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Abstract

Bossér, Ulrika (2018). Exploring the complexities of integrating socioscientific issues
in science teaching, Linnaeus University Dissertations No 304/2018,
ISBN: 978-91-88761-06-4 (print), 978-91-88761-07-1 (pdf). Written in
English.
Socioscientific issues, SSI, can briefly be described as societal issues in which science
plays a role. Dealing with SSI in science education is a means to prepare and
empower students for active and responsible participation in a complex, democratic
society. The implementation of SSI-based teaching calls for classroom practices in
which scientific evidence alongside for example social and ethical perspectives are
considered. Discourse-based teaching activities are emphasized as a means to
provide opportunities for students to practice negotiations of SSI and explore
diverse viewpoints on the issues. Dealing with SSI in science teaching is recognized
as a challenging task for science teachers. This thesis aims to provide knowledge to
support the implementation of SSI-based science teaching. Three studies involving
two upper secondary school science teachers are performed to achieve this aim. The
first study makes use of video-stimulated discussions to investigate the two teachers’
reflections on their classroom practices while they implement SSI throughout an
academic year. The second study utilizes the concept positioning as a tool to identify
and describe the ways in which one teacher’s interactions with students during
group work make available different parts for the students to play as participants,
when dealing with SSI in the classroom. The third study makes use of the concept
communicative approach to investigate how the two teachers’ management of
classroom discussions sets conditions for the consideration of multiple perspectives
relevant to SSI, including the students’ viewpoints. The results provide knowledge
useful when making considerations about the design and enactment of teaching
activities in relation to specific educational goals. The results suggest that a specific
challenge with designing and enacting SSI-based teaching activities is to balance
between controlling and directing the teaching activities to promote specific
learning goals and providing space for students’ participation and perspectives. The
results of employing the analytical tools elucidate how this challenge can play out in
classroom practice and contribute with knowledge of the ways in which teachers’
discursive practices play a role in addressing this challenge. Strategies to support
teachers’ implementation of SSI-based teaching that takes account of teachers’
existing practices are discussed.
Keywords: Scientific literacy, Socioscientific issues, Secondary school science,
Teacher reflection, Classroom discourse

Sammanfattning

Undervisning i naturvetenskap som utgår från Samhällsfrågor med
Naturvetenskapligt Innehåll (SNI) kan vara ett sätt att stödja elevers utveckling av
kunskaper och förmågor som behövs för aktivt deltagande i vårt demokratiska
samhälle. SNI-undervisning karakteriseras av att etiska och sociala perspektiv är
viktiga vid sidan av naturvetenskapliga kunskaper. Det är också viktigt att
undervisningen ger eleverna möjlighet att diskutera och argumentera kring olika
SNI-frågor så att de får möta olika perspektiv på frågorna och möjlighet att göra
personliga ställningstaganden. Tidigare forskning visar att SNI-undervisning
innebär stora utmaningar för lärare i naturvetenskap. Den här avhandlingen avser
att bidra med kunskap som kan stödja införande av SNI i undervisning i
naturvetenskap. Tre studier som involverar två gymnasielärare som arbetar med SNI
i ämnet Naturkunskap har genomförts. I den första studien undersöktes de två
lärarnas reflektioner kring den SNI-undervisning som de genomförde under ett
läsår. I den andra studien analyserades en lärares interaktioner med elevgrupper som
arbetade med en SNI-uppgift om klimatförändringar, för att undersöka hur eleverna
positioneras som deltagare både i klassrumspraktiken och när det gäller diskussioner
och beslut rörande klimatfrågan. I den tredje studien analyserades de två lärarnas
utformning och genomförande av klassrumsdiskussioner om olika SNI. Samspelet
mellan interaktiva och icke-interaktiva kommunikationssätt samt mellan
kommunikationssätt som betonar flera eller endast ett perspektiv på SNI-frågan
undersöktes i relation till möjligheterna för elevers deltagande samt möjligheten att
belysa komplexiteten i en SNI-fråga. Avhandlingens resultat bidrar med kunskap
som kan användas vid överväganden om utformning och genomförande av SNIundervisning för att främja olika mål med undervisningen. Resultaten tyder på att
en särskild utmaning med SNI-undervisning är att balansera mellan olika mål för
undervisningen, särskilt mellan målet att främja elevernas insikt om sin egen
möjlighet att delta i diskussioner och beslut rörande SNI och målet att eleverna ska
utveckla specifika förmågor och ämneskunskaper. Resultaten visar vidare hur denna
utmaning kan ta sig uttryck i undervisningen och bidrar med kunskap om på vilket
sätt lärares kommunikation med eleverna i klassrummet är viktig för att hantera
utmaningen att balansera mellan olika mål. I avhandlingen diskuteras också
strategier för att stödja införande av SNI-undervisning som beaktar lärares
befintliga undervisningsstrategier.
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INTRODUCTION
Contemporary societies are characterized by an abundance of information,
disputed knowledge claims and new technologies. Citizens are increasingly
confronted with questions underpinned by science with associated benefits,
uncertainties and risks, for example: Should genetically modified foods be
allowed? Should vaccination against measles be compulsory? Is increased
taxation on petrol and diesel engine cars the best means to reduce further climate
change? Is anthropogenic climate change a problem at all? Such issues that
involve a science dimension and that also raise a wide range of societal,
political, economic and ethical considerations are often termed socioscientific
issues, SSI (Ratcliffe & Grace, 2003). Common features of SSI, such as those
listed above, are that they are open-ended unsettled problems due to a number
of reasons. For example, they are often subject to ongoing investigation. The
scientific evidence is sometimes incomplete or conflicting. Furthermore,
science alone cannot resolve SSI, because they are cross-disciplinary and often
involve struggles between contradictory interests. Consequently, it is possible
to arrive at different conclusions regarding how to best deal with a certain issue.
An important aim of science education is to empower and prepare students
for taking part in debates and decision-making and for taking action in relation
to contemporary SSI. This is emphasized in current curricula in many countries
worldwide. The report “Science education for responsible citizenship”
(European Commission, 2015) authored by an expert group on science
education working on behalf of the European Commission, outlines a new
framework for science education for the 21st century. The authors argue that,
besides inspiring and preparing students to aspire careers in science
Science education is vital: /…/ To empower responsible
participation in public science conversations, debates and
decision-making as active engagement of European citizens in the
big challenges facing humanity today (ibid. pp.14-15)
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They go so far as suggesting that “inadequate public knowledge about and
understanding of the complexities of the scientific and social challenges facing
humanity, across Europe and globally” (ibid. p. 17) can undermine our future.
This implies that:
Science educators, at all levels, have a responsibility to embed
social, economic and ethical perspectives into their teaching and
learning in order to prepare students for active citizenship and
employability” (ibid. p. 10)
In Sweden, the curriculum for the upper secondary school states that school
should encourage all students to “actively participate in the life of society by
giving of their best in responsible freedom” (Skolverket, 2013, p. 4). All
students should “satisfy the preconditions for taking part in democratic
decision-making processes in societal and working life” (ibid. p. 9). These goals
should be pursued in all school subjects. The context of this thesis is the subject
“Science Studies”, compulsory for non-science students in the Swedish upper
secondary school. Important aims of the subject are that students develop an
awareness of their own role in current societal issues with relations to science
and that they develop knowledge and skills vital to participate in and influence
societal development (Skolverket, 2011a).
This thesis takes as its point of departure that dealing with SSI in science
education can provide a means to promote students’ development of knowledge
and skills crucial to their participation in debates and decision-making on such
issues in life outside school. However, the implementation of SSI in science
education challenges traditional approaches to science teaching. Such
approaches are typically characterized by transmissive pedagogy (Lyons, 2006;
Osborne, Duschl, & Fairbrother, 2002) and a focus on students’ learning of
disciplinary content knowledge and training of practical skills (Linder et al.,
2011; van Driel, Beijaard, & Verloop, 2001). Due to the complex nature of SSI,
dealing with such issues typically involves the consideration of
interrelationships between science, technology, society, and the individual. It
implies dealing with questions to which there are no clear answers, often
involving conflicting interests and ethical dilemmas. Further, the goal to prepare
students for taking part in debates and decision-making on SSI calls for
instructional activities in which students have opportunities to explore different
possible courses of action and form their own views on issues (Skolverket,
2011b). Important teaching strategies include discussion in which students have
the opportunity to share their ideas with others (Ratcliffe & Grace, 2003;
Zeidler, 2014). The implementation of SSI in science education thus requires a
different approach to science teaching, compared to traditional modes of science
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teaching. It is therefore not surprising that it has been shown to be a challenging
task to many science teachers (Sadler, 2011b).
It has been argued that teachers are the most influential factor in educational
change (van Driel et al., 2001). Despite this, research that investigates the nature
of teachers’ challenges with implementing SSI in science teaching is scarce.
Little attention has been paid to the ways in which these challenges play out in
classroom practice and how teachers can deal with these. Moreover, only a few
studies have addressed teaching strategies that fit with certain goals relevant to
the implementation of SSI in science education. Further research that
investigates teachers’ experiences and classroom practices when dealing with
SSI is therefore urgent for at least two reasons. First, such studies can extend
our understanding of teachers’ challenges in this area and how these can be
addressed. Second, they can provide knowledge useful in guiding decisions on
strategies to deal with SSI in science teaching. The studies undertaken in this
thesis aim to make a contribution in both these areas.

Aim of this thesis
The overarching purpose of this thesis is to provide knowledge to support the
integration of SSI into science education. This is achieved by investigating two
science teachers’ reflections on their classroom practices and by examining
aspects of their classroom practices while they implement SSI into their
teaching.
Three studies are performed to achieve the aim. Study I makes use of videostimulated discussions to investigate the two teachers’ reflections on their
classroom practices while they implement SSI throughout an academic year. It
aims to identify and describe major challenges for the teachers as well as
developments that can be stimulated in response to these challenges. Studies II
and III investigate features of the teachers’ classroom practices while they deal
with SSI. They aim to elucidate the teachers’ practices in terms of their design
and enactment of teaching activities involving SSI and to identify and describe
benefits and limitations with these practices in relation to certain aims with
integrating SSI into science education. Moreover, studies II and III aim to
provide knowledge about how teachers’ challenges can play out in classroom
practice and how teachers can deal with these.
Taken together, the three studies aim to provide additional insights into
teachers’ challenges with implementing SSI into science teaching and to
identify and describe ways in which they can be addressed. Moreover, they aim
to provide knowledge useful in guiding decisions on the design and enactment
of teaching activities involving SSI.

7

BACKGROUND
Scientific literacy as a goal of science education
One of the aims of science education is that all students acquire knowledge that
is useful for dealing with science-related issues that they encounter in daily life
and for participating in a democratic, scientifically complex society. This broad
objective for science education is often referred to as scientific literacy (Roberts
& Bybee, 2014). However, there is less agreement as regards what knowledge
and skills constitute scientific literacy and the reasons for advocating scientific
literacy also vary (Laugksch, 2000).
The term scientific literacy generally stands for ”a broad and functional
understanding of science for general educational purposes and not preparation
for specific scientific and technical careers” (DeBoer, 2000, p. 594). Scientific
literacy was introduced in the science education literature already in the 1950s,
primarily referring to an appropriate goal for non-science-oriented students
(Roberts, 2007). At this time, in the wake of World War II, policy-makers and
members of the scientific community raised concerns about a considerable
scepticism among the public towards the link between scientific developments
and societal progress (DeBoer, 2000; Laugksch, 2000). On the one hand, the
idea that scientific progress relies on a public that understands and is supportive
of science and scientific research led to calls for educating citizens that
understand and hold positive attitudes to science. On the other hand, if there
were risks associated with scientific progress, it was argued that all citizens need
to be able to make informed judgments about such risks (DeBoer, 2000). In
addition, it was argued that all citizens need some basic understanding of
science to meet the demands of an increasingly scientifically complex society
but there was no consensus as regards what constitutes a basic understanding
that all citizens need (Laugksch, 2000). Arguments were put forward that
besides science content knowledge some understanding of the nature of science,
NOS (for a thorough review, see Lederman, 2007), as well as of the
interrelationships of science and society are important elements of scientific
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literacy. However, scientists and science educators generally considered a
profound knowledge of disciplinary content and familiarity with methods of
scientific inquiry as the essence of scientific literacy and this notion gained
grounds in the 1960s (DeBoer, 2000).
In the 1980s, the time the average student stayed in secondary education had
started to increase. In light of this, there was a growing concern among policymakers that science curricula that mainly focus on disciplinary content do not
meet the needs of those students who do not intend to pursue science careers
(Fensham, 2016). This led to calls for defining aspects of science education that
are appropriate for all students, regardless of their plans for the future. By this
time, scientific literacy was being increasingly used in the science education
literature as a term to describe the goals of science education appropriate for all
students (Roberts, 2007). This meaning of scientific literacy seems to be
prevailing in contemporary science education literature. However, there is still
no consensus as regards the precise definition of the term scientific literacy.

Different perceptions of scientific literacy: Vision I and Vision II
One way to succinctly describe different perceptions of scientific literacy,
introduced by Roberts (2007), is to consider them as reflecting essentially two
different visions, termed Vision I and Vision II. These two visions encompass
different notions of what characterizes a scientifically literate person. They also
reflect different orientations to the purposes of school science.
Broadly speaking, advocates of Vision I conceive of scientific literacy as
primarily an understanding of scientific concepts and theories and elements of
scientific investigation (Roberts, 2007). The scientific disciplines thus serve as
models that guide the selection of content and the sequencing of school science
curricula. This means that scientists and science educators decide what content
is relevant, what Aikenhead (2006) refers to as wish-they-knew science. The
main purpose of school science education according to Vision I is to teach
students scientific knowledge and scientific ways of thinking (Roberts & Bybee,
2014). This knowledge is then assumed to be useful to the individual in a variety
of everyday contexts, even though the lack of empirical research that supports
this assumption is noteworthy, as Feinstein (2011) convincingly points out.
Research indicates that individuals dealing with science in their everyday lives
often do not draw on a body of school-based knowledge of scientific facts and
methods (Feinstein, Allen, & Jenkins, 2013). Instead, in response to the needs
of the situation, they typically access “relevant pieces of science” (ibid. p. 314)
and consider their implications on a local or personal level. In view of this
research, it has been suggested that science education should strive “to work
backwards from real-life, examining the authentic situations in which science is
or could be useful and finding pedagogies that anticipate the needs of these
situations” (Feinstein, 2011, p. 174).
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Vision II approaches the issue of scientific literacy from this opposite
direction. According to Vision II, scientific literacy is conceptualized as
knowledge and skills that individuals need in order to deal with societal issues
and everyday situations in which science plays a role, sometimes referred to as
science for citizenship (Roberts & Bybee, 2014). The main purpose of science
education is to prepare students for decision-making on science-related issues
that they encounter in daily life and for participation in a democratic,
scientifically complex society (Roberts, 2007). Accordingly, social and
everyday issues serve as an appropriate starting point for science education
targeted towards scientific literacy according to Vision II. It means that the
interrelationships between science, technology, society, and the individual
typically need to be considered, which may give rise to, for example, ethical
dilemmas. The relevant science content is need-to-know science that is relevant
to individuals as they make decisions on specific science-related issues
(Aikenhead, 2006). There is no consensus among policy-makers or researchers
on the precise knowledge and skills that individuals need in order to be able to
deal with science-related issues that they encounter in daily life. Empirical
studies that investigates this are scarce, but provide some suggestions.
Specifically, important knowledge and skills are: knowing how to access
science that is relevant to the particular issue; knowledge of NOS; and critical
thinking skills, in the sense of the ability to judge the credibility of claims based
on available information (Feinstein et al., 2013; Ryder, 2001).
Despite making this clear distinction between the two visions of scientific
literacy, Roberts (2007) points out that they are to be viewed as the extremes on
a continuum. As distinct categories, they can facilitate analysis and reflection
on the points of departure and purposes of school science, but in actual policy
and practice, they often complement one another. Curricula in many countries
emphasize the importance of including elements of both Vision I and Vision II
for all students, regardless of their plans for the future (Roberts, 2007).
Nevertheless, Vision I has a long tradition in science education in the Western
countries (DeBoer, 2000) and it seems to retain a large influence on science
education today. Contemporary science education mainly focuses on students’
learning of science content knowledge and training of practical skills while less
attention is given to NOS and to science-related societal and everyday issues
(Hofstein, Eilks, & Bybee, 2011; Linder et al., 2011; van Driel et al., 2001).
Science educators and researchers have expressed criticism against this
approach in light of the perceived lack of relevance of school science to many
students and unsatisfying learning outcomes. In response to this deficiency,
science educators and researchers have taken various initiatives targeted
towards promoting scientific literacy according to Vision II during the last
decades. Important initiatives are Science, Technology, and Society (STS) and
Science, Technology, Society, and Environment (STSE) education and
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Socioscientific Issues (SSI) education (Roberts & Bybee, 2014), which will be
further described in later sections.
At the same time, over the last 30 years there have been calls for standardsbased reforms of science education, particularly in the United States, due to a
reported decrease in academic performance among students (DeBoer, 2000).
Standardized assessments that to a large extent are based on recall of science
content knowledge, for example TIMSS 1 have also gained increased
importance in many countries worldwide (Fensham, 2016). For students to
succeed on such tests, science teachers need to focus on supporting students’
learning of disciplinary content, probably at the expense of dealing with NOS
and science in a societal context. A reduced emphasis on science in society and
everyday life situations can also be discerned in the framework for PISA 2
Science 2015 (Roberts & Bybee, 2014). The OECD (2017) defines scientific
literacy as the basis for PISA 2015 “by the three competencies to: explain
phenomena scientifically; evaluate and design scientific enquiry; interpret data
and evidence scientifically” (ibid. p. 21), which can be considered closely
aligned with Vision I of scientific literacy. It is likely that the increased
importance of such international assessments is one reason why Vision I
maintains its strong position in contemporary science education.
Taken together, there seem to be trends that work in opposite directions. On
the one hand, there is the increased importance of international standardized
assessments that focus on disciplinary content. On the other hand, there is the
increased emphasis in science curricula on preparing all students for dealing
with science-related societal and everyday issues. There thus seems to be an
enduring tension in science education between Vision I and Vision II.
Aikenhead (2006) goes so far as describing that there is:
…a competition between two ideologies: a humanistic perspective
that promotes practical utility, human values, and a
connectedness with societal events to achieve inclusiveness and a
student orientation, versus a traditional perspective that promotes
professional science associations, the rigors of mental training,
and academic screening to achieve exclusiveness and a science
orientation. (p. 22)
He further argues that despite calls for approaches to science education that will
meet the needs of all students, the status quo of science education is the
preparation of students for future studies and careers in the field of science. This
view is supported by Fensham (2016), who argues that this status quo of science
education is reflected in contemporary science curricula that often stress the
importance of considering science in society while ignoring this dimension
1
2

Trends in International Mathematics and Science Study, see https://nces.ed.gov/timss/
Programme for International Student Assessment, see http://www.oecd.org/pisa/
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when listing the specified science content that the students are supposed to
learn. Consequently, teachers who strive to implement approaches to science
teaching aimed at promoting scientific literacy according to Vision II have to
work counter to tradition and deal with contradictory demands.

Movements towards scientific literacy according to
Vision II
Over the last decades, a number of initiatives have been taken that set out to
promote students’ scientific literacy according to Vision II by providing
classroom experiences with dealing with science-related social and everyday
issues. In some countries, for example in the UK (Millar, 2006), specific courses
that target scientific literacy according to Vision II have been designed. In
addition, a number of broad frameworks have been developed that deal with
social and everyday issues as contexts for learning. Among these, STS and
STSE education and SSI education have had profound impact on the science
education community.

STS and STSE education
STS was introduced as a term in the 1980s. It emphasizes the interrelationships
of science, technology and society. Yager (1993) states that “STS means using
technology as a connector between science and society” (p. 147). Originally,
STS education was broadly concerned with making school science more
relevant to students by making use of current real-world issues as contexts for
science learning. For example, teaching can start with a question relevant to the
local community or a problem reported in the media. Dealing with the question
or problem requires specific knowledge of technology and science that can then
be addressed in instruction so that the students can finally make an informed
decision or reach a conclusion regarding the issue (Aikenhead, 1992).
The use of current real-world issues as contexts for science learning can be
regarded as one step towards Vision II. Yet, a strong emphasis on knowledge of
science and technology as a basis for decision-making on issues, and less
attention to other considerations, for example social and ethical, show that STS
still shared some features with Vision I. More recently, STSE education has
been introduced as an approach that clearly sets out to promote scientific
literacy according to Vision II. STSE education is in some way or another
concerned with relationships between science, technology, society and
environment and emphasizes explicit considerations of social, political,
environmental and ethical perspectives in relation to current science-related
issues (Barrett & Pedretti, 2006; Pedretti & Nazir, 2011).
However, STSE education as currently practiced in schools displays a rich
variety of interpretations and emphases. On the one hand, there are approaches
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that narrowly focus on applications of technology in society as a means for
science learning (Pedretti & Nazir, 2011). Such approaches can be considered
oriented primarily towards scientific literacy according to Vision I. On the other
hand, there are approaches in which SSI are considered as a means to promote
diverse outcomes, ranging from critical thinking, higher order reasoning, and
decision-making skills to moral development and activism (Pedretti & Nazir,
2011). Such more far-reaching approaches are characterized by recognizing
the importance of broadly conceptualizing scientific literacy to
include informed decision-making; the ability to analyse,
synthesise, and evaluate information; nature of science (NOS)
perspectives; the coupling of science, ethics and moral reasoning;
and agency (ibid. p. 604).
This variety of approaches have been described in terms of a spectrum ranging
from STSE education for social reproduction to STSE education for social
reconstruction (Barrett & Pedretti, 2006). Education for social reproduction
implies broadly to prepare students to function responsibly in the given social
conditions. Education for social reconstruction, on the other hand, “is based on
encouraging students to reconstruct society into something more equitable and
just” (ibid. p. 241).
Because of the variety of interpretations and emphases, STSE education as
an umbrella term has been criticized for being too diffuse. Concerns have been
raised that the issues under consideration often do not connect with the students’
lives (Zeidler, Sadler, Simmons, & Howes, 2005). Concerns have also been
raised that STSE education often does not pay sufficient attention to ethical
dilemmas related to the issues under consideration and fails to “exploit the
inherent pedagogical power of discourse, reasoned argumentation, [and]
explicit NOS considerations” (ibid. p. 359). The SSI framework specifically sets
out to address these concerns.

