently it will motivate them for science learning
as well as to participate in societal debates dealing with scientifically
oriented issues.

A Contemporary Meaning of Scientific Literacy

As it was reflected for the Project 2000+ (Holbrook, 1998), for a long time,
debates have taken place regarding the conceptual meaning of ‘Scientific
Literacy’ (Gräber & Bolte, 1997; Bybee, 1997; De Boer, 2000; Millar,
2009; Norris & Phillips, 2003; Roberts, 2007). Nevertheless, nearly all
concepts explicitly emphasized the societal dimension as being an essential
part of developed scientific literacy up to a political level. For example,
based on Bybee (1997), the OECD (2006) defined scientific literacy as the
basis for PISA (Bybee et al., 2009) as the understanding and skills that
empower individuals to make personal decisions and appropriately
participate in the formulation of public policies that impact their lives.

In all these publications, the question of making appropriate decisions
about scientific and technological issues beyond individual actions bymeans
of responsible citizenship is pronounced (Holbrook & Rannikmäe, 2007;
Marks & Eilks, 2009; Zeidler, Sadler, Simmons & Howes, 2005). It is
suggested that scientific literacy encompasses the learner’s ability to
communicate within and about science according to the original meaning
of literacy (Norris & Phillips, 2003), and it also involves having an adequate
understanding of the interaction of science and technology with our everyday
life and the society in which we operate (Marks & Eilks, 2009).

Also, a recent definition of chemistry literacy included explicitly a
societal component as a necessary dimension (Shwartz, Ben-Zvi &
Hofstein, 2005, 2006). In Israel, this definition initiated the introduction
of science instruction using societal relevant issues related to chemistry
such as nutrition, industry, and environment. It was suggested that science
programs should incorporate teaching/learning materials that assist the
teacher in making science teaching more relevant by integration of
socioscientific issues, to support the development of cognitive and meta-
cognitive strategies as well as emotional and motivational dispositions in
an interesting environment.

Regarding the issue of learning about the role of science in society,
McCann-Sherman (1999) claimed that one of the ways is by studying
community issues that evoke diverse viewpoints, as well as to present
competing interpretations of data and to offer choices among possible
actions. This is in alignment with Marks & Eilks (2009) or Sadler (2004),
who advocated the idea of a stronger inclusion of authentic and
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controversial debates from within society into science teaching that
“encourage personal connections between students and the issues dis-
cussed, explicitly address the value of justifying claims and expose the
importance of attending to contradictory opinions” (Sadler, 2004, p. 523).

Following Roberts (1988, 2007), science teaching should move from
what he called Vision I, in which knowledge and concepts should be
learned and only later be applied generally in various situations, toward
Vision II, where learning science should be situated in authentic contexts.
He suggested that the objectives of secondary school science include (1)
to promote an understanding of the role of science in the development of
societies, (2) to promote awareness of humanistic implications of science,
(3) to develop a critical understanding of those current social problems
that have a significant scientific component in terms of their cause and/or
their solution (e.g. air pollution, or improper use of chemicals), and (4) to
promote understanding and development of skills in the methods often
used by scientists. Thus, Roberts clearly suggested a more thorough
orientation of science on societal issues, as Kempa (1983) did in his
outline of six interrelated dimensions of teaching and learning chemistry,
which explicitly include personal, cultural, and societal dimensions, and
as Yager & Lutz (1995) and Hofstein & Kempa (1985) did in their
suggestion that content areas related to personal, cultural, and societal
dimensions have high potential to provide rich pedagogical experiences
for science education.

Conceptualizing ‘Allgemeinbildung’ to Science Education

Another theoretical foundation for more societal orientation of science
education is found in the central European tradition of Bildung in its
contemporary interpretation as Allgemeinbildung (e.g. Elmose & Roth,
2005; Westbury, Hopmann & Riquarts, 2000). Allgemeinbildung
describes a 200-year-old unique central European tradition of defining
the aim of education. Within this concept, part of the word Allgemein
(which can be translated as ‘general’) has two dimensions. The first
dimension means to achieve Bildung for all persons. The second
dimension aims at Bildung in all human capacities (e.g. Klafki, 2000).
The more difficult term to explain is the idea of Bildung, which has a
tradition dating back to works of von Humboldt (1793/2000) in the late
eighteenth century. Since then, various scholars have tried to clarify the
concepts Bildung and Allgemeinbildung. Our contemporary understand-
ing stems from the 1950s to the 1970s where Allgemeinbildung was
described as the ability to recognize and follow one’s own interests in
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society and to behave within society as responsible citizens, i.e., to
develop the capacity for self-determination, participation, and solidarity
within society (Klafki, 2000). From the idea of Allgemeinbildung, Klafki
and others developed the tool of Didactical Analysis to reflect on whether
a topic or issue is relevant enough to be taught in compulsory formal
education (Klafki, 1958/2000b). Didactical Analysis consists of a set of
questions. According to Klafki, the most important questions reflect
whether a topic or issue has relevance or personal meaning for the learner
at present or in the future as having potential to raise their capacity for
self-determination, participation in society, and solidarity with others.