SSI education
SSI education is gaining increased importance in science education
internationally. It builds on a framework that explicitly considers moral
reasoning and ethical considerations being hallmarks of scientific literacy
(Zeidler et al., 2005). Thus, within this framework, the notion scientific literacy
is given an even more comprehensive meaning to include the understandings
and attitudes that individuals need in order to be able to make informed
decisions regarding science-related social issues with moral or ethical
implications (Zeidler & Sadler, 2011). SSI education aims at preparing students
for informed, responsible participation in our rapidly changing and
scientifically complex democratic societies (Ratcliffe & Grace, 2003; Sadler,
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2011a). With this objective in view Zeidler argues in a review (Zeidler, 2014)
that SSI education ideally to some extent should:





Utilize personally relevant, controversial, and ill-structured problems that
require scientific, evidence-based reasoning to inform decisions about
such topics
Employ the use of scientific topics with social ramifications that require
students to engage in dialogue, discussion, debate, and argumentation
Integrate implicit and/or explicit ethical components that require some
degree of moral reasoning
Emphasize the formation of virtue and character as long-range
pedagogical goals (ibid. p. 699).

This description is essentially in accord with the approach proposed by Ratcliffe
and Grace (2003). They suggest that SSI education implies making use of issues
that have a basis in science and have some impact on society and that address
personal, local, national and global dimensions. Typically, dealing with SSI
involves evaluation of information that is sometimes incomplete and
conflicting, and consideration of values, both one’s own and those of others,
related to the issue under consideration. Moreover, they argue that students’
moral development is an important educational objective and suggest that to
promote this goal, discussions in which students have the opportunity to share
their ideas with others is an important teaching strategy.
Several other frameworks elaborated for SSI education also show common
features with the ones described above, for example: the one proposed by Marks
and Eilks (2009) for chemistry education, the one developed by Ekborg, Ideland
and Malmberg (2009) for the Swedish upper secondary school science
curriculum, and the one inductively constructed by Sadler (2011b) from a
synthesis of selected SSI-related classroom research from different countries
and school levels. They all share a concern with preparing individuals to be
responsible participants in our rapidly changing and scientifically complex
democratic societies. They all build on the idea that a compelling societal issue
with connections to science will serve as a context for the instructional
activities. They further suggest that it is essential that the students are provided
with opportunities to explicitly consider the scientific evidence but also social
considerations relevant to the issue, and that they are encouraged to explore
diverse viewpoints that can be held on an issue. Suggestions for instruction
involve, for example, argumentation, reasoning, decision-making or positiontaking activities (Feierabend & Eilks, 2011; Sadler, 2011b).
Consequently, SSI education as conceptualized above instantiates a Vision II
approach to science education that deals with diverse perspectives on issues
related to science in a societal context. It also instantiates an approach that is
student-centred in the sense of aiming at being personally relevant to students
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and inviting students to engage in the negotiation of issues through various
discourse-based activities. Thus, it invites students to make use of their personal
experiences, viewpoints, and values in the science classroom. In essence, SSI
education seems to overlap with the far-reaching approach to STSE education
proposed by Pedretti and Nazir (2011, p. 604).
However, SSI education as practiced in schools have been elaborated in
many different ways, foregrounding different educational objectives.
Simonneaux (2014) describes this as there being a large variation in “the extent
to which teachers ‘heat up’ or ‘cool down’ these issues” (ibid. p. 99).
At the cold end of the continuum, the main educational objective is students’
learning of science concepts related to the issues under consideration. The
teacher primarily utilizes a SSI to enhance student motivation in the science
subjects by referring to matters related to real life. Typically, lectures in which
the teacher conveys knowledge to the students dominate in this approach, which
means that the teacher is the authority while the students have a passive role
(Simonneaux & Simonneaux, 2012). This approach can thus be considered to
promote scientific literacy according to Vision I.
On the far hot end, Simonneaux (2014) places approaches that aim to prepare
and encourage students to take action of some kind in response to SSI, by
involving students in research-informed action projects, for example informing
others on SSI or changing one’s personal lifestyle. In light of the seriousness of
many problems associated with SSI, such approaches aim to educate citizens
that are willing and able to take responsibility and enact change for the common
good, that is, to bring about social and environmental justice and sustainability
(Bencze & Carter, 2011; Hodson, 2003). Accordingly, scientific literacy
includes the ability and commitment “to look critically at the society we have,
and the values that sustain it, and to ask what can and should be changed in
order to achieve a more socially just democracy and to ensure more
environmentally sustainable lifestyles” (Hodson, 2003, p. 654).
Between the far cold and hot ends, Simonneaux (2014) describes a broad
range of possible ways that teachers can make use of SSI to promote different
components of scientific literacy. SSI are dealt with as controversial issues that
involve some degree of uncertainty. Educational objectives such as promoting
students’ understanding of NOS, their development of informed views, and their
abilities to negotiate and make informed decisions on issues are at the fore.
Towards the hot end of the continuum, there is increased emphasis on
promoting and encouraging engaged citizenship. As regards teaching activities,
they can involve identification of diverse stakeholder interests and values,
evaluation of risks, evaluation of evidence, and decision-making, depending on
the educational objectives that are emphasized (Simonneaux, 2014). They are
often carried out in the form of group work or discourse-based simulation
activities such as debates and role-plays (Simonneaux & Simonneaux, 2012).
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Thus, similar to the different approaches to STSE education, approaches to
dealing with SSI in science education can be placed on a spectrum from
essentially promoting social reproduction to explicitly promoting social
reconstruction. This means that SSI education too have become a diffuse
construct, despite resting on an elaborated framework. In this thesis, SSI-based
education or education in which SSI are integrated refers to education that
makes use of science-related societal issues as contexts for teaching and
learning. This means that science content is introduced on a need-to-know basis
in order to understand and deal with a certain issue. The SSI is not just an “addon” to enhance student motivation. Moreover, SSI-based teaching ought to
provide opportunities for students to explicitly consider various perspectives
relevant to an issue, for example through discussions and debates. The different
perspectives may include, but are not limited to, social implications, ethical
considerations and various stakeholder interests. Ideally, SSI-based education
thus invites students to bring their own experiences and viewpoints to bear in
the learning activities and provide opportunities for them to be exposed to and
try to understand others’ standpoints. The overarching aim of such an SSI-based
approach is to prepare students for informed decision-making and action in
society, even though action on issues is not necessarily a part of the instructional
activities in school. It can thus be placed somewhere towards the hot end of the
continuum.
SSI-based education, as conceptualized in this thesis, thus resonates with the
frameworks put forward by Zeidler et al. (2005) and Ratcliffe and Grace (2003).
However, because SSI-based education has such a large scope, it seems
inevitable that when put into practice different emphasis will be given to
different, narrower, objectives to meet the needs of different educational
contexts and as a result of teachers’ different commitments, knowledge and
experiences, without rejecting its core ideas. For example, SSI-based education
can be used to promote students’ informal reasoning skills (Chung, Yoo, Kim,
Lee, & Zeidler, 2016; Zeidler, Sadler, Applebaum, & Callahan, 2009),
understanding of NOS (Eastwood et al., 2012), development of content
knowledge (Klosterman & Sadler, 2010), and character development (Lee et al.,
2013). Although foregrounding different aspects of scientific literacy, such
approaches that make use of SSI as contexts for learning fit within the
overarching framework of SSI-based education.

Conditions for and potential outcomes of SSI-based
teaching
Due to the complex nature of SSI, dealing with such issues entails the
consideration of various perspectives and sources of knowledge. Diverse
knowledge and skills may be involved when individuals engage in negotiations
and decision-making on SSI. Consequently, SSI can potentially be used as
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contexts for promoting a large variety of educational outcomes. In a review of
research literature concerned with SSI as contexts for teaching and learning,
Sadler, Barab and Scott (2007) point out that SSI can serve as contexts for
teaching and learning science content, in terms of discipline specific content
knowledge and aspects of NOS. What is more, SSI can serve as contexts for
citizenship education. In this section, I will review research concerning the
knowledge, skills and dispositions that may be involved when students
negotiate and make decisions on SSI, as well as research concerning the
potential of SSI-based instruction to promote the development of diverse
educational outcomes. I will use the same distinction as Sadler et al. (2007)
between science knowledge (discipline specific content knowledge and
knowledge of aspects of NOS) and knowledge and skills relevant to citizenship.

Relationships between SSI-based teaching and science
knowledge
Relationships between SSI-based teaching and discipline specific content
knowledge
As aforementioned, there is little evidence that discipline specific content
knowledge and knowledge of scientific theories and methods of scientific
investigations is, as a matter of course, useful to individuals in everyday
situations in which science plays a role (Feinstein, 2011). However, research on
students’ reasoning on SSI suggests that they need at least some understanding
of the science content relevant to the issue in order to be able to negotiate SSI.
Lewis and Leach (2006) addressed the relationship between science
knowledge and reasoning on SSI in their study of over 200 students aged 14-16
years engaging in discussions on social implications of gene technology. The
results suggest that the knowledge base needed is relatively small, yet
important. Without some understanding of relevant science concepts, the
students found it difficult to engage with the issues under consideration.
Specifically, the students needed basic science understanding relevant to the
context to identify key issues to consider in their discussions. Such key issues
involved, for example, the rights of different individuals potentially affected by
decisions regarding genetic screening or potential future consequences of the
use of human growth hormones for social gain. However, the students rarely
explicitly drew on science content during their discussions. This finding is
similar to the results from studies by Christenson, Chang Rundgren and
Höglund (2012) and Sadler and Donnelly (2006) that indicate that students
rarely apply content knowledge in their reasoning on SSI.
The study by Sadler and Donnelly (2006) explicitly sought to explore the
relationship between content knowledge and the quality of reasoning on SSI, as
expressed in interviews, among 56 students aged 15-18 years. They found no
significant relationship between content knowledge and reasoning quality
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among these students. This result differs from what is reported in a couple of
other studies. A study by Wu and Tsai (2007) investigated the reasoning of 71
grade 10 students on a SSI about nuclear power through open-ended
questionnaires. The results indicate that scientific knowledge is an important
prerequisite for high quality reasoning among students. Another study by Sadler
and Zeidler (2005) compared the reasoning regarding issues related to gene
therapy of 269 undergraduate science and non-science students. They found that
students with more profound understandings of genetics demonstrated higher
quality reasoning on the issues than those with lower levels of knowledge. An
explanation for these discrepant results is proposed by Sadler and Donnelly
(2006). They suggest that while content knowledge may be significant for
negotiating SSI, it may not be a linear relationship between content knowledge
and quality of reasoning. They also suggest that besides content knowledge
“context knowledge”, in terms of some understanding of the issue itself and the
arguments surrounding it regarding risks and benefits, is important to the quality
of reasoning on SSI.
Even though the research in this area is limited and restricted to a few subject
areas, what seems to be the key issue is that students need some knowledge of
science content relevant to the issue (Lewis & Leach, 2006) and some context
knowledge about the specific issue (Sadler & Donnelly, 2006) to be able to
meaningfully engage in negotiations on SSI. It thus seems like considerations
with respect to what issues are appropriate to introduce have to be made from
time to time for each group of students in relation to their prior knowledge in a
certain subject area. In addition, considerations have to be made from time to
time with respect to what content knowledge should be introduced to the
students before dealing with a certain issue.
Students’ science content knowledge learning gains from SSI-based
instruction have also been addressed in research. The results suggest that SSI
can serve as useful contexts for science learning (Sadler et al., 2007).
Klosterman and Sadler (2010) used a pre- and post-test design to measure the
content knowledge gains of 108 11-12th grade students involved in a threeweek unit on global warming. The unit involved discussion of media reports,
introduction to different perspectives on the issue, lab exercises related to basic
concepts such as combustion, and analysis of recent climate data. Finally, the
students made suggestions for national policy. The results show that the
students’ content knowledge significantly improved during the course of the
SSI-unit. However, it is important to note that no comparison was made with
students offered other forms of instruction. What the study shows is that
students can learn science while dealing with SSI but not that they learn more
or less than with other forms of instruction. Differences in learning gains were
addressed in another study by Zohar and Nemet (2002). They investigated
differences in knowledge gains between students offered traditional teaching
about genetics (lectures and problem solving tasks) and students involved in an
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SSI-unit dealing with dilemmas in human genetics, with a focus on developing
students’ argumentation skills. The students involved in the SSI unit were
offered lectures about the structure of arguments and got opportunities to
practice the construction of arguments, counter arguments and rebuttals with
guidance from the teacher. In total, 186 ninth grade students participated in the
study. The students involved in the SSI-unit that focused on argumentation
performed significantly better on a test of genetics knowledge. However, even
if the students constructed their arguments about dilemmas in genetics, it is not
possible to conclude if the SSI context was the reason for the enhanced learning
gains or if the explicit instruction about argumentation was perhaps more
important or if both conditions were necessary.
Relationships between SSI-based teaching and understanding of NOS
Research has also addressed the relationship between SSI-instruction and NOS.
NOS typically refers to characteristics of the scientific enterprise, i.e. the ways
in which scientific knowledge is developed and produced and characteristics of
scientific knowledge. In general terms, understanding NOS can involve
understanding that scientific knowledge is: tentative and subject to change;
empirically based; subjective, in terms of involving personal biases, and/or
theory laden; involves human inference, imagination and creativity; and
socially and culturally embedded (Lederman, 2007). More specifically,
understanding NOS can include basic understanding of concepts such as
validity, reliability, scientific modelling and correlation, along with knowledge
about the evaluation of evidence and sources of uncertainty in science (Kolstø,
2000; Ryder, 2001). In the context of SSI, a realistic understanding of the
possibilities and limitations of science in resolving such issues (Oulton, Dillon,
& Grace, 2004) as well as knowledge about the role of consensus in science and
the differences between frontier science and textbook science (Kolstø, 2001)
have been emphasized as particularly important aspect of NOS understanding.
Research indicates that understanding of NOS can enhance the quality of
decisions on SSI. Khishfe (2012) used a pre- and post-test design to investigate
the relationship between students’ levels of NOS understanding and their
decisions on an issue related to genetically modified food. The study involved
84 9th grade students divided into a treatment group and a control group. The
treatment group was explicitly taught about NOS aspects and how to apply these
aspects in argumentation regarding genetic engineering. The control group
received instruction about genetic engineering and opportunities to practice
argumentation in relation to the issue. The treatment group significantly
enhanced their NOS understandings, in contrast to the comparison group. The
results show that enhanced NOS understanding positively influenced the quality
of the students’ decision-making on the SSI under consideration. Students with
less informed NOS understandings based their decisions mainly on health
benefits to individuals or moral, ethical, religious or economic considerations.
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Many of the students with profound NOS understandings also backed up their
decisions with empirical evidence and considered the tentative and subjective
nature of the scientific evidence. The findings of another study by Khishfe et al.
(2017) provide additional evidence to suggest that informed views of NOS
enhance the quality of decision-making on SSI.
Conversely, research also indicates that SSI-based instruction has the
potential to promote students’ understanding of NOS (Sadler et al., 2007),
although the evidence in this area is still limited. For example, a study by
Vázquez-Alonso, Aponte, Manassero-Mas and Montesano (2016) shows that
first year university students dealing with a SSI on mining that focused on the
mutual influence of mining and society significantly enhanced their NOS
understanding. Although the improvement was modest, it was significantly
better compared to a control group that did not deal with this SSI. However, no
information is provided on the instruction that the students in the control group
received which makes it difficult to judge the importance of the fact that the
higher achieving students were the ones who were involved in the SSI-unit.
Another study by Eastwood et al. (2012) investigated the effect of NOS
instruction in the context of SSI and found that it promoted gains in students’
NOS understandings. The study compared the gains of 11-12th grade students
involved in two different learning contexts dealing with anatomy and
physiology. Both groups received explicit NOS instruction, one in the context
of SSI (the SSI group) where the instructional activities involved “discussion,
argumentation, role-play, small group activities, and research into particular
issues” (ibid. p. 2297) and one in what is described as a traditional approach
with mainly lectures, lab-work and completion of work-sheets (the content
group). Both groups showed gains in NOS understandings but there was no
significant difference between the groups. However, a greater proportion of the
students in the SSI group used specific examples to support their perspectives
on NOS.
Thus, it seems like SSI-based instruction may promote students’
understanding of NOS but the most important issue here seems to be that NOS
is taught explicitly. This assumption is to some extent supported by previous
research (Eastwood et al., 2012).

Relationships between SSI-based teaching and knowledge and
skills relevant to citizenship
As described above, SSI education can be used as a means to promote learning
outcomes specifically related to science education. At the same time, SSI-based
education aims to promote scientific literacy that includes the understandings
and attitudes vital to informed decision-making regarding science-related social
issues with moral or ethical implications, as a preparation for responsible and
active citizenship. Preparation for responsible and active citizenship implies
that knowledge and skills other than those traditionally addressed in science
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education may be relevant. Based on classroom experiences, Sadler et al. (2007)
propose that four important practices, that are all relevant to citizenship
education, are involved when making informed decisions on SSI. These
practices are:
(1)
(2)
(3)
(4)

Recognising the inherent complexity of SSI.
Examining issues from multiple perspectives.
Appreciating that SSI are subject to ongoing inquiry.
Exhibiting skepticism when presented with potentially biased
information (ibid. p. 374, italics in original).

As a construct that encompasses the practices described above, the researchers
introduce the term socioscientific reasoning.
As regards the first practice, recognizing the inherent complexity of SSI, it
involves avoiding simplifying the issues or trying to solve them based on simple
cause and effect reasoning. Instead, strategies to evaluate conflicting forms of
evidence are needed. The second practice, examining issues from multiple
perspectives, implies realizing that diverse well-reasoned positions can be held
on an issue, positions that sometimes conflict with your own. The third practice,
appreciating that SSI are subject to ongoing inquiry, implies realizing that SSI
typically are characterized by uncertainty of some kind. Often significant
information is missing. There are often open questions, for example regarding
potential future consequences of certain courses of action. The third practice
therefore also involves recognizing the need for more information as well as
searching for more information if it is available. Finally, the fourth practice,
exhibiting scepticism when presented with potentially biased information,
involves realizing that different stakeholders affected by certain actions in
relation to a SSI have different interests that can influence the ways they
perform inquiries and present information regarding the issue. In other words,
it involves evaluating the trustworthiness of information and sources of
information.
Socioscientific reasoning, as conceptualized above, involves diverse
understandings and skills that have been addressed in research utilizing different
constructs focusing on different aspects. Zeidler et al. (2009) evaluated the
effects of SSI-based instruction on students’ development of reflective
judgment, also described as reasoned argumentation. Reflective judgment
involves evaluation of evidence that may be contentious and the analysis of
different positions, and the use and integration of evidence and moral
considerations to support a position. The study involved 40 Anatomy and
Physiology students in the 11th -12th grade. Half of the students were from two
classes that constituted the treatment group and explored anatomy and
physiology content in the context of SSI concerning for example organ
transplant allocation, stem cell research and fast food consumption. The
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instruction in these classes explicitly focused on argumentation and discourse.
The rest of the students derived from two classes that constituted the comparison
group that received a text-book driven instruction dominated by lectures and
occasional laboratory activities. Both groups received explicit NOS instruction.
The researchers assessed the students’ reflective judgment through interviews
in the beginning and in the end of the school year. The results show that the SSI
context was beneficial to students’ development of reflective judgment. The
students in the comparison group showed no significant gains with respect to
reflective judgment. That argumentation and discourse about SSI can be
beneficial to students’ reasoned argumentation is also supported by the results
from a study by Rudsberg, Öhman and Östman (2013). In that study, the
researchers analysed a video-recorded classroom discussion that took place in
upper secondary school, in which the students were encouraged to take a stand
and defend their position on a SSI concerned with environmental problems. The
results show that students can make progress in their reasoned argumentation
by participating in this kind of discussion on SSI.
The constructs socioscientific reasoning (Sadler et al., 2007) and reflective
judgment (Zeidler et al., 2009) comprise both processes and certain outcomes,
or qualities, that can be cultivated. Both constructs can be considered as
components of critical thinking. Critical thinking is a construct that is used with
a variety of meanings referring to the processes that people engage in (they
engage in critical thinking) and the skills and abilities (critical thinking skills)
that can be developed to meet certain criteria (“good” thinking) (Bailin, 2002).
In the science education literature, critical thinking is often related to
argumentation, which involves the evaluation of claims based on available
evidence, as well as the evaluation of the reliability of the sources of these
claims, to arrive at a reasoned argument (Jiménez-Aleixandre & Puig, 2012).
However, Jimenez-Aleixandre and Puig (2012) emphasize that there is another
dimension of critical thinking that is related to social emancipation and
citizenship that involves consideration of the relationship between social goals,
means and values. This dimension involves the capacity to develop independent
viewpoints and not simply relying on other’s views, and “the capacity to analyse
and criticize discourses that justify inequalities” (ibid. p. 1006).
Some other constructs that have been proposed as important for informed
decision-making on SSI, for example moral sensitivity (Fowler, Zeidler, &
Sadler, 2009) and perspective taking (Kahn & Zeidler, 2016), can be considered
to fit with this second dimension of critical thinking specifically related to social
emancipation and citizenship. Moral sensitivity implies the ability to recognize
the moral implications of some aspects of an issue (Sadler, 2004b). It involves
being able to consider possible negative consequences for other people of
different courses of action (Fowler et al., 2009). Perspective taking is related to
moral sensitivity, because it involves the “ability to recognize and consider the
diverse cognitive and emotional viewpoints of others within SSI” (Kahn &
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Zeidler, 2016, p. 263). While the cognitive aspect is closely related to
argumentation, for example the ability to anticipate and develop
counterarguments, the emotional aspect involves empathy and moral
sensitivity. Research has shown that moral sensitivity can be promoted through
SSI-based instruction (Fowler et al., 2009) and strategies have been proposed
for promoting perspective-taking skills in the context of SSI, based on researchbased practices in other disciplines (Kahn & Zeidler, 2016). For example, the
use of narratives from different stakeholders affected by an issue or a strategy
based on asking the students to consider what would make them take a position
that is opposite to their own have been suggested.
For the sake of clarity, I will henceforth use the term critical thinking to
encompass both the reasoned argumentation dimension and the emancipation
and citizenship dimension.

Design and enactment of SSI-based teaching – a
complex task
The number of studies that address SSI as contexts for teaching and learning is
still limited. However, the research field is steadily growing and, as described
above, there is some evidence to suggest that SSI-based education can provide
a means for promoting students’ development of science knowledge (discipline
specific content knowledge and knowledge of aspects of NOS) as well as critical
thinking skills, vital to active and engaged citizenship. Unfortunately, the
studies reviewed above do not offer many details about the actual teaching
taking place in the classroom. Mainly general descriptions of the instructional
activities are provided. For example, Klosterman and Sadler (2010) describe
that the students were urged to “identify their own personal reactions to global
warming” (ibid. p. 1023). In the study by Eastwood et al. (2012) the students
engaged in “discussion, argumentation, role-play, small group activities, and
research into particular issues” (ibid. p. 2297) and the students in Zeidler et al.
(2009) participated in debates and discussions that encouraged them “to
confront core beliefs” (ibid. p. 78) and required them to evaluate claims, analyse
evidence and make informed decisions. Although these general descriptions
provide a sense of the activities going on in the classrooms, they do not offer
substantial advice on how to put SSI-based education into practice.
As aforementioned, frameworks for SSI education build on the idea that a
compelling societal issue with connections to science should serve as a context
for instruction. They further suggest that the students should be provided with
opportunities to explicitly consider the scientific evidence but also social
implications relevant to the issues and that they should be encouraged to explore
diverse viewpoints that can be held on an issue. Instructional activities that
involve collaborative discourse and argumentation are emphasized. This is
because participation in collaborative discourse and argumentation is
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considered fundamental to students’ preparation for active and responsible
citizenship (Driver, Newton, & Osborne, 2000; Ratcliffe & Grace, 2003;
Zeidler, 2014; Zeidler et al., 2005). For example, the analysis and construction
of different interpretations and claims in relation to available evidence mirrors
the function of argument in scientific inquiry. Such activities can promote
enhanced understanding of NOS (Driver et al., 2000). Collaborative discourse
on SSI also offer students opportunities to personally engage with the issues, to
consider their own values and viewpoints and those of others, with the
overarching goal of empowering students. As expressed by Sadler (2009):
science education ought to encourage learners to develop a sense
of having something to say about these issues and to see
themselves as legitimate participants in social dialogues,
particularly those which involve science (ibid. pp. 12-13)
This implies specifically recognizing the students’ personal perspectives on the
issues.
However, it has been questioned whether classroom experiences that involve
negotiation and decision-making on SSI actually prepare students for dealing
with science-related issues in life outside school (Levinson, 2013; Roth & Lee,
2004). This is certainly a legitimate question and more research is needed to add
to our knowledge of what kinds of classroom experiences are best suited to
prepare students for engaged and responsible citizenship in life outside school.
Nevertheless, there is some empirical evidence to suggest that classroom
practices involving discussion and dialogue effectively promote students’
development of citizenship in the sense of their ability to contribute critically to
society, participate in processes of political life, and deal with conflicts and
differences (Geboers, Geijsel, Admiraal, & ten Dam, 2013). Moreover, the
claim by Roberts (2007) that refraining from offering students classroom
experiences with dealing with science-related social and everyday issues will
certainly not prepare them for dealing with such matters in out of school
contexts seems reasonable. Sadler (2011a) follows the same line of reasoning
and proposes that:
If our goal is to help students become better able to contribute to
debates and decisions about important societal issues with links
to science and technology, then we need to create learning
contexts such that learners actually confront some of these issues
and gain experiences negotiating their inherent complexities.
(ibid. p. 4)
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In other words, providing students with opportunities to negotiate and make
decisions on SSI provide an important means to promote development of
scientific literacy according to Vision II.
However, general frameworks for SSI education do not offer much guidance
as regards how to plan and implement such instructional activities. Zeidler,
Applebaum and Sadler (2011) propose a model for SSI-based instruction that
can inform the planning and implementation of a SSI-unit. The model includes
eight steps from topic introduction to engage students in the issue under
consideration, via instructional activities ranging from formal instruction to
group work and class discussions, to knowledge and reasoning assessments.
Detailed descriptions of specific SSI-units, for example in chemistry
(Feierabend & Eilks, 2011; Marks & Eilks, 2009) and biology education (Lee,
2007) can also be found in the literature.
Although such models and descriptions of specific units can offer some
guidance in the planning and implementation of SSI-based instruction, many
considerations remain for the teacher to make in relation to the specific teaching
context. Ratcliffe and Grace (2003) propose that, for the teacher, the
implementation of SSI-based instruction involves:





clarification of the learning goals for the particular activity;
consideration of the structure of the task;
clarification of the role the teacher should take in introducing,
facilitating and summarizing values-based discussions;
monitoring progress in learning (ibid. p. 85).

A general framework illustrating different decisions involved in teachers’
design and enactment of instructional activities has been developed by Clough,
Berg and Olson (2009). It essentially comprises the same considerations as the
ones proposed by Ratcliffe and Grace (2003) but also specifically illustrates
important relationships between these. The framework (see Figure 1) highlights
that decisions regarding design (selecting, sequencing, and organizing content,
tasks, activities, and resources) and enactment (teacher behaviour) of
instructional activities are ideally made in light of desired goals (students’
actions and students’ learning) and in relation to the teachers’ knowledge of his
or her students. It gives some idea of all the considerations that teachers have to
make while implementing a SSI-unit and during each instructional activity.
First, because SSI can potentially be used as contexts for promoting a large
variety of educational goals related to science content knowledge and critical
thinking, the teacher needs to decide which goals to be foregrounded in a
particular unit or task. Such decisions can be made in relation to the students’
prior knowledge and the knowledge and skills to be developed according to the
national curriculum.
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Second, in designing an SSI-unit, the teacher needs to consider what issues
are appropriate for a certain group of students, for example on the basis of the
students’ prior knowledge and by considering potential connections to the
students’ lives. Moreover, the teacher needs to consider what activities are
appropriate for exploring the complexity of the selected issue. A debate where
students represent different interest groups, a discussion in which they put
forward their own viewpoints, or something completely different? Last but not
least, the teacher needs to consider how students’ progress in learning should
be assessed. Should it be made through written tests of disciplinary content
knowledge, debate activities or written papers, to name a few options?

Student learning
Goals

consistent with

Student actions
selected to promote

informs decisions regarding

Teachers’ design and enactment of instructional activities
selected to understand

informs decisions regarding

Knowledge of students: e.g. students’ knowledge and
developmental differences
Figure 1. Framework for teachers’ decision-making, adapted from Clough, Berg and Olson
(2009).

Third, the teacher needs to consider what role to take in the enactment of the
instructional activities. For example, should the teacher guide the students’
collaborative discourse and argumentation through acting as a neutral chair, i.e.
encouraging the expression of any perspective on the issue, or by taking a
balanced approach, i.e. making sure that diverse perspectives are represented
(Ratcliffe & Grace, 2003)?
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Thus, the implementation of SSI-based teaching (or indeed any teaching) is
a complex task that requires the teacher to make numerous decisions. Research
has shown that teachers’ decisions are influenced by their knowledge and their
beliefs concerning school science, teaching, students and the school setting
(Lantz & Kass, 1987; Pajares, 1992; Roehrig & Kruse, 2005). Moreover,
teachers’ decisions are influenced by their beliefs about self, or self-efficacy
(Jones & Leagon, 2014; Pajares, 1992). Teachers’ knowledge comprises not
only disciplinary knowledge but also experiential knowledge and everyday
knowledge (van Driel et al., 2001). Teachers’ beliefs are closely related to
pedagogical values and can be described as “the filter through which new
knowledge is interpreted” (ibid. p. 142) and as an interpretation of experience
that guides future action (Pajares, 1992). Other terms such as attitudes, opinions,
perceptions, conceptions or perspectives are often used interchangeably (ibid.).
Teachers’ beliefs are interdependent and influenced by a number of factors such
as academic background, teaching experience and the current teaching situation,
but also by things like raising children of their own (Lantz & Kass, 1987; van
Driel et al., 2001). Teachers’ beliefs are often resistant to change, but it has been
shown that changes in practice that teachers find successful, for example with
respect to student outcomes, can lead to changes in teachers’ beliefs (Pajares,
1992).
Yet, despite this complexity and the crucial role that teachers play in the
implementation of SSI-based teaching, a majority of the SSI-related research
has focused on students’ reasoning and decision-making on SSI. Research that
addresses teachers’ perceptions of and experiences with SSI-based instruction
is relatively scarce. Nevertheless, the findings from these studies provide
important information about challenges teachers face when taking on the
complex task of SSI-based teaching.

Previous research on teachers’ beliefs and practices
of relevance to SSI-based teaching
Teachers’ beliefs and practices in relation to connecting school
science to societal contexts
There is evidence that many science teachers are positive towards connecting
school science to real life and societal contexts. Moreover, many teachers
endorse the notion that values and ethics need to be addressed in school science
because they play a significant role in the resolution of SSI and in science in
general. Consequently, the integration of SSI in science education seems to be
in accord with many science teachers’ beliefs about science and science
education. However, social implications of science and moral and ethical
considerations seem to be deemphasized in teachers’ actual classroom practices.
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A study by Lee, Abd-El-Khalick and Choi (2006) investigated 86 Korean
secondary science teachers’ perceptions of SSI and SSI teaching through written
questionnaires and semi-structured interviews. The findings from the study
show that the teachers typically acknowledged the importance of ethical
considerations in the negotiation of SSI and that some teachers emphasized it
as an inherent feature of scientific inquiry. The teachers typically expressed the
need for addressing SSI in science education and expressed that this would be
beneficial for students’ understanding of science as well as their critical thinking
skills. However, the results show that the teachers did not address SSI in their
classrooms, more than at a superficial level, and they did not provide students
with opportunities to thoroughly consider SSI.
In the US, Pedersen and Totten (2001) investigated the beliefs of 32 science
teachers interested in improving their science teaching methodologies regarding
the implementation of controversial social/technological issues in the
curriculum. In the 44 item survey used to collect the data, 75% of the teachers
expressed that they believed that it is important to include social issues in
science teaching and nearly 90% stated that they would feel comfortable
discussing such issues in the classroom. Fewer teachers, around 56%, reported
that they actually did incorporate social issues in their science teaching. Sadler,
Amirshokoohi, Kazempour and Allspaw (2006) used semi-structured
interviews to explore 20 science teachers’ perspectives on dealing with SSI and
with ethics in their teaching. They classified the participants into different
profiles, from teachers who strongly rejected the idea that ethics play a role in
science (one teacher) or who did not think that SSI should be a part of science
education (five teachers) to teachers who described that they used various
strategies for introducing SSI in their teaching (nine teachers). Between these
extremes, there were five teachers who embraced the idea that SSI should be
included in science education but who did not put the ideas into practice due to
perceived impediments.
In England and Wales, Levinson and Turner (2001) lead an investigation of
the teaching of social and ethical issues arising from developments in
biomedical research. The investigation was carried out through written
questionnaires, interviews and seminars and involved the examination of 156
secondary science teachers’ perceptions of social and ethical issues in the
curriculum and the identification of strategies employed in teaching. The results
indicate that science teachers think that it is important that social and ethical
considerations related to biomedical research are addressed in school. However,
the results also show that when the science teachers addressed biomedical
topics, they tended to focus on the science content related to the issues while
giving scant attention to social and ethical considerations.
In Sweden, Sund (2016) used semi-structured interviews to explore 29
secondary school science teachers’ perceptions of science teaching, including
the relationship between school science knowledge and society, and the place
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of ethical considerations in science. Six teachers described their teaching as
mainly focused on conveying disciplinary content to the students as a way of
enabling students to become scientists. The rest of the teachers reported that
they clearly connected school science to real life and societal contexts. They
either focused on knowledge and values that students can apply to improve their
quality of life or explicitly focused on preparing students’ for engaged and
responsible citizenship. Ekborg, Ottander, Silfver and Simon (2013)
investigated 55 Swedish secondary school science teachers’ experiences of
working with SSI through the use of web-based questionnaires complemented
by semi-structured interviews with seven of the teachers. The interviews
showed that all of these teachers were positive towards connecting school
science to real life issues that involve considerations other than science.
However, they expressed that in their teaching examples from real life were
generally included to contextualize the regular science content they had planned
to cover and not to enhance understanding of that particular issue.
Even though there are of course variations among teachers, the studies
reviewed above indicate that the integration of SSI in science education is in
accord with many science teachers’ aspirations. Yet, these aspirations are often
not put into practice.
Other studies point in a somewhat different direction and show that many
science teachers’ beliefs concerning science teaching seem to be in line with
scientific literacy according to Vision I. The primary purpose of science
teaching is to convey disciplinary knowledge to students. Aikenhead (2006)
reviews research on teachers’ orientations towards the science curriculum and
concludes that many science teachers are inclined to focus on decontextualized
content while marginalizing perspectives on science in society. Recently,
Tidemand and Nielsen (2017) investigated Danish upper secondary biology
teachers’ interpretations and implementation of SSI through group interviews
with 11 teachers and questionnaires answered by 100 teachers. The researchers
conclude that the teachers seem to have “a strong personal connection” (ibid. p.
57) to the subject discipline they teach. From the teachers’ responses, it
appeared as they focused their teaching primarily on disciplinary content while
societal issues were mainly introduced to frame the teaching of content. This
result is consistent with that of the study by Levinson and Turner (2001) in the
UK. It has been suggested that one reason why many science teachers hold
beliefs in line with Vision I is that they are strongly influenced by their
university studies in which they often encounter a traditional view of science as
objective and value-free (Cross & Price, 1996; Witz & Lee, 2009).
In sum, there seems to be a great diversity among teachers as regards their
beliefs about school science and science teaching.
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Teachers’ beliefs and practices in relation to incorporating
student-centred discourse-based instructional activities
Research indicates that many science teachers are positive towards
incorporating student-centred discourse-based activities to address SSI. Bryce
and Gray (2004) report the results from interviews with 10 Scottish biology
teachers regarding their experiences from implementing a course for upper
secondary school that specifically covers social and ethical implications of new
biotechnologies. The results show that the teachers recognized the need to
involve students in discussions of such issues. The results from a study in
England by Oulton, Day, Dillon and Grace (2004) point in the same direction.
The study explored 205 primary and secondary teachers’ perceptions of dealing
with controversial issues in the classroom. The teachers in the study generally
reported that they viewed student-centred discourse-based activities, such as
discussions, debates and role-play, as important strategies to deal with such
issues. The teachers also reported that they frequently incorporated such
activities in their classrooms.
However, other studies indicate that student-centred discourse-based
strategies are not so frequently used in school science. Lyons (2006) reports that
students in England, Sweden and Australia experience science education as
dominated by transmissive pedagogy with little opportunity for discussion. In
the teacher questionnaire associated with TIMSS 2015 in Sweden (Skolverket,
2016) only a third of all grade eight students’ science teachers report that they
frequently encourage discussions between the students. For the younger
students in grade four, only about a quarter of the teachers frequently encourage
discussions. These results are in line with findings from previous studies that
also show that science classroom discourse is typically dominated by the
teachers and that not much time is devoted to discussions and argumentation in
science lessons (Newton, Driver, & Osborne, 1999; Osborne et al., 2002).

Teachers’ challenges with SSI-based teaching –
results from previous research
Taken together, research indicates that SSI-based teaching with its associated
emphasis on discourse-based student-centred classroom practices is in accord
with many, though clearly not all, teachers’ beliefs about school science and
teaching. However, the discrepancy between teachers’ aspirations and actual
classroom practices suggests that the implementation of SSI-based teaching is
a challenging task to many science teachers, although there is clearly a great
diversity between teachers in this respect. The research literature suggests that
a number of different factors lie behind teachers’ challenges with SSI-based
teaching. Some of these are particularly salient and they will be presented
below. They concern the traditions of school science, teachers’ beliefs about
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students’ knowledge and abilities, and teachers’ knowledge and skills relevant
to SSI-based teaching.

The influence of the traditions of school science
The traditions of school science seem to exert great influence on science
teachers. In their evaluation of the “Science for Public Understanding” course
in the UK, that aimed at promoting students’ understanding of NOS and of
social implications of science, Osborne et al. (2002) observed that transmissive
pedagogy focused on the explanation of science concepts predominated in many
lessons. They suggest that a reason for this is that ”teachers are moulded by the
culture of the discipline and activity in which they have engaged, often for many
years. Breaking that mould is neither straightforward nor simple” (ibid. p. 31).
A recent study by Lundqvist and Sund (2016) renders further support to this
suggestion. In their study, nine teachers divided in three groups discussed the
merits and weaknesses of questions from national tests in science. Each group
contained teachers holding similar beliefs about school science and teaching.
The grouping was based on individual interviews with teachers performed in a
previous study (Sund, 2016). One group consisted of teachers who mainly
focused on conveying disciplinary knowledge as a way of enabling students to
become scientists. Another group of teachers focused on scientific knowledge
and how it can be applied in students’ lives. The last group oriented their science
teaching primarily towards preparing students for engaged and responsible
citizenship. The analysis of the teachers’ group discussions showed that all
groups tended to shift towards an “objective value free science discourse”
(Lundqvist & Sund, 2016, p. 14), despite their initial differences. The
researchers interpret this as the teachers being influenced by the traditions of
school science. As aforementioned, these traditions lean towards scientific
literacy according to Vision I.
The influence of the traditions of school science is also visible in the results
from two other studies performed in Sweden. A study by Lunde (2014)
investigated how 22 teachers in school years 7-9 dealt with the requirement to
include inquiry-based learning activities, as expressed in the national
curriculum. The results show that even though the teachers took steps towards
including more inquiry-based activities, traditional laboratory work focused on
promoting conceptual understanding and training of practical skills was
prominent in the teachers’ practices. A study by Leden, Hansson, Redfors and
Ideland (2015) examined how 12 teachers teaching science in school years 3-9
talked about NOS and the teaching of NOS. Despite the teachers talking about
NOS in multiple different ways, they reported that they often choose not to
address NOS aspects in teaching. The teachers often described their teaching as
focused on established facts and the researchers noted that the teachers seemed
to try to avoid making profound changes to their teaching.
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Moreover, many students are also adapted to and adhere to this tradition.
Researchers working with SSI-based interventions report that reform efforts
associated with transforming traditional classroom practices are often met with
resistance from students who have become accustomed to prevailing practices
and teacher-student relationships (Zeidler et al., 2011). One reason for this may
be that some students’ ways of being “good science students” are challenged by
new approaches to teaching and learning implied by the implementation of SSI
(Ideland & Malmberg, 2012).