Based on this theoretical framework, a stronger inclusion of societal
issues in contemporary science education can also be justified. Dealing
with issues that are socially relevant and which are actually discussed is
relevant to the lives of students in present society. Skills developed along
these lines will be important for students’ participation in societal debates
concerning the development of their future as scientifically literate citizens.

Activity Theory and Science Education

In recent years, Van Aalsvoort (2004a, 2004b), Roth &Lee (2004), and
Holbrook & Rannikmäe (2007) referred to Activity Theory regarding its
importance for science education. Activity Theory deals with the important
connection between scientific knowledge and social practice, which is the
“interlinking of knowledge and social practice through establishing a need
(relevant in the eyes of students), identifying the motives (wanting to solve
scientific problems and make socio-scientific decisions) leading to activity
constituted by actions (learning in school towards becoming a scientifically
literate, responsible citizen)” (Holbrook & Rannikmäe, 2007, p. 1353). Thus,
Activity Theory deals with reflecting the content and pedagogy to fulfill the
students’ interests and needs. Including the common goal to educate
responsible citizens, Holbrook and Rannikmäe suggest that “science
education should be regarded as ‘education through science’, rather than
‘science through education’” and that “the over-riding target for science
teaching in school, as an aspect of relevant education, is seen in responsible
citizenry, based on enhancing scientific and technological literacy” (p. 1347).

In more details, Holbrook & Rannikmäe (2007) combine critical
factors in the argument for increased emphasis on societal issues in
contemporary science education—nature of science, skill development,
positive attitudes, decision making, and responsible citizenship. But all of
this is seen as being potentially promoted by using socioscientific
contexts within science education.
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STS, SATIS, STL, SSI, etc.

The literature includes a large variety of related approaches for science
education, based on societal contexts. The approaches are described under
names as Science-Technology-Society (STS; e.g. Solomon & Aikenhead,
1994), Science and Technology in Society (e.g. Holman, 1986), Scientific
and Technological Literacy for All (e.g. Holbrook, 1998), or different
approaches of socioscientific issue-based teaching (e.g. Sadler, 2004,
2008; Sadler & Zeidler, 2009) or sociocritical approaches to science
teaching (e.g. Marks & Eilks, 2009). The approaches vary in their
objectives and thoroughness of societal orientation. Nevertheless, they
seem to have one thing in common. Their application still seems to be
rare in many countries (Gräber, 2002; Pederson & Totten, 2001).

SELECTING TOPICS AND ISSUES FOR MAKING SCIENCE EDUCATION MORE RELEVANT;
THE QUESTION OF ‘GOOD CONTEXTS’ FOR SCIENCE EDUCATION

What Makes a Context Good?

What characteristics of context could be termed a ‘good context’ for
promoting Allgemeinbildung or scientific literacy for all students? Some
authors have recommendations regarding the contextual issue (Pilot &
Bulte, 2006; Gilbert, 2006; Fensham, 2009). However, Sadler (2004),
Zeidler et al. (2005), and Sadler & Zeidler (2009) criticized the poor links
of science teaching with society—even as is the case in some of the context-
based science curricula—and suggested that teaching/learning materials
should encompass a more radical socioscientific issues-based approach.

Also from the tradition of Allgemeinbildung, a more thorough societal
orientation in selecting topics for science education was advocated. Klafki
(1958, 2000) raised this plea for identifying and using society’s key
problems in its respective epoch as the most promising contexts for
Allgemeinbildung. For example, one of the key problems in our epoch
definitely is the debate about climate change. Climate change is
recognized worldwide as one of the central problems with which all
nations are faced and to which they must respond. Understanding climate
change has the potential for science learning. But it also has much
potential to enhance students’ knowledge about an issue that is definitely
relevant to and essential for their future. In addition, this topic has also the
potential to learn how such an issue is handled within society, and one
can introduce the interplay of science with economics, politics, as well as
cultural beliefs and values (Feierabend & Eilks, 2010). On the other hand,
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many topics and contexts in science curricula are important for the domain
from which they stem. For example, learning about specific laws regulating
thermodynamics can be helpful in a later stage regarding the study of physics
and/or chemistry. However, taking the viewpoint of Allgemeinbildung,
learning science without recognizing issues like the problem of climate
change might prepare the students for studying science in a later stage. But
without connecting a topic like thermodynamics toward societal issues, they
will have nearly no potential to help enabling students to act as responsible
citizens in their society in the future.