Teachers’ beliefs about students’ knowledge and abilities
As regards teachers’ beliefs about students, they have been shown to influence
teachers’ instructional practices (Lantz & Kass, 1987; Roehrig & Kruse, 2005).
Many teachers seem to be concerned that students lack sufficient skills in areas
that they consider essential to student-centred discourse-based classroom
practices. For example, they are uncertain that students are sufficiently skilled
in independently searching for information (Ekborg et al., 2013) or state that
students lack sufficient content knowledge to negotiate SSI (Ekborg et al., 2013;
Tidemand & Nielsen, 2017). In addition, teachers may be concerned that
students will have difficulties with staying on task in group discussions,
something that is reported in studies by Ratcliffe and Millar (2009) and Tal and
Kedmi (2006).
Teachers may also be concerned that some students will be disadvantaged in
discussions due to difficulties with language or with making their voices heard,
as reported by teachers in the study by Leden et al. (2015). Such beliefs about
students may be one reason why transmissive pedagogy in which the teacher
conveys disciplinary knowledge to the students prevails. Experiences of
students not engaging in discussions may be one reason why teachers hold such
beliefs, because teaching experiences influence teachers’ beliefs about students
(Lantz & Kass, 1987; van Driel et al., 2001). Some studies report that students
do not always want to share their opinions on controversial issues in
discussions. This was reported by some of the 12 science teachers in a study by
Day and Bryce (2011) in Scotland, that investigated teachers’ understanding of
discussion as a teaching strategy. Reasons for this can be students’ religious
beliefs or students’ difficulties expressing themselves if they work in a second
language, as reported by science teachers in New Zeeland in a study by France,
Mora and Bay (2012).

Teachers’ knowledge and skills
Regarding teachers’ knowledge and skills, many science teachers are unfamiliar
with, and lack proficiency in, student-centred discourse-based teaching
strategies (Aikenhead, 2006). Specifically, research indicates that structuring
and facilitating classroom discussions on open-ended science-related issues is a
difficult task that teachers are not always comfortable with or feel sufficiently
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skilled to deal with. For example, based on focus groups interviews with 14
science teachers in the UK, Newton et al. (1999) identified the management of
classroom discussions as a difficult pedagogical task that many teachers lack
necessary skills or confidence to deal with. The management of open
discussions was also reported by Millar (2006) as a significant challenge for
many teachers in the implementation of the “Twenty First Century Science”
course3 in the UK. These results are in line with those from several other studies.
Bryce and Gray (2004) report that the teachers in their study seemed uncertain
as regards strategies to initiate and manage discussions. In addition, several of
the teachers in the study by Lee et al. (2006) in Korea expressed low confidence
in their ability to implement discourse-based instructional approaches such as
role-playing or group discussions, as did also many teachers in the study by
Oulton, Day et al. (2004).
Classroom studies confirm that structuring and facilitating classroom
discourse that elicits and takes account of students’ perspectives are complex
tasks. In the UK, Levinson (2004) investigated the role of an upper secondary
school science teacher in shaping classroom discourse in the context of
bioethical issues. He concluded that, even though open discussion of ethical
issues related to advances in biomedical research was a specific aim of the
lessons, facilitating such discussion “constituted a formidable challenge for the
teacher” (ibid. p. 361). Another study in the U.S. by Pimentel and McNeill
(2013) analysed five secondary science teachers’ management of classroom
discussions during the teaching of an ecology unit, wherein one lesson was
aimed at eliciting students’ views about climate change. The researchers
concluded that the teachers’ moves during the discussions often constrained the
students’ expressions of their reasoning and their perspectives on the issue.
Moreover, research indicates that teachers often lack proficiency as regards
the assessment of the complex skills involved in decision-making on SSI
(Aikenhead, 2006). Tidemand and Nielsen (2017) found that in none of the
group interviews performed in their study the teachers could articulate a clear
strategy for assessing competencies that are involved in SSI-related teaching
activities. This result is in line with the results from the interviews with teachers
conducted in the study by Levinson and Turner (2001). The researchers
concluded that “few teachers had experienced effective modes of assessment of
social and ethical issues in science” (ibid. p 44). As a consequence, teachers
may neglect thorough assessment of students’ achievements in SSI-related
activities, as reported by some of the teachers in the studies by Ekborg et al.
(2013) and Tidemand and Nielsen (2017). Alternatively, teachers may focus
their assessment primarily on the students’ use of science content knowledge,
while aspects of critical thinking such as the development and evaluation of
arguments involving several perspectives are not assessed. This is shown in a
This is a course developed in England that specifically emphasizes the use of contemporary sciencerelated issues and the teaching of NOS as means to promote students’ scientific literacy.
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study by Christenson (2015) in which she performed semi-structured interviews
with three science teachers to examine what aspects they consider in their
assessment of students’ argumentation regarding a specific SSI. The results
show that the science teachers focused their assessment on the students’ content
knowledge while neglecting, for example, structural aspects of the argument.
Similar assessment practices were reported by some of the teachers in the study
by Tidemand and Nielsen (2017) who explained that they focus mainly on the
students’ use of disciplinary content in argumentations on SSI.

Missing links in research on SSI-based teaching
that this thesis addresses
Despite the growing body of research that addresses the integration of SSI in
science education, there are still missing links that need further attention.
Integrating SSI in science education means that teachers often have to work
counter to traditions of school science. This means that they may have to design
and enact instructional activities that neither they nor their students are familiar
with. It is reasonable to assume that this is a challenging task and this
assumption is supported by research, as described above. However, in the
research literature the descriptions of teachers’ challenges in relation to SSIbased teaching are mainly derived from teachers’ accounts in interviews and
questionnaires (Bryce & Gray, 2004; Day & Bryce, 2011; Lee et al., 2006;
Millar, 2006; Newton et al., 1999; Oulton, Day, et al., 2004; Tidemand &
Nielsen, 2017) or based on short-term classroom interventions. (Ekborg et al.,
2013; France et al., 2012; Tal & Kedmi, 2006). An exception is a study by Lee
and Yang (2017) that investigated the experiences of two science teachers that
were involved in a collaborative action research project focused on the
implementation of SSI into their teaching. During the project, the teachers and
a university-based researcher collaboratively designed three different SSI-units
that the teachers implemented throughout one school term. The researcher
assisted the teachers by means of providing various teaching recourses and
suggestions for teaching strategies. The authors conclude that a major challenge
for the teachers was to hand over control of learning to the students and abandon
their traditional role as conveyors of scientific knowledge. In line with previous
research the teachers found the management of classroom discussions to be
challenging, but seemed to develop awareness of potential strategies in this area
over the course of the project.
However, longitudinal studies are scarce. There is thus a need for more
research to gain in-depth understanding of teachers’ challenges with the
implementation of SSI-based teaching and to understand how these challenges
can be addressed. Moreover, in studies of SSI-based instruction, researcher
involvement is typically extensive (Sadler, 2011b), as is also the case in the
study by Lee and Yang (2017) described above. Consequently, there is a
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specific need for long-term investigations of teachers’ efforts to implement SSIbased instruction without detailed researcher intervention. There is evidence to
suggest that improvements of practice are possible over time as teachers gain
first-hand teaching experience (Ratcliffe & Millar, 2009; Sadler, 2011b).
Therefore, there is reason to believe that long-term investigations will provide
additional insights into teachers’ challenges with the implementation of SSI.
For example, such investigations can provide knowledge on what challenges
are of an initial character due to teachers’ lack of experience and what
challenges are more persistent. Such knowledge can help identify areas where
additional support for in-service teachers is needed and areas that need to be
addressed in teacher education. In study I of this thesis, two teachers’ reflections
on their classroom practices while they implement SSI throughout a full
academic year are explored. Based on their own interpretations of SSI-based
teaching, they design and enact teaching activities without intentional
researcher interventions in the development and implementation of teaching
activities. The purpose of the study is to add to our understanding of the
challenges teachers may face related to the integration of SSI and to identify
and describe developments that may be stimulated in response to these
challenges.
Moreover, although there are exceptions (e.g. Levinson, 2004) little attention
has been paid to the ways in which teachers’ challenges with SSI-based teaching
play out in classroom practice and how teachers can deal with these. The
teachers’ decisions and actions are still very much shrouded in darkness.
Detailed descriptions of teaching strategies that fit with certain purposes of SSIbased teaching are scarce.
A few studies have addressed specific teaching strategies for dealing with
SSI in the classroom. Dawson and Venville (2010) identified the strategies used
by an Australian science teacher to promote year 10 science students’
argumentation skills in the context of SSI. The students were asked to make
decisions individually on two different cases presented to them in the context
of genetics and these issues were then discussed in whole class. The researchers
describe the teacher’s facilitation of the students’ argumentation by means of
20 different codes elaborated by Simon, Erduran and Osborne (2006) and
associated examples from lesson transcripts. The codes concern, for example,
how the teacher defines an argument, values different positions, checks
evidence, and prompts justification. How the teacher’s facilitation was related
to the students’ utterances is not presented. A study by Mork (2005), on the
other hand, addresses how the teacher’s facilitation relates to the students’
contributions. She makes an analysis of a science teacher’s interventions in a
role-play debate in which 14-15-year-old students were assigned roles of
various stakeholders for or against wolves in Norway. The results of the study
are descriptions of six types of teacher interventions in the debate and the
reasons, i.e. characteristics of the debate, causing them. The teacher’s
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interventions were concerned with, for example, ensuring accuracy with respect
to the content discussed, keeping the debate on track, and involving as many
students as possible in the debate.
These studies provide valuable information on strategies that teachers can
consider when implementing instructional activities to address SSI. However,
the research in this area is still very limited. More research that characterizes
but also problematizes different ways of designing and enacting instructional
activities in relation to certain aims with SSI-based teaching seems urgent, given
that this is a challenge to many teachers. Such knowledge may be useful in
guiding teachers’ decisions on strategies to address SSI in their classrooms. It
has also been argued that to promote teachers’ professional development in
response to educational reform it is important to start from existing practices
and teachers’ knowledge of these practices (Rogan, 2007; van Driel et al., 2001;
Wickman, 2012). It is thus important that existing practices are made visible
and thereby possible to reflect on. Studies II and III of this thesis aim to
elucidate aspects of the teachers’ practices in terms of their design and
enactment of teaching activities involving SSI. In addition, the studies aim to
identify and describe some of the ways in which challenges with SSI-based
teaching play out in classroom practice and how teachers can deal with these.
Specific attention is paid to the classroom discourse, because, as described
above, previous research on SSI-based teaching points to the complexity of
structuring and facilitating discourse-based instructional activities on SSI. In the
next section, tools for analysing classroom discourse that were utilized in this
thesis will be presented, together with the considerations underlying the choices
of these tools.

Tools for analysing classroom discourse utilized in
this thesis
As described above, SSI-based education calls for instructional activities that
involve collaborative discourse in which students have opportunities to consider
both the scientific evidence and social implications relevant to SSI and explore
diverse viewpoints that can be held on an issue. Such instructional activities
offer students opportunities to personally engage with the issues and aim at
preparing and encouraging students to participate in debates and decisions on
SSI. In view of these aims, the analysis of classroom discourse, here defined as
“language in use” (Kelly, 2014, p. 322), seems important. This is because,
through classroom discourse messages are communicated about teacher and
student relationships as well as relationships with the larger society and the
issues under consideration. Messages are also communicated about relevant
perspectives and knowledge, relevant sources of knowledge, and norms and
expectations for participation (Kelly, 2014; Lemke, 1990; Moje, 1997; Roberts
& Östman, 1998). I therefore assume that the analysis of classroom discourse
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can provide valuable knowledge about ways in which teachers’ design and
enactment of instructional activities set conditions for students’ participation in
the SSI classroom and for the consideration of multiple perspectives relevant to
SSI, including the students’ viewpoints. Such knowledge may be useful in
guiding teachers’ decisions on strategies to address SSI in their classrooms.
Wickman (2012) suggests that conceptual schemes, i.e. tools to make sense
of a practice in relation to certain aims, can be useful in the process of making
existing practices visible. Accordingly, I searched the research literature for
conceptual schemes that could be useful for making visible certain aspects of
teachers’ instructional practices in the context of SSI-based teaching relevant to
the aims of SSI-based education. I turned my attention to conceptual schemes
that are consistent with dialogic perspectives on communication and meaning
making, also referred to as dialogism (Linell, 2009). The reason for doing this
was that teaching in which collaborative discourse is emphasized and attention
is paid to diverse perspectives, including students’ viewpoints, can be
considered as being consistent with versions of dialogic teaching advanced
during the last decades (Aguiar Jr & Mortimer, 2013; Alexander, 2008;
Nystrand, 1997). Dialogic teaching draws on dialogic perspectives on
communication and meaning making. It is based on the view that meaningmaking is a dialogic process in the sense that knowledge emerges from the
interaction of multiple explanations and interpretations and the tension between
different, sometimes conflicting, perspectives (Dysthe, 2003; Mortimer &
Scott, 2003; Nystrand, 1997). As described by Alexander (2008):
Dialogic teaching reflects a view that knowledge and
understanding come from testing evidence, analysing ideas and
exploring values, rather than unquestioningly accepting someone
else’s certainties (ibid. p.32).
Accordingly, in dialogic teaching, the teacher purposefully makes use of
dialogic discourse in which diverse perspectives on topics and knowledge
emanating from multiple sources are invited and considered. Specifically,
attentiveness to the knowledge, experiences and viewpoints that the students
bring to the learning situation is emphasized. For example, Nystrand and
colleagues in the field of English and Social studies (Nystrand, 1997; Nystrand,
Wu, Gamoran, Zeiser, & Long, 2003) describe teaching as dialogic when
various ideas are represented and when “teachers treat students as potential
sources of knowledge and opinion” (Nystrand et al., 2003, p. 140). In a similar
way, in the field of mathematics and science O’Connor and Michaels (2007)
describe ideologically dialogic classroom discourse as associated with
“intellectual openness, and possibilities for critique and creative thought” (ibid.
p. 277). Dialogic teaching thus opposes authoritative educational traditions that
are transmissive and wherein the teacher typically controls the content and flow
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of classroom discourse while knowledge is viewed as given, fixed and objective
(Nystrand, 1997).
It has been argued that dialogic teaching is suitable to prepare students for
participation in a democratic society in which public decisions ideally are based
on the negotiation of different viewpoints through dialogue. This is because
dialogic teaching embraces the notion “that there is frequently more than one
perspective on a topic and that it is worthwhile to present and discuss them”
(Wells, 2007b, p. 261). Dialogic teaching thus harmonises with the aims of SSIbased education and there is evidence to suggest that it can promote the
achievement of these aims. Dialogic teaching has been shown to promote
reasoning skills and critical thinking abilities vital to the negotiation of valueladen SSI (Frijters, ten Dam, & Rijlaarsdam, 2008).
In searching the research literature for conceptual schemes that are consistent
with dialogic perspectives on communication and meaning making, which I
thought could be useful for making visible certain aspects of teachers’
instructional practices in the context of SSI-based education, two different tools
caught my attention. Firstly, the concept positioning (Harré & van Lagenhove,
1999) that provides a lens to investigate the ways in which teachers’ interactions
with students can make available or promote different positions for the students,
that is, different parts for the students to play as participants, when dealing with
SSI in the classroom. Secondly, the concept communicative approach as defined
by Mortimer and Scott (2003) that provides a tool to investigate how classroom
discourse in which multiple perspectives relevant to SSI are considered and the
students’ contributions are recognized can be structured and facilitated. Below,
I will provide short descriptions of these concepts and further describe why I
consider these concepts useful in making visible certain aspects of teachers’
instructional practices relevant to the aims of SSI-based education.

The concept positioning
Positioning, as described by Harré and colleagues (Davies & Harré, 1990; Harré
& Moghaddam, 2003; Harré & van Lagenhove, 1999), can be understood as
participants in interactions taking up or being assigned fluid, dynamic parts to
play in relation to different “storylines”, that is, different realms of
interpretation of what is being played out in the specific situation. A storyline
provides a certain space for action in that it makes available certain positions or
parts for the participants to perform. In any situation, a range of storylines are
available for the participants to draw on (Davies & Harré, 1990). The storylines
are often derived from the historical context of a practice and the participants’
experience of that practice (Harré & van Lagenhove, 1999). Consequently, a
repertoire of storylines is often shared by participants in a specific practice, for
example by the teacher and the students in a science class.
A position carries expectations and constraints, as well as responsibilities and
rights. For example, as illustrated by Davies and Harré (1990), if participants
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interpret a storyline being realized in a situation as “medical treatment”, then
nurse and patient become positions associated with that storyline. These
positions carries responsibilities and rights, such as the nurse’s responsibility to
provide care and the patient’s right to be given care. As manifested in this
example, positions are co-constructed by the participants through the
assignment of “partially different and complementary rights and commitments”
(Linell & Marková, 1993, p. 178). Positioning is thus a dialogic process and
positions reflect relationships. When somebody involved in a conversation
positions him- or herself, he or she simultaneously positions the other and viceversa (Davies & Harré, 1990; Harré & Moghaddam, 2003; Harré & van
Lagenhove, 1999).
Because positions are always relational, teachers position students through
teaching and thereby influence students’ access to certain spaces for action. For
example, a teacher might enact a storyline that invites or discourages student
contributions and thereby shape students’ access to certain spaces for action,
such as participation in classroom discussions. Moreover, a teacher can enact a
storyline that makes available or restrains certain spaces of action for the
students in societal discussions and decision-making on SSI. When
implementing SSI-based teaching, it therefore seems important to consider how
different storylines make available different positions for the students, that is,
different parts for the students to play, both in the classroom practice and in
relation to the issues under consideration. These positions can then be
considered in relation to certain aims of SSI-based education, such as preparing
and empowering students for taking part in debates and decision-making on SSI.

Teachers’ communicative approaches
From the perspective of dialogism, all discourse is inherently dialogic in nature.
As described by Wertsch (1991), each utterance “responds in some way to
previous utterances and anticipates the responses of other, succeeding ones;
when it is understood, an utterance comes into contact with the ‘counter word’
of those who hear it” (ibid. p. 53). However, while dialogism stresses that all
discourse is inherently dialogic, discourses differ in their “openness to counter
positions” (Wells, 2007b, p. 255). Bakhtin (1935, pp. 342-346) distinguished
between authoritative and internally persuasive discourse. In authoritative
discourse, meaning is not negotiable. Such discourse, for example religious
dogma or acknowledged scientific truths, demands acceptance. In internally
persuasive discourse, on the other hand, meaning is negotiable (Mortimer &
Scott, 2003; Wells, 2007b; Wertsch, 1991). It implies that such discourse is
open to alternative perspectives and interpretations. As elaborated by Linell
(2009), using a different terminology, a discourse can be univocal and
authoritarian in the sense of trying to “express one and only one perspective on
its topic” and trying to “impose on the addressee only one possible way of
understanding and, above all, only one option of responding” (ibid. p. 168). On
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the other hand, a discourse can be multi-voiced and dialogical, in the sense of
being open to several perspectives and interpretations. It can be open to “a wider
range of responses, leaving to the addressee to choose more or less freely his
understanding or responsive action, and perhaps to introduce his or her own
alien, deviant ideas” (ibid. p. 168). It is important to note that discourses can be
either univocal or multi-voiced regardless of the number of participants taking
part. For example, a single-authored text or a lecture can be dialogic in terms of
presenting or making use of multiple opinions and perspectives (Linell, 2009).
Research concerned with dialogic teaching has primarily addressed
relationships between features of classroom discourse and students’
participation and learning outcomes. Its primary concern has been to make room
for the knowledge, experiences and viewpoints that the students bring to the
learning situation. A crucial issue that has gained less attention is how to balance
this aim with the aim of addressing the disciplinary content specified in the
curriculum. However, in the field of science education, the comprehensive
research program by Eduardo Mortimer, Phil Scott and colleagues (see for
example: Mortimer, 1998; Mortimer & Scott, 2003; Scott, Ametller, Mortimer,
& Emberton, 2010; Scott, Mortimer, & Aguiar, 2006) has thoroughly explored
this issue. It has made use of Bakhtin’s distinction between authoritative and
internally persuasive discourse to characterize teacher-student interactions with
respect to how different ideas are invited and taken into account. Mortimer and
Scott (2003) have designed a framework for analysing teacher-student
interactions in which they make a distinction between dialogic and authoritative
classroom discourse. In dialogic discourse, according to their definition, a range
of ideas are taken into account and explored. Authoritative discourse, on the
other hand, focuses attention on one specific point of view, which implies that
different ideas are not considered. These two forms of classroom discourse can
be considered as two extremes of a continuum. Moreover, their framework
points out that both dialogic and authoritative classroom discourse can be either
interactive (speakers are taking turns) or non-interactive (speakers are not
taking turns, i.e. one person, typically the teacher, speaks for a long time). The
resulting framework thus consists of four communicative approaches that can
be utilized to characterize teacher-student interactions (see Table 1).
Empirical investigations suggest that efficient teaching implies moving back
and forth between dialogic and authoritative classroom discourse to align with
different teaching purposes (Mortimer, 1998; Mortimer & Scott, 2003;
Nystrand, 1997; Scott & Ametller, 2007; Scott et al., 2006). Teachers thus need
to consider their choices of communicative approaches in relation to the
educational aims to be pursued.

40

non-interactive

interactive

Table 1. Communicative approaches, from Mortimer and Scott (2003)

dialogic
Interactive/dialogic:
The teacher and the students are
taking turns. A range of ideas
are taken into account and
explored.

authoritative
Interactive/authoritative:
The teacher and the students are
taking turns. Attention is focused
on one specific point of view.

Non-interactive/dialogic:
The teacher and the students are
not taking turns. A range of
ideas are taken into account and
explored.

Non-interactive/authoritative:
The teacher and the students are not
taking turns. Attention is focused
on one specific point of view.