Based on the framework of Allgemeinbildung, in recent years in
Germany, Eilks (2000, 2002; Marks & Eilks, 2009) advocated the idea of
selecting contexts for science education by applying the criterion of
having authentic societal debates of a controversial character to make
science teaching motivating by using its relevance. As their underlying
goal for science education was described to contribute to education for
responsible citizenry, they emphasized to have students learn about the
actions and intentions of stakeholders, politicians, media, or advertisers
who often use (very often wrongly and persuasive) science-based
information in their actions and also in their decisions. Students should
become informed about the use and character of information they are
faced too and its intended or unintended selection to be used for specific
purposes in a political debate. A key idea is that citizens, even if they are
scientists, always are confronted only to ‘filtered information’, filtered by
journalists, politicians, and pressure groups. Thus, understanding the
process of ‘filtering’ is as important as to understand the background from
science if one intends to participate in societal debate. Thus, Marks &
Eilks (2009) suggested a thorough consideration of respective contexts as
an initial point for science teaching representing societal debate with
having varied and contradictory opinions available in everyday-life
media. As revisable criteria for selecting contexts of potential in the
above discussed means, Marks & Eilks (2009) suggested the following:
(1) authenticity: prove whether the issue actually is present in the
everyday-life media, e.g., TV, newspapers, and advertisements; (2)
relevance: prove that societal decisions in the framework of the issue
will have a direct impact on the students’ life presently or in the near
future; (3) being undetermined in a societal respect: prove that different
positions are documented in the societal debate, e.g., by stakeholders,
pressure groups, and politicians; (4) allows for open discussion: prove
that the debate must be possible without harming any of the students by
touching too deeply their ethical or religious values or their socio-
economic status; and (5) deals with a question of science and technology

AVI HOFSTEIN, INGO EILKS AND RODGER BYBEE1466



that can be proved by analysis of the scientific background. According to
Marks & Eilks (2009), if these criteria are followed, the perception of
relevance will potentially grow and science teaching will attain a
cognitively challenging character.

The Issue of Relevance

As in Marks & Eilks (2009), in all the debate, unanimously the question
of relevance is concerned. Science education should become relevant in
the eyes of the students. However, the issue of relevance is rather
complicated. Teachers and curriculum developers have to be constantly
aware that the issue of relevance is a subjective judgment. Issues that are
relevant to curriculum developers or science teachers might be irrelevant
to the learner.

Keller (1987) in his Attention, Relevance, Confidence, and Satisfaction
model tried to clarify what is meant by relevance in the framework of
motivation. He described strategies that promote relevance: (1) experience,
(2) present worth, (3) future usefulness, (4) needs matching, (5) modeling,
and (6) choice. All these strategies represent various ways to help learners
understand why and what they learn is important (and relevant) to them
currently and in the future. Coming from the discussion above, each of them
has the potential to be interpreted in a societal dimension when learning
science.

More recently, also Van Aalsvoort (2004a) discussed the question of
relevance in the context of science education and formulated four sub-
categories: (a) personal relevance—education by making connections to
pupils’ lives, (b) professional relevance—education by offering pupils a
picture of possible professions that they can pursue in the future, (c)
social relevance—education by clarifying the purpose of science in
human and social issues, and (d) personal/social relevance—education by
helping pupils become responsible citizens in the future. Also this
discussion not only shows the multifaceted aspect of relevance but also
shows clearly the need for incorporating the societal dimension of science
to come to relevant science education.

TEACHING SCIENCE IN SOCIETAL CONTEXTS—THE SITUATION IN THREE DIFFERENT

COUNTRIES

In order to illustrate the state-of-the-art and the potential of incorporating
socioscientific issues in the science classroom more thoroughly, we shall
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discuss the situation in three different countries with different educational
systems, namely Israel, Germany, and the USA.

The Israeli Perspective

Over the years, several attempts were made in Israel to incorporate
socioscientific issues into the science curricula. This curricular emphasis
was used, e.g., in the context of developing and implementing learning
materials related to the chemical industry (Hofstein & Kesner, 2006) or
within the Science for All program (Cohen, Ben-Zvi, Hofstein &
Rahamimoff, 2004; Hofstein & Dori, 2000).

Regarding the industrial chemistry project, the educational approach
was to demonstrate to the students all the variables associated with an
industrial chemistry plant, e.g., technology, scientific consideration, and
economy and related societal issues. The societal dimension (labor or
location of the plant) is necessarily one of these components. The
industrial chemistry case study approach attempts to present chemistry
not only for those who prepare themselves for a career in the sciences but
also for those who will participate in science-related issues as literate
citizens. It was assumed that industrial chemistry has potential in
educating future citizens to cope with societal and ethical issues in
general and related environmental implications, in particular. In utilizing
different industrial chemistry materials, as well as a wide spectrum of
pedagogical interventions, it was attempted to place greater emphasis on
applied chemistry; teaching takes place in an industrial socioeconomic
and environmental context (Kesner, Hofstein & Ben-Zvi, 1997). As a
result, a whole series of industrial case studies was developed, e.g.,
Bromine and its compounds (Hofstein & Kesner, 2006). This project was
accompanied by intensive evaluation. The results clearly show that such
an interdisciplinary approach involved students in learning situations
(including critical and valid decision-making activities) that will
eventually change their perception that chemistry not only deals with
pure, theoretical aspects but that is also relevant and can be applied to
one’s daily life.

The Science for all Program focused on students in upper secondary
school (10th and 11th grade, ages 15–16), who opted not to specialize in
science (biology, chemistry, and/or physics). Some 20 modules were
developed, e.g., ‘Light and Color’, ‘Biotechnology, Environment and
Related Issues’, ‘The Age of Plastic’, ‘The Black Gold’, or ‘Energy and
the Human Being’. Each module emphasizes a scientific issue or topic
with societal ramifications and personal implications. They are inter-
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disciplinary in nature and present various aspects or concepts derived
from different scientific domains as an integral entity. For example, the
module Brain, medicine, and drugs (Cohen et al., 2004) integrates
concepts from various scientific disciplines, technological applications,
and controversial social issues. As a result, it encompasses many relevant
aspects and applications that have the potential to enhance the students’
interest. This topic was selected because the current tenet regarding the
brain and its biological role in humans has a long history of biological
concepts, scientific research methods, ethical and moral issues, as well as
the need for reasoning, critical thinking, and decision making.

Both projects influenced also a more recent initiative. Societal issues
became the key component (the initiator) for the European Union project
Popularity and Relevance (of) Science Education (for scientific) Literacy
(PARSEL, Holbrook, 2008). PARSEL learning materials (modules from
the eight participating countries) were designed to make science teaching
and learning more student-centered, more relevant, and enjoyable
(popular) by relating the learning to students’ everyday-life experiences
(Holbrook, Rannikmäe & Kask, 2008). All together, the project consisted
of about 60 different modules. In Israel, two modules were adopted: Smile
with Healthy Teeth (developed in Greece by Tsaparlis & Papaphotis,
2002) and Milk: Keep It Refrigerated (developed in Estonia). Both
modules deal with health and nutrition, respectively, and were taught by
experienced chemistry teachers to whom the interdisciplinary approach
(including the socioscientific issues) was novel. It became clear that in
order to provide the teachers with valid tools that will help them
implement the modules, one has to involve them in various stages of
adapting to their unique school environment and to enable them to make
decisions related to the content and pedagogy of the module. In order to
bridge this gap, the following constraints were used as guidelines for
adopting the modules (Blonder, Kipnis, Mamlok-Naaman & Hofstein,
2008): (1) from science taught for a future career in the sciences to
science taught for responsible citizenship; (2) from science education
emphasizing basic cognitive concepts to increased emphasis on relevance,
argumentation, and collaboration, with the goal in mind of enhancing
cognitive learning; (3) from a science discipline to a more interdiscipli-
nary approach of using science content; and (4) from a teacher-centered
approach to a more inquiry-type, student-centered approach.

To summarize the Israeli experience, one can claim that introducing
socioscientific issues into the regular curriculum is possible. However,
there are several factors that inhibit this process. The two key barriers for
effective implementation of socioscientific approaches are mainly the
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teachers’ beliefs and deficits in their respective professional development
concerning pedagogical content knowledge regarding socioscientific
issues-based science teaching.