With regard to the teaching of scientific concepts Mortimer and Scott (2003)
have demonstrated that dialogic discourse fits with the purpose of engaging
students with the content and exploring the students’ everyday ideas about
concepts. In contrast, authoritative discourse fits with the purpose of introducing
and focusing on the “scientific story”, for example the scientific meaning of
concepts. In this context, the classroom discourse is characterized by a “pressure
towards univocality” (Mortimer, 1998, p. 79), because “much of what is
currently taught in school [science] constitutes a robust body of knowledge”
(Scott et al., 2010, p. 289). That is, the overall aim of teaching is to establish a
shared understanding of the authoritative discourse of science. Accordingly, in
this context, dialogic discourse mainly implies openness to and exploration of
students’ prior understandings and experiences of the scientific phenomena
under consideration, that is, a “dialogue between scientific and everyday
discourses” (Mortimer, 1998, p. 80).
Classroom studies reported by Mortimer and Scott (2003) and Scott and
Ametller (2007) demonstrate that classroom discourse often follows a rhythm
in which the teacher first explores the students’ ideas through an
interactive/dialogic communicative approach. Then the teacher works on
certain aspects of the content “through shaping, selecting and marking ideas”
(Mortimer & Scott, 2003, p. 69), thus shifting to an interactive/authoritative
communicative approach. Finally, the teacher summarizes key points and
review progress through a non-interactive/authoritative communicative
approach before turning attention to the next step in the “development of the
scientific story” (ibid. p. 69). In other words, dialogic discourse calls for
subsequent authoritative interventions to clarify the scientific point of view
(Scott & Ametller, 2007). It has been argued that such classroom practices are
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actually not dialogic in the sense of valuing the exploration of different and
diverging voices as an end in itself. Instead, such classroom practices can be
regarded as dialectic, because their objective is to collaboratively overcome
differences in order to reach a shared understanding (Wegerif, 2008), in this
case a shared understanding of the authoritative discourse of science.
Dealing with SSI differs in significant ways from teaching authoritative
science content. Because SSI are cross-disciplinary, unsettled, and often
contentious, multiple perspectives are involved in the negotiation of such issues.
It is also possible to arrive at different conclusions regarding how to deal with
a certain issue. Thus, dealing with SSI in the classroom provides opportunities
for discourse that is dialogic not only with respect to the inclusion of students’
ideas but also with respect to considering diverse knowledge, values, and
viewpoints emanating from various individuals, groups, or disciplines.
Moreover, in SSI-based education the exploration of diverse perspectives can
be regarded as an end in itself. Such classroom practices are thus dialogic with
respect to both means and ends. However, because previous research suggests
that efficient teaching implies moving back and forth between dialogic and
authoritative classroom discourse to align with different teaching purposes
(Mortimer, 1998; Mortimer & Scott, 2003; Nystrand, 1997; Scott & Ametller,
2007; Scott et al., 2006), it is important to consider the choices of
communicative approaches in relation to the aims that are foregrounded in each
specific instructional activity. I therefore assume that making visible existing
practices in terms of teachers’ use of different communicative approaches and
scrutinizing these practices in relation to aims relevant to SSI-based education
can provide knowledge that is useful in designing and enacting SSI-based
teaching activities.
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STUDY CONTEXT AND
PARTICIPANTS
The studies that are included in this thesis are part of a larger research project
involving several researchers, concerned with the exploration of different
features of both teaching and learning activities in the context of SSI. The
setting of the project was a public upper secondary school with approximately
900 students in a small Swedish city. The project was situated in the first year
of the Social Science Programme within the subject Science Studies, which is
compulsory for all non-science bound students in the Swedish upper secondary
school. Two male upper secondary school science teachers participated in the
project. The teachers’ participation was voluntary. Out of their own interest,
they were involved in integrating SSI as core elements in their classroom
practices, with feed-back provided by a university-based mentor. Both teachers
have a teaching degree in natural sciences and work at the same school. At the
beginning of the research project in the autumn term 2011, the teachers had
three (teacher A) and ten (teacher B) years of teaching experience, respectively.
Before the start of this research project, the two teachers had participated in a
university course for in-service science teachers on the use of SSI in science
education.
Four of the teachers’ classes, that is, 126 students in total, at the Social
Science Programme, which is preparatory for higher education, participated in
different parts of the project. The classes comprised both boys and girls and the
students were considered to be of mixed ability4. They were 15-16 years old in
the beginning of the school year during which they participated in the project.
Below, a more detailed presentation of Science Studies will be provided,
followed by a description of the university course for in-service teachers. In
addition, the teachers’ overall aims with their teaching and with participating in
Students from numerous compulsory schools in the province attend the school. At the time of the
study, all students that were qualified for studies at the upper secondary level were admitted to the
Social Science Programme.
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the research project and their views on the place of SSI in science education will
be described. Finally, a description of the overarching aims of the project, as
expressed by the mentor that provided feed-back to the teachers will be
provided.

Science studies
For students at the Social Science Programme, “Science Studies 1b” is a
compulsory course that comprises about 90 hours of instructional time. The
main content is based on current issues of interdisciplinary character with links
to science (Skolverket, 2011a). The course covers aspects of sustainable
development, human sexuality and relationships, individual health and lifestyle,
and biotechnology and its implications. The syllabus (Skolverket, 2011b) states
that the course “should lead to students developing an understanding of how
scientific knowledge can be used in both professional life and everyday
situations, and enabling students to make personal choices and form their
views” (ibid. p. 1). Furthermore, the students should be given opportunities to
develop “Knowledge of how science is organized and how it can be critically
examined and used for critical examination” (ibid. p. 1). By taking part in
discussions on societal issues related to science, students should also get
opportunities to “develop their scientific knowledge to be able to meet,
understand and influence their own contemporary conditions” (ibid. p. 1).
While the students’ development of the ability to use knowledge of science
to deal with contemporary science-related issues is the most prominent aim of
the course, the importance of considering multiple perspectives while dealing
with such issues is evident in the listing of the content to be covered. For
example, the syllabus (Skolverket, 2011b) states that the course should cover
“Different aspects of sustainable development such as consumption, allocation
of resources, human rights and gender equality” and “ethical perspectives on
the potential of biotechnology and its implications for human evolution and
biodiversity” (ibid. p. 9). What is more, the students’ development of reasoning
and argumentation skills is not stated explicitly as an aim of the course.
However, in the knowledge requirements it is stated that to pass the student
should be able to “discuss issues with scientific content of importance to the
individual and society” (ibid. p. 9). In addition, students should be able to “give
some examples of conceivable standpoints or alternative courses of action, and
give /…/ supporting arguments” (ibid. p. 10). From this, it can be concluded
that the course should provide opportunities for students to develop and practice
reasoning skills.
Based on the formulations in the syllabus, it can be concluded that the aims
of Science Studies are that students gain knowledge that is necessary for dealing
with issues that they are likely to encounter as citizens, in which science plays
a role. In other words, the aims of Science Studies can be characterized as
primarily reflecting Vision II of scientific literacy. However, as regards the
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implementation of the course in terms of teaching and assessment practices,
teachers in Sweden are free to organize their work and choose teaching methods
as they find appropriate. There is no substantial list of detailed concepts to be
covered. Instead, the content is briefly described through formulations like
“Teaching in the course should cover the following core content: /…/ Cells and
the smallest units of life as a basis for discussions on genetic engineering and
other current research areas” (Skolverket, 2011b, p. 9). However, one important
condition stated in the curriculum for the upper secondary school in Sweden is
that teaching should be neutral and that teachers are obliged to “openly discuss
and together with the students analyse different values, views and problems, and
the consequences of these” (Skolverket, 2013, p. 11).
In Sweden standardized tests are only performed in a small number of
courses in the upper secondary school. In Science Studies, standardized tests
are not performed. It is thus very much up to the teachers to individually or
together with colleagues interpret and implement the intentions of the syllabus,
why it is reasonable to believe that different teachers will make different choices
regarding which aspects should be emphasized or downplayed.

The university course for in-service science teachers on the use
of SSI in science education
In the academic year 2010-11, the two teachers that participated in this research
project had participated in a 15 ECTS5 university course for in-service science
teachers on the use of SSI in science education. An experienced educational
researcher and teacher educator, Mats Lindahl, taught the university course. He
had contacted teachers from three different schools in the region and presented
the course to them. A total of six teachers at the participating teachers’ school
decided to take the course. At this time, they were in the process of reflecting
on the revised national curriculum for the upper secondary school, which was
to be implemented in Sweden in the autumn term 2011. They were interested in
learning more about SSI as a means to promote students’ development of
personal standpoints on societal issues with scientific content, because they
interpreted this as an important aim of the revised syllabus.
The university course covered aspects of using SSI as contexts for science
teaching to promote students’ development of scientific literacy. SSI were
defined as dilemmas that arise through the possibility of using scientific
knowledge in society. The construct scientific literacy was problematized and
curricular documents and teaching materials were examined in relation to
Vision I and Vision II notions of scientific literacy. The primary source of
course literature was “The role of moral reasoning on socioscientific issues and
discourse in science education” (Zeidler, 2003). The course included planning
and implementation of SSI-based teaching activities in accordance with the
5

European Credit Transfer and Accumulation System; one academic year corresponds to 60 ECTS.
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syllabus for the subject Science Studies, based on the teachers’ own needs and
ideas. The implementation was followed by joint analysis of video-recordings
of teaching activities6 and discussions of problems addressed by the teachers in
order to further develop the teaching. At the end of the course, the teachers
performed individual action research projects in which they: formulated a
question or a problem in relation to their teaching; analysed the current situation
in relation to goals with their teaching based on, for example, observations;
made some change to their teaching and analysed its effects; and made
suggestions for further development.

The teachers and their teaching during the course of the project
After having finished the university course, teachers A and B were interested in
integrating SSI as core elements into their science teaching. They were therefore
invited to participate in the research project, of which the studies that are
included in this thesis are a part. According to the teachers’ interpretation, the
integration of SSI was in keeping with the goals of the syllabus for Science
Studies. The mentor conducted semi-structured interviews with the teachers in
the beginning of the first year of the project. Both teachers expressed that they
wanted to develop their teaching so that the students become more active and
independent in the learning activities, for example by making use of discourse
based activities such as discussions and debates, which the teachers did not have
much experience with. In addition, they wanted to promote the students’
abilities to use scientific knowledge to make decisions concerning problems in
society. Teacher A emphasized the importance of students coming to
understand the complexity of issues and being able to consider an issue from
multiple perspectives. He further expressed that he wanted science teaching to
be personally relevant to the students and ultimately
try to make them realize that this is what society looks like today
and you’ll participate in making decisions, like, should we, should
we allow anything when it comes to gene technology or not? It’ll
be very much up to you.
Teacher B stressed the importance of “using reality as a starting point” and the
overarching goal with his teaching was that the students “come to see the role
they play /…/ in all the environmental work that has to be done in the world”.
Even though these answers provide a rather superficial understanding of the
teachers’ orientations to science teaching, they provide some important clues.
Both teachers seem to be concerned about connecting science content to societal
issues of relevance to the students. This goal can belong to both Vision I and
Vision II of scientific literacy. However, teacher B emphasized that “reality”
serves as an appropriate starting point for science education. This view can be
6

The teachers made recordings of their own teaching.
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considered more closely related to Vision II than Vision I. Teacher A
emphasized the importance of considering multiple perspectives on issues,
which I also consider related to Vision II. Moreover, both teachers seem to aim
at preparing students for active citizenship. These overarching goals for
teaching can be placed somewhere towards the “hot end” of the continuum
describing objectives with SSI education (Simonneaux, 2014).
During the course of the research project, the two teachers implemented
themes relating to sustainable development, biotechnology, health and lifestyle,
and sexuality and relationships. These themes were typically dealt with for
several weeks and constituted the main part of the teaching in accordance with
the syllabus. Social or ethical implications were addressed in some way within
the themes, although not in every lesson. The teaching activities were diverse
and could involve lectures, written assignments, project work, and different
kinds of discourse-based activities, mainly open-ended discussions and debates.
There were both group work and individual assignments.
To give a sense of what the themes could be like, I provide two examples,
one from teacher A and one from teacher B. In the area of sustainable
development, teacher A implemented a unit in which the students wrote
individual essays in which they considered pros and cons of different energy
sources. Before introducing the task, the teacher presented different aspects of
sustainable development, that is, ecologic, social and economic aspects. He also
introduced the idea that sustainable development can be considered at different
levels, that is, global, local or individual levels. In their work, the students could
consult school textbooks, printed material provided by the teacher, and sources
on the internet. The students worked with the task for about four weeks. At two
occasions, they worked in pairs and peer-reviewed each other’s essays. As the
final instructional activity, after the students had finished their assignments, the
teacher urged the students to discuss, first in group and then in whole class, the
question: Why is progress, in terms of the transition to renewable energy
sources, so slow? The discussion functioned to elucidate the complexity of the
issue of energy production and consumption, for example the interests of
different stakeholders.
In the area of biotechnology, teacher B gave lectures that provided an
overview of how the knowledge about heredity and evolution has developed
through history and about recent developments in gene technology. He then
implemented a unit in which the students worked in groups to produce oral
presentations about different topics such as cloning, gene transfer technology or
stem cell research by consulting textbooks, printed material provided by the
teacher and internet resources. The presentations should include an explanation
of the principles underlying the specific technology as well as ethical
perspectives relevant to the topic. During the presentation the students were
supposed to involve the rest of the class, the audience, in some way. Most
groups involved the audience by asking them to discuss questions about right
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or wrong or to agree or disagree with statements that were related to ethical
perspectives on the issues.
Important elements of the SSI framework are included in the units described
above. For example, both units deal with issues with connections to science that
have social implications and the issues are considered from different
perspectives. In different ways, diverse points of view (either the students’
different viewpoints or those of different stakeholders) that can be held on
certain issues are elucidated. In the unit as a whole, some of the relevant
knowledge was introduced on a need-to-know basis, but the teachers also used
lectures to introduce knowledge that they seemed to consider important, more
in line with a traditional Vision I approach.

The mentor
During the first year of the teachers’ efforts to integrate SSI into their teaching,
the university-based educational researcher functioned as their mentor. He met
with the teachers regularly throughout the school year to provide support to
them while they worked to develop their teaching. These meetings also provided
data for study I in this thesis. Further details on the meetings will be provided
in the next section.
In the beginning of the project, I conducted an interview with the mentor
regarding his views on the aims of SSI-based teaching and the purpose of the
project with respect to the teachers. The mentor expressed that the aims of the
project was that “the teachers develop their ability to teach science using SSI”
on their own terms. According to his interpretation, SSI-based teaching can
provide a means to promote the students’ personal development in the sense
that
they can feel that ‘I want this or I’m against this or’ and know why
they are and then if they know that they can then take the next step
‘therefore I want to do something about it in this way and I know
how to do that’
SSI-based teaching can thus provide students with opportunities to form their
personal standpoints and to see their own capabilities for taking action on issues
of relevance to them. In addition, the mentor described that it can provide
opportunities for students to be exposed to and get an understanding of diverse
standpoints on current science-related societal issues. As regards teaching
practices, he described that, ideally, issues relevant to the students serve as
starting points and that the relevant science content is introduced on a need-toknow basis.
The mentor’s description can be interpreted as representing an approach to
SSI-based teaching that can be placed somewhere towards the “hot end” of the
continuum describing objectives with SSI education (Simonneaux, 2014) with
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an emphasis on promoting and encouraging engaged citizenship. However, it
does not explicitly include involving students in action projects as part of their
educational experience.
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METHOD
In this chapter, a description of the research process and the methods employed
in the process of collecting and analysing data is provided. Important
considerations underlying the choices made along the way are also presented.

The research process
The overarching purpose of this thesis is to provide knowledge to support the
integration of SSI into science education. The different studies aim to provide
additional insights into teachers’ challenges with implementing SSI into science
teaching and to identify and describe ways in which they can be addressed.
Moreover, the studies aim to provide knowledge useful in guiding decisions on
the design and enactment of teaching activities involving SSI. The specific aims
of the different studies undertaken in this thesis were elaborated through an
iterative process (see Figure 2). The initial exploration of the teachers’
experiences in study I provided directions for further literature review to inform
the investigations of classroom practice in study II. Specifically, the results from
study I directed my interest towards investigating aspects of teacher-student
interactions that are relevant to the advancement of classroom practices that are
student-centred in the sense of promoting students’ active participation and
recognizing their perspectives. Then, the results from studies I and II taken
together provided further direction for study III. They directed my attention to
the complex task for the teacher to balance the advancement of student-centred
classroom practices with the pursuit of predefined learning goals, such as the
consideration of multiple perspectives relevant to SSI.
The specific aims of the studies are as follows:
 Study I aims at adding to our understanding of the challenges teachers
may face related to the integration of SSI. Moreover, it aims at identifying
and describing developments that can be stimulated in response to these
challenges.
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Study II aims at providing knowledge of the ways in which teachers’
interactions with students can make available or promote different
positions for the students, that is, different parts for the students to play as
participants, when dealing with SSI in the classroom. The concept
positioning as defined by van Langenhove and Harré (1999) is introduced
as a lens to analyse classroom discourse in this respect.
Study III aims at providing knowledge significant for the design and
enactment of classroom discussions on SSI. The concept communicative
approach as defined by Mortimer and Scott (2003) is used as an analytical
tool to investigate how teachers can make use of different communicative
approaches for different teaching purposes relevant to SSI-based teaching.

Figure 2. The process of elaborating aims for the different studies. The arrow pointing
from study I to study II illustrates that the findings from study I provided directions for the
investigations of classroom practice performed in study II. The arrows pointing from
studies I and II to study III illustrate that the findings from studies I and II provided
directions for study III.

The data material
The data for the different studies that form a part of this thesis consists of
classroom recordings (study II and III) and recordings of video-stimulated
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discussions with the teachers (study I), that is, discussions around extracts of
video-recordings from observed lessons.
As regards the classroom recordings, they were performed as part of a larger
research project involving several researchers, concerned with the exploration
of different features of both teaching and student learning in classrooms where
teachers have knowledge on the use of SSI. Within this project, the participating
teachers’ classrooms were visited two to four times a month throughout two
consecutive school years. Data was collected in naturalistic classroom settings
with the objective to capture a large variety of instructional activities as well as
different subject areas within the Science Studies course. The data collection
process was flexible because, during the school year, circumstances change and
the teachers may have to change their planning of the course in response to this.
It is therefore not possible to determine far in advance when certain teaching
and learning activities will occur why continuous dialogue took place between
teachers and researchers concerning classroom visits and recordings. For the
purpose of study II and III of this thesis, classroom recordings were selected
from this larger data set based on the aims of each study.
As regards the video-stimulated discussions that provided data for study I,
they were arranged every sixth to eighth week, on a total of six occasions, during
the first year of the research project.
An overview of the data that is analysed in the different studies in this thesis
is provided in Table 2. In the following section, further details on the methods
for data collection are provided.