The German Perspective

The roots of societal-oriented science teaching in Germany date to the
1970s. Freise and the group SOZNAT (Naturwissenschaften sozial:
science social) tried to promote a political perspective on applying science
and technology as the motive for teaching and learning science (Freise,
1994). The intention was to integrate the learning of science with the
large debates of the 1970s in Germany concerning a growing ecological
consciousness, or the debate about the use of nuclear technology in
military and non-military applications. However, this approach was to a
large extent and according to many stakeholders quite ideologically
based, and therefore, it provoked a lot of resentment and animosity.
Science education in this sense was perceived as promoting specific
political positions. Thus, this approach was not in line with the idea of
Allgemeinbildung, which intends to educate students to be able to develop
their personal views but does not attempt to indoctrinate them with the
point of view of their peers. As a result, there was a strong political
movement not to politicize science education too much in general and
chemistry and physics education in particular. This led to a situation
wherebymost of these initiatives in the 1980s and 1990s played only a minor
role in chemistry and physics but with less rejection in biology. Biology
education underwent a reform in which ecological and societal questions
were implemented as necessary components in the curriculum, e.g., healthy
nutrition, environmental protection, and family planning. Nevertheless, even
in biology education, this reform did not lead to a balanced integration of
socioscientific issues. In general, the teaching of biology usually focused on
a traditional science background and ethical reflections and thus referred to
only a part of the relevant societal dimensions.

Following the not successful results of Germany in TIMSS and PISA,
a reform in its educational system began. For the first time, in 2004,
Germany initiated nationwide standards for education in many subjects,
among them the sciences (KMK, 2004). These standards are described in
four domains: (1) scientific knowledge, (2) the generation of knowledge
in science, (3) communication, and (4) evaluation. The last two domains
of standards explicitly call for a stronger inclusion of socioscientific
issues in the science education framework. For example, level three in the
standard domain ‘evaluation’ refers to the ability to “weigh arguments for
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the evaluation of an issue from different perspectives and to reflect upon
decision making processes.” Together with selected standards, e.g., from
the chemistry domain, i.e., B5 “The pupils discuss and evaluate societal
relevant statements from different perspectives,” science teaching without
strongly considering a societal approach is no longer appropriate (KMK,
2004). Similar standards are also found in the biology standards but are
rare in the physics standards.

Accompanying this reform, there were several initiatives and ideas
with the goal in mind of promoting a stronger orientation toward teaching
science by a context or socioscientific issues-based approach. One
example is adopting the ideas of the Salters project from the UK (Burton,
Holman, Pilling & Waddington, 1994) within the project Chemie im
Kontext to develop a context-driven curriculum for upper secondary
chemistry education (Nentwig, Parchmann, Gräsel, Ralle & Demuth,
2007) and later also was expanded to projects in biology and physics. The
entire curriculum is structured using a series of contexts that are thought
to be meaningful for the student rather than just supporting the conceptual
approach of chemistry. Many of the units include at least some societal
relevant questions, some of which even begin with a societal point of
view. A similar approach was based by the German parts of the PARSEL
project (e.g. Gräber & Lindner, 2008; see above within “The Israeli
Perspective”) which was connected to a related, industry-based approach:
The project Partnership of Industry and Schools (Gräber, 2002) used
partnerships involving science departments in schools with small- and
medium-sized industrial enterprises and thus automatically includes the
different societal dimensions every industrial enterprise has to cope with.

Also a more radical socioscientific issues-driven approach to science
teaching was presented and implemented in Germany in the last 10 years,
entitled “a socio-critical and problem-oriented approach to chemistry
teaching” (e.g. Eilks, 2000, 2002; Marks & Eilks, 2009). This approach
seeks to initiate science teaching from controversial and authentic issues
from within society to promote students’ skills in being able to
understand, actively participate in, and reflect about societal issues
regarding science-related topics (Marks & Eilks, 2009). Several modules
based on this approach were developed, e.g., about low-fat and low-carb
diets, about the potential risks of musk fragrances in shower gels, the
problem of certain alcoholic drinks especially advertised for young
people, or the use of bioethanol as a fuel (Eilks et al., 2008; Marks &
Eilks, 2009). In the rare case studies where teachers implemented this
approach, accompanying research clearly showed that a thorough
orientation of science education along societal issues is possible and that

SOCIETAL ISSUES AND CONTEMPORARY SCIENCE EDUCATION 1471



it leads to high motivation among teachers and students and contributes to
developing skills of communication and evaluation, which are necessary
for developing a responsible citizenry. We suggest that one of the reasons
could be by the development and implementation through action research
and its potential to contribute to professional development and enhance
ownership among the teachers (Marks & Eilks, 2010).

Although there have been several initiatives promoted by various
scholars, which aimed at promoting a stronger orientation toward
everyday-life relevant topics, technical applications, or societal issues,
application of these concepts in science classrooms is still rare. The
dominant practice in chemistry and physics education is still guided by a
conceptual knowledge approach oriented toward the structure of the
science and is organized along the inner systematics of the respective
academic discipline (Fischer, Klemm, Leutner, Sumfleth, Tiemann &
Wirth, 2005; Ostermeier & Prenzel, 2005).

In summary, apparently the educational system in Germany is ready
for more socioscientific issues-based science teaching. The national
standards allow for, if not demand, more societal-driven science
education. The first textbooks, both from the Chemie im Kontext group
and from the group working on the sociocritical and problem-oriented
chemistry education, are available for upper and lower secondary
chemistry education, which include respective issues, materials, and
methods. Tendencies in biology and physics teaching are going in the
same direction, and first materials are now available. Nevertheless,
changes have not yet occurred. The main reason can be seen in the beliefs
of experienced science teachers about the perceived orientation and
emphasis of science teaching in schools and teachers’ lack of experience
with socioscientific issues in science education. However, ongoing
projects, based on action research approaches or the concept of teachers’
learning communities, seem to hold promise for positive change (e.g.
Eilks, Parchmann, Gräsel & Ralle, 2004).

The USA Perspective

Goals for science education in the USA have long recognized personal
and societal issues. Although these goals have been continually
recognized, they have been subordinate with the dominate goals being
scientific knowledge and scientific methods (Bybee & DeBoer, 1993).
Historically, the rationale for teaching science and addressing various
societal issues has been based on the fact that many, if not a majority, of
contemporary societal problems have scientific and technological com-
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ponents underlying their origins, their solutions, or both. Although the
rationale is strong, the response in curricula, instruction, assessments, etc.,
has been weak.

In recent years, the teaching of science in social contexts has emerged
with the general aim of attaining higher levels of scientific literacy for all
students and with a re-orientation about what scientific literacy in this
context means. In the USA, scientific literacy has been used extensively
to describe the purposes, policies, programs, and practices of science
education. The realization of scientific literacy, however, does not
represent the reality of science education. Evidence from curriculum
materials and instructional practices suggests that somewhere between the
abstract purpose and the concrete practice the science education
community has failed to realize this goal.

Today, two essays stand out when discussions turn to contemporary
science education and the challenges of teaching science in social
contexts and attaining higher levels of scientific literacy in the USA. In
“Science Education for the Twenty First Century,” Jonathan Osborne
(2007) makes a clear case that regardless of the use of scientific literacy
as a stated aim, contemporary science education is primarily ‘foundation-
alist’ in that it emphasizes educating for future scientists versus educating
future citizens. The second essay is by Roberts (2007) and identifies
continuing political and intellectual tension with a long history in science
education. The two politically conflicting emphases can be stated in a
question: Should the curriculum emphasize science subject matter itself,
or should it emphasize science in everyday-life situations in which
science plays a key role? Based on the Project 2061 (Rutherford &
Ahlgren, 1991) and the Benchmarks for Science Literacy (AAAS, 1993)
and taking into account the experiences of the STS movement in the US
and Canada (Solomon & Aikenhead, 1994; Bybee, 1985), the National
Science Education Standards (NRC, 1996, 2005) recognized the importance
of helping students understand and act on various social issues. The
Standards include ‘Science in Personal and Social Perspectives’ and
different aspects of health at each set of grade levels (K-4, 5–8, and 9–12).
There are also contexts for populations, resources, and environments at all
grade levels, or included natural hazards (e.g. earthquakes, volcanoes,
floods, fires, and hurricanes). Finally, they include science and technology in
local, societal, and global challenges. The incorporation of ‘science into
personal and social perspectives’ in national standards (see above) was
intended as a signal that this content was considered a standard and should be
included in all school science programs. It is safe to say that the intention was
not realized in school programs and assessments. In reality, state standards
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only give marginal recognition to these standards or content that is aligned
with these standards.

To sum up, introducing societal issues and fostering scientific literacy
does require a different scientific perspective or emphasis on science
education. In the USA, most school science programs do not emphasize
scientific literacy, i.e., science presented in contexts for citizens, as a
major aim of education. To clarify this issue, the term scientific literacy is
constantly stated as the purpose of science education, and respective
curricula and teaching materials are available (e.g. Chemistry in the
Community, ACS, 1988), but those responsible for school programs
interpret scientific literacy as foundationalist and primarily emphasize
facts, information, and knowledge of the science disciplines and only
secondarily emphasize how science applications are related to citizens’
daily life situations.