Data collection methods
Classroom recordings
Both video- and audio-recordings were performed as part of the larger research
project of which the studies in this thesis are a part. The video-recordings were
mainly performed to capture the teacher’s interactions with the whole class.
Two video cameras were utilized in the classroom. One of them was directed
towards the teacher. The other one was placed in such a way that it gave an
overview of the classroom. This camera thus captured both the teacher’s and
the students’ actions in the classroom. When audio-recordings were performed,
these served sometimes to capture the teacher’s interactions with student groups
or individual students. On these occasions, the teacher wore a digital recorder
attached to a ribbon around his neck. On other occasions, the audio-recordings
served to capture student group discussions as well as the teacher’s interactions
with the student groups. In these instances, one digital recorder for each student
group was utilized. These were placed on the benches where the students were
seated.
The recordings aimed at capturing classroom discourse under naturalistic
conditions as far as this is possible. There researchers thus avoided intentional
interventions in the classroom activities even though the presence of a
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researcher and the situation of being recorded inevitably affect the activities
under observation in some way, a process called reactivity (Robson, 2011b).
However, the fact that the same researchers (either me, or the teachers’ mentor)
visited the classrooms regularly is assumed to have reduced reactivity, because
it enabled the teachers and the students to get used to the situation of being
recorded. Prolonged involvement is recommended to reduce reactivity (Robson,
2011b) and it was the researchers’ impression that after a couple of visits, both
the teachers and the students seemed at ease with being recorded and having a
researcher present in the classroom.
Table 2. Overview of data analysed in the different studies

Study
I

Study
II

Study
III

Data analysed

Participants

Subject area

Date of data
collection
1 November 2011
9 December 2011
17 February 2012
5 April 2012
1 June 2012
10 August 2012
30 November 2011
2 December 2011

Videorecordings of
videostimulated
discussions
(16 h 30 min)
Audiorecordings of
teacher-student
interactions
(7 h 8 min)
Audio- and
videorecordings of
teacher-student
interactions
(3 h 18 min)

Teachers A
and B

Different subject
areas addressed
during the school
year

Teacher B,
Class 1

Climate change

Teacher A,
Class 2
Teacher A,
Class 3
Teacher B,
Class 4
Teacher B,
Class 4

Prenatal diagnosis

27 January 2012

The Swedish wolf
population
Gene technology

14 November 2012

Sexuality and
relationships

1 March 2013

10 January 2013

Video-stimulated discussions
As aforementioned, video-stimulated discussions, that is, discussions on
extracts of video-recordings from observed lessons were arranged with the
teachers every sixth to eighth week during the first year of the project. On these
occasions, the teachers met with the mentor to share their reflections on their
efforts to integrate SSI into classroom practice and the outcomes of these
efforts. The starting point for the discussions was the teachers’ reflections on
the video extracts, along with perceived problems or other thoughts that the
teachers had written down after lessons.
Video-recordings from classrooms have been shown to stimulate reflective
discussions among teachers (Borko, Jacobs, Eiteljorg, & Pittman, 2008). They
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can also be utilized as a means to elicit teachers’ perspectives to gain a picture
of their professional development (Cutrim Schmid, 2011). In this study, the
video-recordings also served the purpose of strengthening the congruity
between the teachers’ expressed reflections and their enacted classroom
practices (Lyle, 2003), because it has been reported that there are often
inconsistencies between teachers’ expressed beliefs and their enactment of ideas
in the classroom (van Driel et al., 2001).
The video-extracts derived from the set of recordings that was collected
within the larger research project. They were carefully selected from this
collection by the teachers’ mentor to cover different instructional activities, for
example when the teachers introduced a new topic, led whole class discussions,
or guided student groups. The extracts were not chosen to point out particular
problems that the mentor possibly identified. Before each meeting, the teachers
watched the selected video clips individually and wrote comments in order to
prepare for the discussions. During the discussions, the teachers also had many
opportunities to spontaneously address any issues they considered important.
The mentor functioned as a facilitator for the discussions. For example, he could
ask the teachers to reflect on existing instructional practices by comments like:
“One thing that I’m thinking about/…/ You tell the students ‘Now you should
consider this’. What do you think will happen then?” Such questions provided
impetus for the teachers to consider the reasons underlying their chosen
approaches and to consider alternative approaches. It was assumed that such
considerations provide an important prerequisite for development of existing
practices.
Moreover, the mentor sometimes made suggestions for practice for the
teachers to consider, as illustrated by the following two excerpts.
Mentor: One thing that I think might be valuable is to give them
[the students] the chance to tell the others what a good idea they
have come up with /…/ because my general observation is that
their activity is rather low and their ability, so to speak, is not
really made visible. [meeting 1, 2011-11-01]
Here, the mentor addresses the significance of creating space for the students’
contributions. In another meeting during which the mentor addressed the
question of how to promote the students’ ownership of learning activities he
expressed that
Mentor: I also believe that it is very good to see in the short term
like ok now we do this now we do that /…/ but in the longer term
they need to be able to think a little longer than one week at a time.
[meeting 3, 2012-02-17]
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Here, the mentor addresses the importance of providing opportunities for the
students to plan their work as a way of promoting their independence as
learners.
Such suggestions for practice can provide important stimulus for
development. However, at the same time there is the risk of such suggestions
put forward by a university-based educational researcher being perceived by the
teachers as directions to follow, which will potentially restrain their sense of
ownership as regards the development of their teaching. Nevertheless, the
mentor’s facilitation of the discussion was considered important in providing
support for the teachers in keeping with the intentions to integrate SSI into their
classroom practices despite challenges faced along the way.
A detailed account of the issues addressed by the mentor in the different
meetings is provided in article I.

Analytical procedure
Selection of data for the different studies
As regards study I, all the six video-recorded video-stimulated discussions were
used in the analysis to cover the entire first year of the teachers’ efforts to
integrate SSI in their teaching.
For the purpose of study II and study III, classroom recordings were selected
from the set of recordings collected as part of the larger research project, based
on the aims of each study. During the data collection process, the main features
of all the classroom recordings performed were gradually compiled in a
document. The specific features noted were: the subject area of the lesson or
sequence of lessons; the date of the recordings; the participants; the main
instructional activities recorded, for example, teacher introduction, student
group discussions etc.; the type of recordings (audio or video); and the duration
of the recordings. In total, the data set comprises recordings from 82 lessons or
parts of lessons, 41 from each year of the project.
For study II, audio recordings from two consecutive lessons with teacher B,
that formed a part of a unit on climate change, were selected for analysis. The
students were assigned the task of designing societies that were adapted to the
potential future consequences of climate change. They should also make
decisions on how to reduce the net carbon dioxide emissions of the societies to
zero. The recordings comprise the discourse of six different student groups,
including their interactions with the teacher, and they were chosen because this
unit was the students’ first experience of working with SSI. It was assumed that
positions would be negotiated in the classroom due to this new educational
experience and that this would offer opportunities to investigate how a teacher
can deal with the challenges that this entails. The particular sequence of lessons
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was chosen due to the large proportion of teacher-student conversations during
these lessons, compared to the other lessons within the unit.
For study III, audio- and video-recordings from four lessons (two with
teacher A and two with teacher B) were selected for analysis, out of 22 recorded
lessons7 that included some kind of classroom discussion, broadly defined as an
instructional activity implemented explicitly to provide “an opportunity for
students to express their understanding and ideas to other students” (Ratcliffe
& Grace, 2003, p. 67). The recordings comprise the teacher–whole class
interactions (video-recordings) and the discourse of different student groups
(audio-recordings) including their interactions with the teacher during the
lessons.
The decision to analyse only a small number of discussions was based on the
limited time available for the study. The four lessons were selected so as to
provide as large a variation in the data material as possible, specifically with
respect to the themes for the discussions. This was because previous research
indicates that different content requires different types of teacher interventions
because some subject areas are more demanding than others for students to learn
(Mortimer & Scott, 2003). It was therefore assumed that different subject areas
may require different types of teacher interventions, for example because the
students have more personal experiences or viewpoints in relation to some
issues than others. Different subject areas were therefore considered to
contribute to a large variety in the teachers’ discursive practice. If several
discussions were performed within the same unit covering a certain subject area,
the first one was chosen for analysis based on the assumption that this lesson
would include information about the theme and purpose of the discussion that
would facilitate interpretation.

Transcription and translation
While accurate and detailed transcripts are essential in order to present a
trustworthy analysis of spoken discourse, transcription is an extremely time
consuming task. Considerations on the procedures of transcription thus have to
be made based on the level of detail required to present a trustworthy analysis
and the time available for the research project. To make these considerations, I
found the recommendation by Mercer (2004) useful. He argues that
“Transcription choices should be determined by the research questions being
addressed and the claims which will be made on the basis of the analysis” (ibid.
p. 147). In the studies undertaken in this thesis, the analyses were primarily
centred on the content of the discourse (e.g. the number of voices represented)
and on word choices and grammar (e.g. choice of pronouns, the use of active or
passive voice), that is, on the verbal component of the discourse. Therefore,
verbatim transcripts in which prosodic or non-verbal features of the interaction
Of these, two recordings were of poor quality with respect to the sound, why these were considered
difficult to analyse properly. Thus, there remained 20 discussions to choose from.

7
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were not included were considered sufficient to start with for performing the
analyses. Such transcripts were produced by listening usually only once to the
recordings, divided into short pieces by frequently pausing the playback.
During the process of analysis, the possibility to return to the recordings and
listen to or watch segments were frequently used. By listening, or watching,
prosodic and, if possible, non-verbal features of the interaction facilitated
interpretation of utterances. For the final presentation of the results of the
analyses, the transcripts of the excerpts that were included in papers I-III were
refined by repeatedly listening to the recordings, with the aim to present the
participants’ wordings as accurately as possible. In these excerpts, stress is
sometimes indicated, if it is considered important in order to facilitate the
reader’s understanding of my interpretations of utterances.
The final excerpts of the transcripts that are presented in papers I-III, were
translated from Swedish to English as literally as possible. However, minor
modifications were considered necessary, because some expressions that are
used in spoken, colloquial Swedish do not have equivalents in English.
Sometimes, literal translations were also considered to misrepresent the actual
meaning of an utterance. Punctuation marks have been added to enhance
readability. Digressions that are judged irrelevant for the purpose of the analyses
have been omitted. The following markings are used in the final excerpts: /…/
indicates that a part of the transcript is omitted; [note between square brackets]
indicates a clarification made by the researchers; underlined words indicates
stress; and … indicates interruption of speech.

Analysis of the transcripts of the teachers’ video-stimulated
discussions (study I)
The analysis of the teachers’ video-stimulated discussions aimed at extending
our understanding of the challenges teachers may face related to the integration
of SSI. Moreover, it aimed at identifying and describing developments that may
be stimulated in response to such challenges. The analysis was performed in
two steps.
In the first step of the analysis, I, jointly with the second author of article I,
preliminarily identified developments in the teachers’ reflections on their
classroom practices. This was done through thematic coding analysis (Robson,
2011a). The analysis centred on important features of SSI-based education,
proposed in the research literature (Specifically, the following articles were
reviewed: Barrett & Pedretti, 2006; Levinson, 2006; Ratcliffe & Grace, 2003;
Sadler, 2009; Saunders & Rennie, 2013; Zeidler et al., 2011; Zeidler & Keefer,
2003; Zeidler et al., 2005). Broadly, the literature proposes that SSI-based
education ought to provide the students with opportunities to jointly explore
diverse perspectives on issues of relevance to them. Discourse-based activities
in which students can make use of their personal experiences and viewpoints
are advocated. Because of the open-ended character of such activities, explicit
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learning goals shared by teachers and students are emphasized. The teachers’
own objectives, as expressed in the semi-structured interviews performed in the
beginning of the first year of the project, largely coincide with these features.
Therefore, it was considered appropriate to define developments in the teachers’
reflections as progress towards the abovementioned features of SSI-based
education.
The second step of the analysis, performed by me, served the purpose of
identifying challenges that the teachers faced. The teachers’ reflections were
grouped into the following categories: goals (students’ actions and students’
learning); design (selecting, sequencing, and organizing content, tasks,
activities, and resources); and enactment (teacher behaviour) of teaching
activities (Clough et al., 2009; Ratcliffe & Grace, 2003). In order to investigate
how the teachers’ reflections on design and enactment of teaching activities
were related to the goals of these activities, the framework for teacher decisionmaking presented by Clough, Berg, and Olson (2009) was used (see Figure 1).
To illustrate the analytical process, I present two short excerpts from the
teachers’ discussions with comments on the analysis.
Excerpt 1:
Because the thing is that scientific solutions or problems have
societal consequences, so it’s like helping them to see the
connection and that’s not easy, but then I think that as a facilitator
I have to support them in that in different ways, but in the right
way so that I don’t say: “This is the way it is”.
Here, “helping them to see the connection” was interpreted as reflecting the goal
that the students come to understand the interrelationship between science and
society. A second goal, namely to promote the students’ independent reasoning,
is reflected by the teacher contrasting acting as a facilitator (Enactment) with
direct instruction in which he tells the students “This is the way it is”
(Enactment), which he does not seem to think is an appropriate approach.
Excerpt 2:
I’m supposed to say enough for them to understand the task, but I
shouldn’t tell them the answer. /…/ I want them to understand the
task so that they do it the right way, the way I’ve imagined, so that
they know what I’m after.
The teacher saying that he wants the students to carry out the task “the right
way” and to “know what I’m after” was interpreted as reflecting the goal that
the students should perform particular activities to reach pre-specified learning
outcomes. This goal seems to have implications for the teacher’s decisions
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regarding his enactment of instructional activities. He needs “to say enough” to
control that the students pursue these goals.
In sum, the different goals expressed in these and other excerpts, were
interpreted as reflecting two overarching goals, namely to promote students’
independence as learners and facilitate for students to reach pre-specified
learning goals. These goals seem to have contradicting implications for the
teachers’ decisions regarding the enactment of instructional activities (see
Figure 3). On the one hand, the teacher ought to avoid direct instruction. On the
other hand, the teacher needs to control the students’ activities and learning
outcomes. In the final reporting of the results of the analysis, this was described
as “Challenges as a result of conflicting aims”.

Figure 3. Illustration of the analysis in study I. Overarching goals with contradicting
implications with respect to the enactment of instructional activities.

Analyses of classroom recordings (studies II and III)
The analyses of the classroom recordings focused on aspects of the teachers’
discursive practices and aimed at providing knowledge in different areas related
to SSI-based teaching. First, they aimed at providing knowledge of the ways in
which teachers’ interactions with students can make available or promote
different positions for the students, that is, different parts for the students to play
as participants, when dealing with SSI in the classroom (study II). Second, they
aimed at providing knowledge significant for the advancement of classroom
practices suitable for considering multiple perspectives and specifically
recognizing the students’ contributions in the context of SSI (study III). To
achieve the different aims of studies II and III, different analytical frameworks
were employed.
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Study II
In study II, the concept positioning (Harré & van Lagenhove, 1999) was
introduced as a tool to analyse classroom discourse on SSI. As aforementioned,
a position carries expectations and constraints, as well as responsibilities and
rights. Positioning through talk is accomplished through, for example, the use
of personal pronouns, use of the active or passive voice, and whether a person
is talked about as an agent or an object of an action, that is, if things are done
by a person or to a person (Wood & Kroger, 2000). Moreover, the way teachers
deal with the students’ contributions to classroom discourse influences the
students’ access to certain spaces for action, such as participation in classroom
discourse. For example, a teacher might enact a storyline that invites and
recognizes the value of student contributions. The teacher can accomplish this
through, for example, allowing students’ contributions to modify the course of
the interactions in some way (Nystrand, 1997). The teacher can incorporate
students’ ideas into subsequent discussions and elaborate on new perspectives
put forward by a student. In this way, the students are positioned as legitimate
contributors to classroom discourse.
The first step of the analysis focused on how the teacher positioned the
students and how they positioned themselves as participants in the classroom
practice. Attention was paid to whether the students or the teacher were talked
about as agents of actions in the classroom. Inferences were made about
presumed rights and responsibilities for the teacher and the students to
preliminarily identify and define student positions. To illustrate the process of
analysis, a short excerpt is provided below with comments on the researchers’
interpretation. This excerpt derives from a conversation between the teacher and
a student group in which the students ask for more information about what will
be the specific consequences of a two-degree rise in the Earth’s temperature.
The teacher does not answer their question. Instead, he asks the students what
they know about the potential consequences. They suggest that the sea water
level will rise two meters.
Excerpt 3:
Teacher: Two? Have you looked it up?
Student: No, I just guessed.
Teacher: There you have… How have you learned to deal with
this kind of new circumstances? /…/ If you don’t know the
consequences, isn’t it important to look it up?
In the analysis, this was interpreted as the students (you8) being talked about as
agents responsible for finding relevant information. A preliminary student
position was defined as: responsible for finding relevant information.
8

In Swedish ”ni”, which is the plural form of the pronoun you.
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Furthermore, all instances in which a student contributed something new to
the conversation were identified. The ways in which the teacher dealt with such
contributions were examined to identify how the students were positioned as
contributors to classroom discourse.
The second step of the analysis focused on how the students were positioned
by the teacher and how they positioned themselves in relation to the issue under
consideration, namely the issue of anthropogenic climate change, that is, how
the students claimed or were offered different parts to play in relation to the
issue. All passages of the teacher-student interactions that concerned climate
change were analysed. Attention was paid to: pronoun use; the use of active or
passive voice; and whether the students, the teacher, experts, politicians or
others were talked about as agents or objects of actions related to the issue of
climate change (Wood & Kroger, 2000). Inferences were made about students’
rights and responsibilities, to preliminarily identify and define student positions.
All the tentative positions identified in the first and second step of the
analysis were subsequently analysed inductively. Commonalities or
distinguishing features, such as claimed or assigned rights and responsibilities,
were explored in order to identify final themes (Robson, 2011b, pp. 474-488),
that is, how the students were positioned by the teacher or positioned themselves
in different ways. For example, the preliminary student position responsible for
finding relevant information was included in the position students as
independent learners that constituted a final theme that was presented in the
results section.
Study III
In study III, the concept of communicative approach as defined by Mortimer
and Scott (2003) was used as an analytical tool to investigate how the teachers
invited, presented and elaborated different perspectives when interacting with
the students during lessons involving classroom discussions. According to
Mortimer and Scott’s definition, classroom discourse is dialogic when a range
of ideas, specifically students’ ideas about the content, are taken into account
and explored. However, as described previously, dealing with SSI in the
classroom implies opportunities for discourse that is dialogic not only with
respect to the inclusion of students’ ideas but also with respect to being open to
various disciplines, interpretations of evidence, sources of knowledge, and
potential solutions. In the present study, the concept voice (Linell, 2009;
Wertsch, 1991) was utilized to encompass the variety of perspectives, both
personal and tied to a specific discipline that can be taken into account in
classroom discourse on SSI. Accordingly, dialogic classroom discourse was
defined as classroom discourse in which various voices are considered, for
example, different opinions, values, interests, and interpretations of evidence
emanating from various individuals, groups, or disciplines. In contrast,
authoritative discourse implies that different voices are not taken into account.
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Upon initial efforts to make use of the framework in the analysis of the
classroom discourse, segments of discourse were identified in which different
voices were taken into account while the teachers’ purpose appeared to be to
focus attention on one specific point of view. In such segments, the discourse
could be characterized as holding both dialogic and authoritative features,
according to the definitions above. To be able to perform a more fine-grained
analysis, I searched the literature and found the distinction between the
voicedness and the coerciveness of discourse, described by Linell (2009),
useful. The feature voicedness concerns whether several voices or only one
voice on a topic is expressed. The feature coerciveness concerns whether the
discourse is open for different ways of understanding or “tries to impose on the
addressee only one possible way of understanding” (ibid. p.168). Based on these
distinctions, discourse can thus be multi-voiced, in the sense that it allows for
several voices to be expressed, while being authoritarian, in the sense that it
tries to impose a specific understanding. Accordingly, in this study a dialogicwith-fixed-end approach was defined in which there is space for different voices
to be represented while attention is focused on one specific point of view. In
Table 3, the final definitions employed in study III to categorize the teachers’
communicative approaches are provided.
Table 3. Definitions of communicative approaches employed in the analysis in study III

Non-interactive (NI)

Interactive (I)

Dialogic (D)

1The
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I/D:
The teacher and the
students are taking
turns; various
voices are
represented and
taken into account
NI/D:
The teacher and the
students are not
taking turns;
various voices are
represented and
taken into account

Dialogic-with-fixedend (DF)
I/DF:
The teacher and the
students are taking
turns; various voices
are represented but
attention is focused on
one specific point of
view

Authoritative (A)

NI/DF1:
The teacher and the
students are not taking
turns; various voices are
represented but attention is focused on one
specific point of view

NI/A:
The teacher and the
students are not taking
turns; various voices are
not taken into account
and attention is focused
on one voice

I/A:
The teacher and the
students are taking turns;
various voices are not
taken into account and
attention is focused on
one specific point of
view

NI/DF communicative approach was not identified in the data.

The communicative approaches used by the teachers throughout all teaching
activities related to the discussions were coded using the definitions in Table 3.
After coding, interpretations were made regarding what functions in relation to
the discussions the different communicative approaches served. Furthermore,
shifts between communicative approaches following and preceding I/D
segments of discourse in which there were space for the students’ voices were
analysed in order to try to identify a rhythm or pattern in the shifts. The purpose
was to identify the place of these I/D segments in the overall discussion. This
was followed by a detailed examination of the I/D segments in order to find out
how they were either sustained or disrupted.

Ethical considerations
In the studies undertaken in this thesis, the teachers and the instructional
activities taking place in their classrooms are objects of my research. This
means that I have been the one defining the research questions addressed. In
doing so, an important point of departure has been that having the opportunity
to study the teachers and their students in different situations entails a
responsibility for making sure that the research questions asked are important
to answer (Vetenskapsrådet, 2011). Accordingly, by reviewing the research
literature I have made an effort to identify areas where the research undertaken
in thesis can contribute with knowledge important both for practice and for the
research field. I have also paid attention to challenges faced by the teachers
during the course of the project and let these provide directions for further
analyses that can possibly provide knowledge of how teachers can deal with
such challenges (see Figure 2). This has been a way of trying to ensure that the
studies “address, and attempt to answer, the questions and concerns of teachers”
(Abell & Lederman, 2007, p. xiii).
Besides being the one defining the research questions, I have also been the
one primarily responsible for constructing the claims that are reported. In doing
this, I have strived not to evaluate the teachers’ practices as either good or bad.
Instead, I have strived to focus on certain ways of designing or enacting
instructional activities and discuss potential merits and problems with these in
relation to certain aims with SSI-based education.
As regards the students, they were invited to participate in the research
project in accordance with Swedish ethical guidelines for social science
research (Vetenskapsrådet, 2011). Before the start of the data collection process,
the researchers visited the classes and informed the students about the overall
purpose of the research. The students were informed that it was possible for
them to decline to participate or withdraw from the study at any time. Moreover,
they were informed that the collected data would only be used for the purpose
of research. During these visits, the students had opportunities to ask questions
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about the research project. Written approvals were then obtained from all of the
students and their parents.
In total, one student declined to participate in the study. During the data
collection process, arrangements were made to ensure that this student was not
recorded. The group that the particular student was a part of was not audio
recorded and the video recordings did not capture this student. During all
classroom visits to make recordings, the researchers clearly announced when
the recording started and checked that the students were comfortable with it. On
one occasion, this resulted in one student who had accepted to participate in the
study declining to be recorded this particular lesson. During this lesson, the
group that this student was part of was not audio recorded.
All the data collected within this research project has been stored in password
protected hard drives or server compartments. In the final reporting of the
studies, the participants are given aliases to preserve their confidentiality.
However, there is always a risk that individuals are recognizable to people
within the setting in which the research took place, but I made the judgment that
this would not cause any harm to the individuals, because no explicit evaluation
of their accomplishments was presented. A drawback with confidentiality is that
the participants, particularly the teachers who have put in a lot of effort and time
in the project, do not get any public credit for this. Nevertheless, confidentiality
was considered a more important condition in the reporting because the
researchers did not discuss with the participants in advance the possibility of
making their names public.