BARRIERS FOR EFFECTIVE IMPLEMENTATION OF SOCIETAL ISSUES IN THE CONTEXT

OF SCIENCE EDUCATION AND SUGGESTED METHODS TO OVERCOME THEM

One of the most central factors that inhibit effective implementation of
societal issues into regular science education programs is the teachers’
personal beliefs. Teachers’ beliefs are considered to be the most influencing
factor regarding why and how they behave and act in class (Bandura,
1986). However, these beliefs are usually not developed systematically on
the basis of educational evidence. The most influential factor regarding
teachers’ beliefs is the practice perceived by them while they were students
in school (Kagan, 1992; Veal & Hill, 2004) and later in university (Geddis
& Roberts, 1998), or the use of practices and experiences reported by
trusted colleagues who act as a model for imitation (Appleton & Kindt,
1999). These beliefs can become barriers for effective implementation of
different content, instructional techniques, and pedagogical interventions
and help perpetuating traditional practices (Goodman, 1988).

A recent survey conducted in the USA (Luft, Ortegaz & Wong-Kavas,
2009) showed that a high percentage of the science teachers strongly
support the importance of incorporating more real-world issues into their
classroom in order to increase the relevance of science, as it was recognized
by Pederson & Totten (2001) concerning societal issues. However, this
does not automatically lead to a situation where the societal dimension of
socioscientific issues becomes an equal partner in the teaching and learning
of science because the positive view of the teachers does not receive
enough support by their immediate professional community.
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For most of the teachers, the socioscientific issues-based approach is
unfamiliar. Although some teachers already have positive attitudes toward
a stronger inclusion of societal issues into society, they often fail to
implement societal issues due to the lack of support and scaffolding
(Pederson & Totten, 2001). It can be assumed that, for many teachers as
well as for many professional development providers, teaching science-
related issues is a novel idea to which they were neither exposed in their
initial training (pre-service) at the university nor in other professional
development experiences. In dealing with socioscientific issues, teachers
find themselves in situations in which they have to obtain and learn
background materials from various sources (biology, chemistry, and
physics) as well as from economy, environment, politics, ethics, health, or
nutrition. This often places them in an unfamiliar situation in which they
are not knowledgeable, which in return leads to a low likelihood of
implementing a societal-driven approach (Pedretti, Bencze, Hewitt,
Romkey & Jivraj, 2008). This situation exists in many countries since
both in the pre-service as well as in-service science and science education
courses provide very limited direct (or indirect) experiences through
which the teacher can develop skills and knowledge needed to organize
and facilitate meaningful learning experiences regarding socioscientific
issues. It is suspected that without a solid background, well-developed
skills, and high familiarity in using information from multiple sources,
teachers will continue to be reluctant to adopt socioscientific ideas in their
regular classroom programs (Pedretti et al., 2008).

Clearly, the solution should be to increase teachers’ confidence
regarding the implementation of societal-driven curricular approaches.
Professional development providers should develop and implement more
thoroughly models in which teachers will be involved in all the skills that
are related to this instructional approach. One of the possible remedies to
these phenomena is to make available initial training and professional
development programs in which the idea of teachers’ beliefs and
experiences are intensively challenged. Based on our experience, running
through intended teaching situations, e.g., mimicking societal debates in
role playing (Marks, Bertram & Eilks, 2008), working as journalists,
writing about scientific topics (Marks & Eilks, 2010), or mimicking
political decision-making processes (Feierabend & Eilks, 2010), can lead to
similar discussions and changes in the perception of the science education
among the teachers and teacher trainees, as it does with the school students.

In addition to collecting experiences with already developed examples,
the collaborative development of new examples proofed to be an effective
strategy for change. In the PARSEL project, a professional development
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approach was applied in which teachers were highly involved in the
development and adoption of the instructional strategies and learning
materials (Blonder et al., 2008). It was found that the extensive
involvement of teachers significantly reduced their anxiety in teaching
novel scientific content and also increased their sense of ownership
regarding teaching according to the new approach. Marks et al. (2008;
Marks & Eilks, 2009, 2010) described similar experiences while using
Participatory Action Research (Eilks & Ralle, 2002) to jointly develop
and implement lesson plans for a socioscientific issue-driven approach.
From both experiences, it is suggested that for effective implementation
of socioscientific issues, teachers need to be provided with support that
can be attained, for example, through continuous professional develop-
ment procedures (Harrison, Hofstein, Eylon & Simon, 2008), involve-
ment in curricular development (Hofstein, Mamlok & Carmeli, 1997), or
through action research (Marks & Eilks, 2010).

Another barrier is the way students are assessed regarding their
achievement and progress (Holbrook, 2005). Even when science is taught
in a context with a genuine attempt to make the learning relevant, often
students continue to be assessed by their teachers using traditional,
concept-oriented, paper and pencil tests. Hughes (2000) wrote (based on
the example of the SALTERS curriculum in the UK) that students often
marginalize the socioscientific dimension of learning if the structures and
language of texts and classroom practices are not aligned with a
socioscientific approach. This necessarily is also aligned with the
traditions and practices of external examinations systems in which the
societal dimension often neglected and only the scientific topics are
assessed. Unique and authentic assessment methods aligned with the
goals, pedagogical approach, and content of the approach are necessary to
make such an approach a success (Holbrook, 2005). This is also a
question of the influence of universities and central examination boards.
Both are very influential regarding how science is taught (regarding the
content and the methods) and how students are assessed in the sciences
(Fensham, 1993). As a result, often teachers teach mainly the pure
scientific concepts by a content-structure-driven and teacher-centered
approach but tend to reject or diminish a student-centered strategy for
teaching the relevant societal aspect. The literature is rich in many
valuable strategies for effective implementation of socioscientific issues
in the science classroom (e.g. role-play, drama, business games, debates,
or simulating political decision making). However, a rather gloomy
picture exists regarding the development of assessment tools that are
aligned with the philosophical features described here (Holbrook, 2005).
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SUMMARY AND CONCLUSION

In this paper, we analyzed the rationale and potential role of incorporating
societal issues into science education. The discussion was motivated by a
critical confrontation regarding the difference between two perspectives
of science teaching. The prevailing perspective is internal to science
itself. In this perspective, educational policies, programs, or practices
begin with questions such as what knowledge of science and its processes
should students possess? What facts and concepts from physics,
chemistry, biology, and the Earth sciences should be the basis for school
science programs? In contrast, there is an external perspective that begins
with life situations that citizens might encounter. When teachers think
about educational policies, programs, and practices from this perspective,
typical questions focus on: What aspects of science might be helpful for
students as future citizens? What contexts could be the basis for
introducing science and technology? The difference between these two
perspectives is significant because the design of curricula, the selection of
instructional strategies, and its related support for the professional
education of science teachers differs, and thus subsequently, its related
outcomes will also differ.

Based on several different theoretical frameworks, it was generally
agreed that the inclusion of societal issues into science education should be
enhanced in order to raise the potential of science education to promote
scientific literacy for all students. However, it was also suggested that those
societal issues that are chosen for science education should meet different
criteria. Marks & Eilks (2009), based on several sets of studies, suggested a
set of criteria for selecting potential socioscientific issues. The criteria
should be authenticity, personal and societal relevance, openness of the
societal debate, the possibility of open discussion, and the relation to
science and technology. According to Marks and Eilks, if these criteria are
followed, the perception of relevance will potentially grow and science
teaching will attain a cognitively challenging character. However, although
there are innovative projects in different countries aligned with the
framework outlined in this paper, in general, a lot of those who are in the
center of decision making regarding curricula and syllabuses and also most
of the textbook authors in Germany, the USA, or Israel seem to hold the
internalized perspective that school science programs should first and
foremost emphasize the basic knowledge and processes of science and only
secondarily link to social issues.

We believe that the essence of the discussion presented here suggests
that if the science education community wants to foster higher levels of
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scientific literacy (Bybee, 1997; Shwartz et al., 2006), then it is essential
to recognize the external perspective as an essential component of science
education and to accept the importance of designing and developing
programs and implementing teaching practices consistent with these
goals. What this means, in other words, is that science teachers, science
educators, and curriculum developers must more thoroughly consider
societal desiderata in science education which are (a) to develop curricula
and teaching materials that focus the learning about dealing with societal
issues related to science and technology, (b) to develop appropriate
assessments to appraise students’ attainment of the objectives of these
approaches, (c) to better educate teachers in a way that enable them to
implement these materials and assessments effectively, and (d) to find
ways of providing rewards for teachers and students who are successful in
attaining the goals of socioscientific issues-based science education.
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