64

RESEARCH RESULTS
The overarching aim of this thesis is to provide knowledge that can support the
integration of SSI into science education. This was approached by means of
three different studies that aimed at providing additional insights into teachers’
challenges with implementing SSI into science teaching and to identify and
describe ways in which they can be addressed. Moreover, they aimed to provide
knowledge useful in guiding decisions on the design and enactment of teaching
activities involving SSI. Study I was aimed at identifying and describing major
challenges for the teachers as well as developments that can be stimulated in
response to these challenges. Studies II and III aimed to elucidate the teachers’
practices in terms of features of their design and enactment of teaching activities
involving SSI and to identify and describe benefits and limitations with these
practices in relation to certain aims with integrating SSI into science education.
Moreover, studies II and III aimed to provide knowledge about how teachers’
challenges in relation to SSI-based teaching can play out in classroom practice
and how teachers can deal with these. The main results of each study are
presented below.

Study I: Challenges faced by teachers
implementing socio-scientific issues as core
elements in their classroom practices
This was a yearlong research study that makes use of video-stimulated
discussions to investigate the two teachers’ reflections on their classroom
practices while they implement SSI into their teaching.
The results of the study provide insights into developments that can be
stimulated in response to challenges related to the integration of SSI into
classroom practice. Moreover, the results provide insights into challenges that
can be more persistent in relation to the establishment of dialogic classroom
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practices in which attention is paid to diverse perspectives, including students’
personal viewpoints, and in which social interactions are emphasized.
Developments that were stimulated in response to challenges related to
the integration of SSI into classroom practice
The results indicate that the teachers increased their awareness of the
importance of supporting students’ active participation in learning activities and
their independence as learners. This manifested in two different ways as
described below.
First, the problem of the limited number of students actively participating in
classroom discussions was noticed by the teachers as a considerable challenge
to the advancement of dialogic classroom practices. In response to this, the
teachers proposed a number of strategies to support students in participating and
sharing their knowledge and perspectives. As regards the design of instructional
activities involving discussion, the teachers suggested that providing students
with relevant background knowledge and time for preparation, alongside
dealing with content relevant to the students, would encourage students to
participate. They also suggested that the students’ contributions could be
collected in written form so that the teacher could make them available to the
class. As regards the enactment of instructional activities involving discussions,
the teachers emphasized the importance of facilitating the students personally
relating to the issue under consideration. Moreover, they emphasized the
importance of demonstrating the value of the students’ contributions to
discussions on SSI, for example by elaborating on new perspectives brought
forward by the students.
Second, an additional problem reported by the teachers was a tendency of the
students to turn to the teacher for answers instead of trying to reach their own
conclusions. The teachers suggested using guiding questions, in contrast to
direct instruction, as a tool to encourage students to reach their own conclusions
and ultimately enhance their independence as learners.
Persistent challenges related to the integration of SSI into classroom
practice
The implementation of SSI-based instruction placed new demands on the
teachers and the students because of new learning goals associated with
considering multiple perspectives on issues. This brought about challenges that
the teachers addressed in the sense of the students showing difficulties with
meeting the new demands or questioning new methods. However, there were
no signs in the discussions that could indicate that the teachers developed new
strategies to deal with these challenges over the course of the school year.
A recurrent element in the teachers’ discussions was that “The students are
caught in old habits.” According to the teachers, the students were used to
reproducing content knowledge. This resulted in the students having difficulties

66

meeting the new demands in relation to the learning goals, such as considering
different perspectives on an issue. The teachers described that they had to put a
lot of effort in facilitating the students overcoming these difficulties.
Furthermore, the students sometimes questioned new methods, aimed at
negotiating dilemmas in relation to SSI and exploring different perspectives. In
their discussions, the teachers expressed two different ways of dealing with the
students’ resistance. Either they deviated from their intention to implement new
methods or they relied on the curriculum to justify teaching and assessment
methods to the students. The teachers also emphasized the significance of
discussing learning goals with students, in order to have them shift their focus
towards the pursuit of new learning goals. However, the teachers addressed the
meaningful unpacking of learning goals as a major challenge.
Moreover, the results suggest that a major challenge for the teachers was to
balance the advancement of student-centred classroom practices with the
pursuit of predefined learning goals. Specifically, the teachers emphasized their
responsibility for ensuring that students acquire basic science content
knowledge. They also expressed difficulties to anticipate students’ prior
knowledge, as well as the knowledge students need in order to be able to deal
with a particular SSI. The teachers therefore sometimes suggested prioritizing
conveying a predefined body of content to all students over exploring
knowledge and values in the context of a SSI. However, from the discussions it
emerged that the teachers occasionally experienced that the use of a SSI as a
point of departure for learning activities made the students’ knowledge visible
to them.

Study II: Students’ positioning in the classroom: a
study of teacher-student interactions in a
socioscientific issue context
In this study, the concept positioning (Harré & van Lagenhove, 1999) was used
as a lens to analyse transcripts of verbal interactions between teacher B and six
student groups, recorded during two lessons. The transcripts were analysed with
respect to how the teacher positioned the students and how they positioned
themselves as participants in the classroom practice and in relation to the SSI
under consideration. The results provide knowledge of the ways in which
teachers’ interactions with students can make available or promote different
positions for the students, that is, different parts for the students to play as
participants, when dealing with SSI in the classroom.
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Students’ positions as participants in the classroom practice
The teacher-student interactions made available contrasting positions for the
students as participants in the classroom practice. These contrasting positions
are summarized in Table 4 below.
Table 4. Students’ positions as participants in the classroom practice
Independent learners
The students are responsible for acquiring
information and reaching conclusions
Contributors
The students’ personal perspectives are
recognized and new dimensions that the
students bring forward are incorporated
into the classroom discourse

Dependent on the teacher
The teacher directs the students’ work
Recipients
The teacher provides explanations and
conveys information

On the one hand, the teacher positioned the students as independent learners in
terms of being responsible for acquiring relevant information and trying to
arrive at their own conclusions. When the students asked the teacher to make
decisions for them, the teacher did not meet their request but encouraged them
to reach conclusions based on relevant information they acquired on their own.
Further, the teacher positioned the students as significant contributors to
classroom discourse. The teacher recognized the students’ personal perspectives
on the issue by changing the focus of the conversation in response to their
concerns. He also incorporated into the classroom discourse new dimensions of
the issue that the students brought forward.
On the other hand, the teacher positioned the students as dependent on the
teacher and as recipients. For example, the teacher directed the students’ work
by using instructional questions. The teacher provided explanations and
conveyed information when the students requested or when he seemed to find
it necessary.
As regards the students, they sometimes challenged being positioned as
independent learners by positioning the teacher as responsible for conveying
knowledge. They seemed more comfortable with being positioned as dependent
on the teacher, because there was no evidence that they challenged this position.
Students’ positions in relation to the issue under consideration
The teacher-student interactions made available contrasting positions, that is,
contrasting parts for the students to play, in relation to climate change that was
the issue under consideration. On the one hand, the teacher positioned himself
and the students as members of society who share the responsibilities and
concerns related to the causes and consequences of climate change. On the other
hand, the students were not positioned as participants in public debate and
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decision-making in relation to climate change. Instead, the students were
positioned as spectators to debate and decision-making on climate change while
politicians and experts were positioned by both the teacher and some students
as agents responsible for taking action.

Study III: The interplay between dialogic and
authoritative classroom discourse: a study of
teachers’ discursive practices when dealing with
classroom discussions on socioscientific issues
In this study, different aspects of the two teachers’ discursive practices during
lessons involving open-ended discussions were analysed. The concept
communicative approach, as defined by Mortimer and Scott (2003), was
utilized as an analytical tool. The study provides knowledge significant for the
advancement of dialogic classroom practices in which multiple perspectives on
an issue, including the students’ contributions, are considered. First, the results
show how teachers can make use of different communicative approaches for
different teaching purposes related to classroom discussions on SSI. Second, the
results show ways in which the recognition of the students’ contributions to the
discussions can be promoted.
The teachers’ use of different communicative approaches
In preparing for the discussions, the teachers employed NI/A or NI/D
communicative approaches, that is, they gave lectures, to present background
knowledge about the issue under consideration. The lectures were occasionally
interrupted by I/D segments of discourse that functioned to elucidate the
students’ prior knowledge or experiences in a certain area or by I/A segments
that functioned to review knowledge that the students were supposed to be
familiar with.
In initiating the discussions, the teachers employed NI/D or I/D
communicative approaches. They invited the students’ viewpoints or
hypotheses through genuine questions (Scott et al., 2006), i.e. questions to
which the teacher does not know the answer and that are asked in order to elicit
the students’ thinking and experiences.
In facilitating the discussions, the teachers alternated between I/D, NI/D, I/A
and I/DF communicative approaches. The teachers employed an I/D
communicative approach to elicit and introduce different voices, for example
by inviting the students to share their thoughts and by encouraging the students
to consider additional perspectives not yet addressed in the discussion.
Additional perspectives were also occasionally introduced through short
lectures, i.e. by means of a NI/D communicative approach. The I/A
communicative approach was employed by the teachers when they provided
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explanations in response to students’ questions. The I/DF communicative
approach in which the teachers took account of the students’ contributions while
specifically drawing attention to the line between right and wrong or conflicts
of interest served to elucidate a dilemma or controversy underlying an issue.
In summarizing the discussions, the teachers made use of an I/D
communicative approach to assemble students’ contributions. The NI/D
communicative approach was employed to make use of the students’
contributions by comparing and contrasting, in order to elucidate controversy
or to build further instruction on them and, finally, to recapitulate different
voices that had been represented in the discussion.
Promotion or impediment of the recognition of the students’
contributions to the discussions
In the examination of the shifts between communicative approaches in terms of
communicative approaches preceding and following I/D segments of discourse,
no rhythm or pattern was identified in this limited data material. However, the
detailed examination of the I/D segments of discourse in which there were space
for the students’ voices made it possible to identify ways in which the
recognition of the students’ contributions was promoted or impeded.
Two different ways for teachers to recognize the students’ contributions to
discussions were identified. First, the teachers sometimes made use of the
students’ contributions expressed in everyday language as a starting point to
introduce scientific terminology by means of single authoritative utterances.
Second, a strategy for building further instruction on the students’ contributions
was identified, in which the teacher structured the discussion so that the
students’ ideas in the first part of the discussion was the focus of a subsequent
discussion in which the students’ contributions were once again invited.
A way to impede the recognition of the students’ contributions that was
identified was when a teacher invited the students’ voices through a genuine
question but subsequently provided a suggestion as to how the question could
be answered. This functioned to terminate dialogic interaction.
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DISCUSSION
Methodological discussion
As in any research project, the results of this thesis are influenced by a multitude
of choices made by the researcher and by the researcher’s interpretations. In this
section I will discuss limitations of the findings of this thesis in relation to, first,
selection of participants and data to analyse and, second, in relation to methods
for data collection and analysis. Finally, I will discuss the trustworthiness of the
results.
Participation in this research project required a significant time and effort
from the teachers. It was therefore considered necessary that the participating
teachers had a genuine interest in participating in the project. Two teachers
expressed interest and the studies undertaken investigate the reflections of these
specific teachers and their design and enactment of specific instructional
activities taking place in specific classrooms. The results are thus unique to the
particular settings studied. Nevertheless, I argue that the results can be relevant
to other settings. Even though the teachers in this study are unique, some of the
challenges they faced were similar to those that have previously been reported
in studies that address teachers’ challenges with implementing SSI-based
teaching. It is therefore reasonable to believe that these teachers do not represent
an “atypical” case and that the insights gained from studying their experiences
and classroom practices could inform practice in other settings. To make it
possible for the reader to determine the extent to which the findings from this
thesis are transferable to other settings, I have strived to provide as detailed a
description as possible of the participants and the setting of this thesis (Miles &
Huberman, 1994). Research colleagues outside the project have read the
description and pointed out ambiguities, which I have made efforts to clarify to
improve the description. However, the research colleagues as well as I operate
in a Swedish context, why it is possible that things that are specific to the
Swedish context are clear to us but not to others working outside this context.
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Only a small part of all the collected data available from the larger research
project was analysed in this thesis. For study II, the choice to analyse recordings
from a SSI-unit on climate change that was the students’ first experience with
working with SSI was based on the assumption that positions would be
negotiated in the classroom due to this educational experience. This, in turn,
was assumed to offer opportunities to investigate how a teacher can deal with
the challenges that this entails. This selection of data limits the possibilities to,
for example, identify potential developments of teaching strategies over time or
to identify positions that can be made available to students in relation to other
issues than climate change. Nevertheless, the results from study II provide
knowledge of ways in which teachers’ interactions with students can make
available or promote different positions for the students in the SSI classroom
and show how teachers’ challenges with SSI-based teaching can play out in
classroom practice, which was the purpose of the study. For study III, four
lessons were selected so as to provide a large variation in the data material,
specifically with respect to the themes for the discussions. It was assumed that
different subject areas may require different types of teacher interventions, for
example because the students have more personal experiences or viewpoints in
relation to some issues than others. Despite the selection of different SSI, the
selection is still very limited. Probably, analyses of additional data would have
enhanced the knowledge of how teachers can make use of different
communicative approaches for different teaching purposes related to classroom
discussions on SSI. Moreover, analyses of separate lessons do not make it
possible to identify ways in which the recognition of the students’ contributions
to the discussions can be promoted over sequences of lessons. Nevertheless, the
purpose of study III was achieved because the results show how teachers can
make use of different communicative approaches for different teaching
purposes related to classroom discussions on SSI. Moreover, ways in which the
recognition of the students’ contributions to the discussions can be promoted
was identified.
In study I, the starting point for the video-stimulated discussions between the
teachers and their mentor was the teachers’ reflections on extracts of videorecordings from their classrooms, alongside written records of problems that the
teachers had faced during lessons. Thus, it was the teachers’ concerns that were
the focus of the discussions that were analysed. However, the issues addressed
by the mentor in the discussions (see paper I), through the questions he asked
and the suggestions for practice he made, may have influenced what challenges
and developments were foregrounded in the discussions. Moreover, the teachers
may have avoided to talk about certain challenges for some reasons. I therefore
do not claim that the results of study I provide a complete account of the
teachers’ experiences with the implementation of SSI, all the challenges they
faced and all the strategies they developed to deal with these challenges.
Nevertheless, the challenges that are presented were raised by the teachers in
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the discussions and the strategies to deal with these challenges were proposed
by the teachers. The results thus point out some challenging areas where
teachers can be in need of support when implementing SSI-based teaching and
some ways of addressing the challenges.
Lemke (2012) points out that “All analysis is reductive. Information from the
original data is discarded in the process of foregrounding the features of
interest” (ibid. p. 1472). The purpose of selected analytical tools is to help the
researcher to pay attention to and analyse the meaning of certain features of the
classroom practice. This implies neglecting other features that would perhaps
come to the fore by applying other tools, leading to other insights. The use of
the concepts positioning and communicative approaches as analytical tools in
this thesis made it possible to make visible how some of the teachers’ challenges
with implementing SSI-based instruction played out in the classroom practice
and ways in which the teachers potentially dealt with these. Even though other
analytical approaches may have rendered other valuable insights, the analytical
tools employed in this thesis can thus be considered to have contributed to
provide insights useful for guiding decisions on the design and enactment of
SSI-based teaching.
The quality of the analyses performed as part of a qualitative study rely on
the researchers’ interpretations of data and on their analytical skills. Miles and
Huberman (1994) describe a number of strategies that researchers can utilize to
enhance the trustworthiness of the results of a qualitative study. Drawing on
these, interpretations of excerpts of discourse were discussed among the authors
of the different studies as well as among research colleagues at faculty seminars
to enhance the trustworthiness of the results. Moreover, to make it possible for
the reader to judge the quality of the analyses, I have strived to provide as
detailed as possible a description of the methods used for analysis and to
demonstrate how conclusions were reached by including excerpts of transcripts
and describing my interpretations of these (Miles & Huberman, 1994).
However, a drawback with the descriptions presented is that they provide only
a partial representation of all the information I had available for making
interpretations of the meaning of utterances. The prosodic and non-verbal
aspects of interaction that I had access to through the audio- or video-recordings
are regularly not presented to the reader. Providing the reader with such details
would enhance the reader’s possibilities for judging the quality of the analyses
(Wells, 2007a). The choice not to do so was based primarily on time constraints
but also on the assumption that such detailed transcripts would perhaps limit
readability for prospective readers in the field of science education.

Discussion of the results
The studies undertaken in this thesis set out to provide knowledge to support
the integration of SSI into science education. They aimed at extending our
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understanding of teachers’ challenges with SSI-based instruction and to identify
and describe ways in which these can be addressed. Moreover, they aimed to
provide knowledge useful in making considerations about the design and
enactment of teaching activities involving SSI.
The integration of SSI into science education aims to promote students’
scientific literacy according to Vision II and ultimately to prepare and
encourage students to take part in debates and decision-making on SSI. In view
of these overarching goals, the students’ development of science knowledge and
critical thinking skills and their understanding of the complexity of SSI need to
be supported. Moreover, students need opportunities to practice negotiations of
SSI and they need to be encouraged to develop a sense that their viewpoints on
the issues matter. With respect to the content of teaching, this implies that the
teaching activities need to provide the students with opportunities to explore
multiple perspectives and diverse viewpoints in relation to the issues. With
respect to the students’ participation in the classroom, it means that the teaching
need to encourage students to engage in discussion and decision-making on SSI.
With this as a starting point, the teacher then has to make numerous
considerations with respect to the goals to be foregrounded in each specific
teaching activity and the design and enactment of teaching activities (Clough et
al., 2009; Ratcliffe & Grace, 2003).
The first part of the discussion concerns the content of teaching, namely the
consideration of multiple perspectives and diverse viewpoints on issues. The
second part of the discussion is concerned with aspects of teaching relevant to
encouraging students to engage in discussions and decision-making on SSI.
Finally, knowledge that can guide decisions on the design and enactment of
teaching to balance the promotion of different educational goals will be
presented, because this seems to be a significant challenge with SSI-based
teaching.

Promoting the consideration of multiple perspectives and
diverse viewpoints on issues
Students’ recognition of SSI as complex issues that need to be examined from
multiple perspectives is a worthwhile outcome of SSI-based instruction (Sadler
et al., 2007). It is therefore essential that the students get opportunities to
consider the scientific evidence alongside, for example, social and ethical
implications of different courses of action relevant to the issue. It is also
essential that they are encouraged to explore diverse viewpoints that can be held
on an issue and the reasons underlying such viewpoints.
The results from this thesis indicate that the teachers placed great emphasis
on the students’ development of science content knowledge (study I). This result
is in line with previous research that indicates that many science teachers view
their professional responsibility as primarily to focus on established science
content (Aikenhead, 2006; Levinson & Turner, 2001; Tidemand & Nielsen,
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2017). Conveying science content knowledge to the students prior to addressing
SSI can be understood as a way of coping with uncertainty. The results indicate
that the teachers were uncertain about the range of students’ prior knowledge.
They were also uncertain as regards the level of scientific knowledge that
students need in order to be able to successfully deal with a particular SSI.
Sometimes the teachers assumed that the students had insufficient prior
knowledge to be able to understand and negotiate SSI. These results are not
unexpected because students’ lack of sufficient content knowledge has earlier
been reported as a concern for teachers in relation to SSI-based education
(Ekborg et al., 2013; Tidemand & Nielsen, 2017). The teachers’ beliefs about
their students and the teachers’ knowledge of their students, or in this case lack
thereof, thus seemed to influence their considerations of appropriate
instructional strategies. As a way of taking responsibility for students’ learning
of science content, the teachers suggested that the instructional activities could
be designed so that a body of science content was conveyed to all students
before dealing with a SSI (study I).
The strategy to convey science content knowledge to the students prior to
addressing SSI can be considered as reflecting a Vision I approach to science
teaching in two different ways. First, it implies that the teacher remains in
control of the science content introduced. This differs from what may be the
case if science content relevant to a certain issue is introduced strictly on a needto-know basis in line with Vision II. In this case the science content involved is
more unpredictable (Robottom, 2012). Second, it is targeted towards ensuring
that the students are prepared to deal with the science relevant to a SSI. This can
be interpreted as science being given priority over other perspectives when
dealing with SSI. This stands in contrast to Vision II where it is recognized that
other perspectives, for example social and ethical implications of different
courses of action, may be equally important.
Nevertheless, the results show that the teachers were also working to include
elements of Vision II into their teaching. They seemed to be concerned about
students’ difficulties with considering different perspectives on an issue (study
I) which indicates that they perceived students’ recognition of the complexity
of SSI as an important educational goal. They also employed strategies, both in
their design and enactment of instructional activities, that were targeted towards
addressing multiple perspectives on issues and elucidating the complexity of
SSI (study III). Still, the teachers’ concerns with controlling the science content
introduced and the priority given to science in their considerations of
appropriate ways of designing teaching activities indicate that they were trying
to add these elements of Vision II to existing teaching practices that rely on a
tradition that is oriented towards Vision I. This means that they did not discard
Vision I in favour of Vision II which would imply a completely different
starting point for teaching.
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Many attempts to reform teaching are based on the idea that teachers should
implement innovation in ways corresponding to the intentions of curriculum
developers, which means that teachers’ existing practices and beliefs are not
taken into account. Such attempts have often failed and it has therefore been
argued that to promote development of teaching in response to educational
reform ideas it is important to start from existing practices and support teachers
in incorporating new methods little by little (Rogan, 2007; van Driel et al., 2001;
Wickman, 2012). As aforementioned, previous research has shown that existing
practices are often characterized by teachers’ sense of responsibility to primarily
convey science content knowledge (Aikenhead, 2006; Levinson & Turner,
2001; Tidemand & Nielsen, 2017). The results from this thesis shows that this
may also be the case for teachers who are committed to address SSI in their
teaching. Consequently, in aiming to promote the integration of SSI into science
education it may be inappropriate to strictly adhere to an extreme view of Vision
II and propose that instructional activities have to start from societal issues and
then reach into science to find knowledge relevant to understand and make
decisions on the issues. Such an approach is proposed by Sadler (2011b) who
argues that “It is important to feature the issue early in the instructional
sequence so that it can serve as a true context for science learning” (ibid. p 363).
This implies a completely different starting point for teaching, compared to
Vision I, which may make it difficult for teachers to build on and develop their
existing practices. Rather, it seems more important that teachers develop
strategies that enable them to utilize the potential of addressing multiple
perspectives on issues whenever they choose to implement some kind of
teaching activities involving SSI, so that the issues do not simply serve to
contextualize specific science knowledge. In that way, each instructional
activity involving SSI will provide an opportunity to promote students’
understanding of the complexity of SSI, which is a worthwhile outcome of
dealing with SSI in science education. Moreover, in that way it is possible that
the activities involving SSI become positive teaching experiences. Such
positive experiences can function as an incentive for teachers to gradually take
further steps towards translating Vision II into practice (Pajares, 1992).
The results from the analysis of the teachers’ discursive practices during
lessons involving classroom discussions on SSI (study III) give some
suggestions about strategies that enable teachers to utilize the potential to
address multiple perspectives on issues. Such strategies can involve using a
NI/D communicative approach to introduce diverse perspectives on an SSI
before initiating a discussion on the issue. This is something that teachers can
plan for in the design of instructional activities. Moreover, such strategies can
involve being responsive to opportunities that arise during the course of a
discussion to introduce additional perspectives that the students have not yet
addressed. This is perhaps more difficult to plan for in advance, although a
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deliberate teaching strategy can be to look for opportunities to add further
perspectives when possible during the enactment of instructional activities.
The results indicate that also the students placed emphasis on developing
science content knowledge and had the idea that the teacher’s main
responsibility was to focus on this specific goal (studies I and II). One reason
for this may be that the learning goals of the SSI units were not clear to the
students. If instruction involving SSI is new to the students and the learning
goals are not clear to them, it is reasonable to expect that they will draw on their
previous experiences of science education to figure out what they are expected
to learn. Because contemporary science education is largely influenced by
Vision I, it is likely that such previous experiences involve a focus on science
content knowledge. This assumption is supported by research that indicates that
students tend to perceive that school science is about science content
knowledge. This is therefore something that they are accustomed to and feel
safe with (Ideland & Malmberg, 2012). In order to have the students shift their
focus towards the pursuit of new learning goals, the teachers emphasized the
significance of discussing learning goals with students. The importance of
communicating learning goals and discussing these in relation to the curriculum
is also emphasized by Ratcliffe and Grace (2003). Given that a variety of
learning goals related to science knowledge and critical thinking can be
foregrounded in SSI-based instructional activities, the teachers’ suggestion
seems crucial. However, the teachers addressed the meaningful unpacking of
learning goals as a major challenge (study I). This challenge is possibly related
to science teachers’ challenges with assessing the complex skills involved in
decision-making on SSI, reported in previous studies (Aikenhead, 2006;
Levinson & Turner, 2001; Tidemand & Nielsen, 2017). Learning goals that are
not explicit are probably difficult to assess. This seems to be an area in which
teachers need considerable support in order to facilitate the students’ pursuit of
new learning goals relevant to SSI-based education. Such support can be
provided in the form of teaching materials with clearly stated goals, which
educational researchers have made efforts to elaborate (Ekborg et al., 2016;
Zeidler & Kahn, 2014). However, previous studies suggest that teaching
materials are not sufficient. For example, the teachers in the study by Ekborg et
al. (2013) had access to a teacher’s guide including specified goals related to
aspects of the curriculum. In spite of this, the results indicate that most of them
did not assess the students’ achievements during the SSI-related activities “as
thoroughly as they normally do” (ibid. p. 613). Consequently, it seems like the
unpacking and communication of learning goals also need to be emphasized in
in-service and pre-service teacher education.
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Encouraging students to engage in discussion and decisionmaking on SSI
To prepare and encourage students for participation in discussion and decisionmaking on SSI students need opportunities to practice negotiating SSI. This
means that they need to be encouraged to take active part and share their
perspectives in such activities in the classroom. Students need to be encouraged
to develop a sense that their viewpoints on the issues matter.
As emerged from the teachers’ discussions (study I), all students are not
inclined to engage in discussion and share their ideas in classroom discourse.
This result is in line with what has been reported in other studies (Day & Bryce,
2011; France et al., 2012). In view of this, strategies to encourage the students’
participation are needed. Such strategies can involve, first, facilitating and
promoting students’ participation so that they feel prepared and inclined to
participate, and, second, recognizing the students’ contributions to classroom
discourse when they choose to participate.
According to the teachers (study I), strategies to facilitate and promote the
students’ participation can be to deal with content that is relevant to the students,
to provide time for preparation, and to provide background knowledge on the
issues. The results from the analysis of the teachers’ discursive practices during
lessons involving discussions (study III) show that one way for the teachers to
do this was to prepare for discussions by presenting diverse perspectives on an
issue and presenting and reviewing relevant content knowledge. Moreover,
strategies to facilitate and promote the students’ participation can involve
managing classroom discourse in ways that help students make connections
between the issue under consideration and their lives (study I). The results from
the analysis of teacher-student interactions (study II) illustrate ways in which
one of the teachers accomplished this in his interactions with the students. The
teacher positioned himself and the students as members of society who share
the responsibilities and concerns related to the causes and consequences of
climate change. This is an example of a strategy “to help students envision the
connections that exist between more global issues and themselves” (Sadler,
2004a, p. 531) which have been suggested as a way of making SSI more
accessible to the students (ibid.). Positioning the students as members of society
and not just as prospective citizens can also be considered important in relation
to the goal of encouraging students to take part in debates and decision-making
on SSI in life outside school.
A strategy to recognize the students’ contributions to classroom discourse,
that is, to position the students as significant contributors to classroom
discourse, is to elaborate on perspectives that the students bring forward
(Nystrand, 1997). This strategy was also proposed by the teachers (study I) and
the results from the analysis of the teachers’ discursive practices provide some
suggestions as regards how this specific strategy can be put into practice in the
design and enactment of instructional activities. For example, the teacher can
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structure a discussion so that the students’ ideas in the first part of the discussion
become the focus of a subsequent discussion in which the students’
contributions are once again invited (study III). This is something that teachers
can plan for in the design of an instructional activity involving discussion. This
seems like a strategy applicable when dealing with SSI in the classroom,
because different perspectives can be considered stepwise. For example, first,
students can be involved in eliciting different points of view and, second,
reasons underlying certain standpoints can be explored or consequences of
different courses of action can be considered. In this way, the teacher can ensure
that the students’ perspectives are recognized which means that they influence
the content of the discussion while also ensuring that the issue is explored in
some depth.
Moreover, it is important that the teacher is also responsive to the students’
concerns whenever they express these in classroom discourse and are prepared
to change the focus of an ongoing discussion in response to their concerns
(Nystrand, 1997). The results indicate that for example expressions of anxiety
or frustration can be recognized by efforts to relieve them, for example by
focusing attention on positive developments in certain areas relevant to the issue
(study II). Such reports of positive developments are something that a teacher
can prepare for including. This seems relevant to SSI-based education given
that many SSI are serious issues that are likely to involve the students’
emotionally, something that the teacher needs to be prepared to deal with.
Finally, it can be questioned whether teachers should seek to involve all
students in classroom discussions. Some students may be very reluctant to share
their thoughts in class for some reasons (Day & Bryce, 2011; France et al.,
2012). This also seemed to be a concern for the teachers in the present study
who opened up for the possibility to collect students’ points of view in written
form so that the teacher could make them available to the class (study I). This
strategy can be beneficial in two ways. First, the students’ contributions become
recognized as important to the teaching activities. Second, students’ will have
the opportunity to be confronted with and consider different perspectives on
issues and potentially develop their own argued position without feeling
exposed and questioned.
Strategies that imply that the students are positioned as significant
contributors to classroom discourse has been shown to be beneficial to students’
participation (Harris, Phillips, & Penuel, 2012; Nystrand, 1997). The specific
strategies employed and suggested by the teachers in this thesis as described
above thus have the potential to encourage students to participate and share their
perspectives in discussions on SSI. Possibly, incorporating such strategies will
contribute to outcomes of teaching activities that teachers find satisfactory
which, in turn, can enhance teachers’ sense of self-efficacy in this area (Pajares,
1992). This seems important given that science teachers often express low
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confidence with respect to the management of classroom discussions (Bryce &
Gray, 2004; Lee et al., 2006; Newton et al., 1999; Oulton, Day, et al., 2004).
Encouraging students to develop a sense that their viewpoints on the issues
matter is not only a matter of promoting students’ participation in classroom
discourse. Discussion and decision-making on SSI also take place in the world
outside the classroom. This is indeed a major reason for engaging students in
negotiations of SSI inside the classroom. Consequently, as convincingly argued
by Sadler (2009), it is important that students are also positioned as “legitimate
participants in social dialogues” (ibid. p. 13) on SSI. Teachers’ interactions with
students are important to consider in this respect as they can make available or
promote different positions for the students, that is, different parts for the
students to play as participants in negotiations on SSI (van Langenhove &
Harré, 1999). The different positions have potential to promote or impede the
potential for students to envision themselves as participants in discussions and
decision-making on SSI. The results from this thesis (study II) provide insights
into the ways in which this can be accomplished in classroom discourse.
Specifically, the results illustrate how storylines introduced by the teacher may
reduce the potential for students to envision themselves as participants in social
dialogues on SSI. This can be accomplished by positioning experts and
authorities as the agents who are responsible for dealing with an issue. This
means that the students are correspondingly being positioned as spectators in
decision-making and action on the issue. Given the seriousness of many SSI,
the positioning of students as spectators can be problematic, because it entails
the students are not encouraged to develop a sense of being able to take action
in response to issues that concern them and will probably affect them in one
way or another in the future. The introduction of storylines that make available
positions for the students as agents is therefore critical to promote the
empowerment of students. One way of doing this may be to provide
opportunities for students to specifically consider conflicting interests relevant
to the issues at different levels, for example, at personal, social and structural
levels. This has been shown to contribute to enhance students’ empowerment in
terms of enhancing their understanding of complex issues and the possibilities
for taking action and their sense of being willing and able to take action
(Breiting & Mogensen, 1999). One reason why experts and authorities were
positioned as the agents responsible for dealing with climate change is probably
that the students were assigned the task of designing societies. The societal level
was therefore the focus of the students’ work. This result thus supports the
recommendation that potential conflicts of interests at different levels are
important for teachers to consider when making decisions on appropriate issues
to build SSI-based instructional activities on (Ekborg et al., 2009).
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The challenge of balancing the promotion of diverse goals
In this last part of the discussion I will try to tie together the findings of studies
I-III to present what appears to be the main challenge with implementing SSI
into science teaching and suggestions on how to address this challenge.
Knowledge that can be useful in guiding decisions on the design and enactment
of teaching activities will be highlighted.
The implementation of SSI-based teaching implies working counter to the
traditions of school science. New ways of teaching means that teachers enter
into territory where they lack experience to some extent. Because teachers’
decisions on how to design and enact instructional activities are guided in part
by their experiential knowledge gained through previous teaching (Lantz &
Kass, 1987; van Driel et al., 2001), it is reasonable to believe that initial
challenges are unavoidable when implementing new instructional approaches,
as was also the case for the teachers in the present study.
However, there are also challenges that are associated with tensions inherent
in SSI-based teaching because of the diverse educational goals to be promoted.
These tensions relate to, first, different aspects of the content to be covered and,
second, to the relationship between teacher and student control and they seem
to be intertwined.
First, in order to prepare students for participation in debates and decisionmaking on SSI students need to be provided with opportunities to explore the
complexity of SSI. Providing space for this means that the science content that
is foregrounded is determined by the specific SSI, and that considerations not
related to science may predominate. At the same time, teachers need to ensure
that students have sufficient science knowledge to be able to meaningfully
negotiate the specific SSI (Lewis & Leach, 2006). This means that they need
some degree of control over the science content being covered in the teaching
activities to provide opportunities for students to participate in negotiations on
SSI.
Second, students’ development of critical thinking skills requires they are
provided with opportunities to express and reflect on their own points of view
and those of others and they need to be encouraged to try and reach their own
conclusions as part of decision-making on SSI. This means that space needs to
be made for the students’ points of view and decision-making on issues. At the
same time, the SSI needs to be explored in some breadth and depth, that is,
diverse points of view need to be addressed and examined from different
perspectives to promote students’ understanding of the complexity of SSI. This
means that the teacher needs to direct the teaching activity in some way which,
in turn, means that the space for students’ perspectives is reduced.
Thus, the teachers’ control and direction of the teaching activities have the
potential to extend but also to delimit the space for students’ participation and
for students’ perspectives. Finding an appropriate level of control and direction
of teaching activities was a significant challenge for the teachers that they did
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not seem to overcome (study I). However, the teachers possessed strategies that
can potentially be further developed. As proposed by Wickman (2012), making
the existing strategies employed by the teachers visible made it possible to
reflect on how these strategies could be “conducive to the purposes and values
of the practice” (ibid. p. 134).
The results suggest that the concept communicative approach (Mortimer &
Scott, 2003) can serve as a tool to make visible teachers’ existing practices in
the context of SSI-based teaching. This thesis contributes with knowledge about
the functions played by different communicative approaches in relation to
classroom discussions on SSI. The tension between controlling and directing
the teaching activities and providing a space for students’ participation and
perspectives is reflected in teachers’ employment of different communicative
approaches. The teachers presented, reviewed and introduced science content
knowledge relevant to the issues by means of authoritative communicative
approaches (I/A and NI/A). This is in line with the suggestion by Mortimer and
Scott (2003) that authoritative discourse fits with the purpose of introducing and
focusing on the “scientific story”. Authoritative discourse thus serves to control
the content that is covered during the teaching activity. This seems important if
classroom discussions should provide an opportunity to support students’
learning of specific science content, besides providing opportunities for
students to be exposed to each other’s perspectives on issues. This is because
previous studies show that students are often not inclined to explicitly draw on
science content during discussions of SSI (Lewis & Leach, 2006; Sadler &
Donnelly, 2006). Making use of opportunities to “translate” students’ ideas
expressed in everyday language into scientific terminology can be one way for
the teacher to provide opportunities for students to learn science content during
the enactment of discussions.
However, it should be noted that authoritative discourse can also function to
provide a foundation for and sustain dialogic discourse in which there is space
for students’ participation and perspectives. For example, by providing
explanations in response to students’ questions related to background
knowledge of the issues (I/A) the teacher can support students’ participation in
discussions.
As regards dialogic discourse, the way it is defined in this thesis, it can also
function both to provide a space for students’ participation and contributions
and to control and direct the teaching activities. The students’ voices are invited
and explored by means of I/D and NI/D communicative approaches. In this way,
students are encouraged to develop a sense that their viewpoints matter.
Moreover, I/D and NI/D communicative approaches provide opportunities for
students to take part and practice negotiations of SSI. However, in the context
of discussions on SSI, dialogic discourse can also function to present or
introduce other voices relevant to the issues, that is, it can function to ensure
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that the complexity of a SSI is elucidated. This means that the teacher directs
the content of the discussion.
Finally, the I/DF communicative approach defined in this thesis functions to
direct a discussion in which there is space for students’ voices in the sense of
directing attention towards a specific understanding of the issue. Specifically, it
can function to elucidate an ethical dilemma or conflicts of interest underlying
a certain issue, which seems important to support students’ understanding of the
complexity of SSI.
Previous research suggests that efficient teaching implies moving back and
forth between dialogic and authoritative classroom discourse to align with
different teaching purposes (Mortimer, 1998; Mortimer & Scott, 2003;
Nystrand, 1997; Scott & Ametller, 2007; Scott et al., 2006). Mortimer and Scott
(2003) argue that the rhythm of classroom discourse, in which the teacher first
explores the students’ ideas through a I/D communicative approach and then
gradually moves towards a NI/A communicative approach to clarify the
scientific point of view, has a lot to offer in supporting learning of scientific
concepts. The results from this thesis suggest that in the context of SSI-based
teaching there is a more complex interplay between communicative approaches.
Teachers have to make purposeful use of both dialogic and authoritative
communicative approaches to open up a space for students’ participation and
perspectives as well as to direct the content of the discussion to ensure that the
complexities of SSI are elucidated which can delimit the space for students’
participation and perspectives. Both dialogic and authoritative communicative
approaches thus serve multiple functions in relation to classroom discourse on
SSI. In the limited amount of data analysed in this thesis, no specific rhythm,
that is, no pattern with respect to shifts between communicative approaches,
was identified in the classroom discourse. Consequently, this thesis cannot offer
any recommendations for best practice in this area. Nevertheless, the insights
provided about the functions different communicative approaches can play in
the context of SSI-based teaching can potentially be useful to guide teachers’
considerations about the design and enactment of teaching activities in relation
to the educational goals that they aim to foreground.
The tension between controlling and directing the teaching activities and
providing space for students’ participation and perspectives is also reflected in
contrasting positions made available for the students as participants in the
classroom practice (van Langenhove & Harré, 1999). This thesis contributes
with knowledge of the manners by which teachers can take different positions
through their interactions with the students and thereby make available and
promote different student positions (study II). For example, the teacher can take
the position as content knowledge expert and correspondingly position the
students as recipients of content knowledge. These teacher-student positions
align with the goal to control and direct the teaching activities to provide a
foundation for students’ participation in negotiations on SSI. They can thus
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contribute to create a space for students’ participation and perspectives. At the
same time, the teacher can resist being positioned as an authority when it comes
to making conclusions regarding solutions to contentious problems and
correspondingly position the students as responsible for trying to reach their
own conclusions as part of making decisions on SSI. These teacher-student
positions align with the aim to encourage students to engage in decision-making
on SSI.

Suggestions for further research
SSI-based education build on the idea that a compelling societal issue with
connections to science will serve as a context for the instructional activities. It
instantiates a Vision II approach to science education which implies a
completely different starting point for teaching compared with Vision I. The
results from the studies undertaken in this thesis suggest that even science
teachers who are committed to implement SSI-based teaching will not discard
existing beliefs and practices that are in line with Vision I in favour for Vision
II. Instead, they will build on existing practices and incorporate elements of
Vision II. Therefore, making existing practices visible in order to make it
possible to consider how they are conducive to different educational goals
seems important. Such reflection can potentially lead to insights that can guide
teachers’ choices regarding the design and enactment of teaching in relation to
the educational goals that they aim to foreground in a specific teaching activity.
This seems important given that a significant challenge for teachers with SSIbased teaching is to balance the promotion of different educational goals.
Mercer, Dawes and Kleine Staarman (2009) suggest that “Even teachers who
express interest in dialogic teaching may need to develop an awareness of the
nature and importance of their own participation in classroom talk” (ibid. p.
368). Possibly, teachers working to advance SSI-based teaching could apply the
analytical tools used in this thesis that proved to be useful to elucidate teachers’
existing strategies, to reflect on examples of discourse from their own
classrooms as part of professional development. The concepts positioning and
communicative approach do not make it possible to offer any general
recommendations for practice. Nevertheless, they can be used as tools that
enable, for example, comparisons between lessons to monitor progress,
comparisons between teachers to identify areas of development, or comparisons
between activities involving different SSI to enable reflection on possibilities
and limitations with different issues. However, the assumption that the
analytical tools employed in this thesis can be useful to teachers in their
professional development has to be supported by research. This can be an
interesting area for future studies in order to further understand how teachers’
design and enactment of SSI-based teaching to promote certain educational
goals can be supported.
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The results from applying the different tools in the studies undertaken in this
thesis overlap to some extent. For example, teachers’ employment of different
communicative approaches make available different spaces for students’
participation and contributions, that is, different communicative approaches can
make available different positions for the students as participants in the
classroom practice. However, the results suggest that each of the concepts
positioning and communicative approach also adds specific insights into
features of teachers’ discursive practices that are relevant to certain educational
goals. The concept positioning has the potential to facilitate reflection on how
existing practices support the empowerment of students in the sense of their
development of a sense that their viewpoints on SSI matter. This means making
available positions for the students as significant contributors to societal
dialogues about SSI. The concept communicative approach has the potential to
facilitate reflection on the content covered in teaching in terms of the balance
between foregrounding the complexity of an issue by means of dialogic
communicative approaches or specific disciplinary content by means of
authoritative communicative approaches. Given that the results of employing
the two analytical tools both overlap and lead to specific insights I suggest that
further research is needed to combine elements of the two tools into a coherent
framework for the analysis of classroom discourse in the SSI classroom.
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