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Foreword

The socio-scientific issues (SSI) innovation belongs to a long history of rational 
attempts to improve science education for the vast majority of students (grades 
6–12) who have not been well served by their school science, as documented by 
five key failures (Aikenhead, 2006, 2010):

 1. There is an alarming and chronic decline of interest and enrolment in secondary 
science education, in spite of the fact that students generally continue to value 
science in their world outside of school (Schreiner & Sjøberg, 2007).

 2. School science tends to alienate students whose cultural identities differ from the 
culture of science found in typical science classrooms.

 3. Although students do grasp scientific ideas meaningfully (as needed) in out-of-
school settings (Albright, Towndrow, Kwek, & Tan, 2008), they generally fail to 
learn academic science content meaningfully in school. For instance, only 20% 
of students achieved meaningful learning of the molecule concept over 10 years 
of school instruction (Löfgren & Helldén, 2009).

 4. “Empirical evidence demonstrates how students and many teachers react to 
being placed in the political position of having to play school games [playing 
Fatima’s rules] to make it appear as if significant science learning has occurred 
even though it has not” (Aikenhead, 2006, p. 28).

 5. Similar to the mass media, conventional school science conveys dishonest and 
mythical images of science and scientists, such as a positivistic ideology of 
 technical rationality that supports the existence of “the scientific method.”

In light of such accumulated evidence one might ask: Why would students want to 
engage with school science in the first place? The question anticipates a mission of 
SSI school science.

With each new decade of innovation toward a more relevant school science, science 
education researchers have became more sophisticated and less naïve in both practical 
and theoretical ways, much to the benefit of those few students lucky enough to have 
been participants in their projects. However, this evolution has often been challenged 
by a country’s or school system’s culture of school science. The importance of this 
observation is its implication that SSI innovations are first and foremost about 
changing the culture of conventional school science (Aikenhead, 2000; Sadler, 2009).
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One way to characterize some features of school science culture is to consider 
the triad: content (the product of past or current learning), process, and context. 
This book offers a rich diversity of research into all three cultural components.

Potential success for student learning can best be understood in terms of how 
each of these three cultural components interacts with students’ cultural self-identities 
(i.e., who they are, where they have been, where they are going, and who they want 
to become). “We need to consider how learning science can change students’ 
identities by changing their ability to participate in the world” (Brickhouse, 2001, 
p. 288). In short, to learn science meaningfully is to engage in identity formation 
(Brown, Reveles, & Kelly, 2005; Calabrese Barton, 1998; Carlone, 2004; Sadler, 
2009). “Students who do not feel comfortable taking on a school science identity 
(i.e., being able to talk, think, and believe like a scientist) represent the vast majority 
of any student population” (Aikenhead, 2006, p. 108).

In the following, I comment on the relationship between this student majority 
and SSI innovations with respect to school science content, process, and context.

Content

Some researchers recommend that teachers foster positive school science identities 
by getting students to talk, think, and believe like scientists (Brown et al., 2005). If 
students begin to talk, think, and believe like scientists, then others will identify 
them as competent academic science students. However, identity clashes between 
students’ self-identities and a conventional school science identity can cause many 
students to feel alienated (Brown & Spang, 2008), and consequently they resist 
forming an academic science identity, that is, they resist meaningful learning. 
Rather than becoming scientifically literate, they become scientifically indifferent.

The science content encountered in the culture of conventional school science is 
invariably academically abstract and decontextualized, which serves such purposes 
as knowledge accumulation for standardized tests and gate-keeping for university 
science and engineering departments. Evidence demonstrates the negative impact of 
this academic science content on students’ perceptions of SSI innovations: “Students 
saw the same activities [SSI innovations] as a simple extension of what ordinarily 
transpires in science classrooms” (Sadler, 2009, p. 36); a conclusion verified by a 
very extensive study of students’ and teachers’ perceptions of what transpires in their 
science classrooms (Wood, Lawrenz, & Haroldson, 2009) and verified in a review 
of research into students’ identity in science learning (Shanahan, 2009).

To be perceived by students as successful, an innovation needs to change the 
culture of school science. In the first place, school science must prioritize, through-
out its science curriculum, scientific content primarily found outside of academic 
school settings – relevant science in the everyday world (Aikenhead, 2010). 
Conventional science content in schools and undergraduate university programs 
differs in cultural ways from the science content observed in everyday science-
related occupations, events, and issues. These everyday contexts represent  culturally 
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different communities of practice compared with conventional school science 
(Sadler, 2009). Examples of relevant school science content appear in this volume 
and are emphasized in Aikenhead (2006, 2010) who offers a taxonomy of school 
science content based on the political question: Who decides what is relevant? 
Relevant school science includes, for instance, concepts and procedural knowledge 
for understanding and acting upon scientific evidence – “concepts of evidence” 
(Duggan & Gott, 2002) – in the world of work and in other everyday situations.

Process

From multiple perspectives, SSI educators have consistently given special attention 
to learning processes that engage students. In fact the innovative nature of these 
classroom processes is often perceived by teachers as a major challenge to imple-
menting SSI school science (Aikenhead, 2006). Diverse learning processes revolve 
around instruction strategies such as decision making, reflective judgment, com-
munities of practice, guided inquiry, citizen participation, moral and ethical reason-
ing and sensitivity, argumentation and reasoning, critical thinking, case-study 
analysis, and political action (Sadler, 2009).

Given the importance of potential cultural clashes that prevail in all science 
classrooms for most students, attention should be given to an emerging cultural 
perspective on school science instruction. Most students tend to experience school 
science (grades 6–12) as a foreign culture, but their teachers do not treat it that way. 
To be successful, these students must, without teacher assistance, learn to cross a 
cultural border between their own culture and the culture of academic school sci-
ence (Aikenhead, 2006). An alternative process is for a teacher to treat relevant 
school science content as potentially foreign to students (epistemologically, onto-
logically, and axiologically foreign) and to develop cultural responsive ways to help 
students cross cultural borders more smoothly (Aikenhead, 2006; Scott, Asoko, & 
Leach, 2007). SSI educators need to hone their culturally responsive processes so 
students can more easily appropriate the relevant science content dictated by every-
day science-related occupations or everyday events and issues – the primary 
 contexts for learning.

Context

Of the three cultural features considered here (content, process, and context),  context 
is the hallmark of SSI school science with its situated learning and context-based 
instruction (Sadler, 2009). Contexts chosen by teachers and curriculum developers, 
however, are often at odds with most students’ views of relevancy (Campbell et al., 
1994), unless: (a) there is a shared view of purpose among  teachers and students, (b) 
there are changes in the nature of the dialogue between teachers and students, and 
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(c) students compare and contrast their personal understanding with scientific views 
(Rodrigues, 2006). Each point animates a dimension of school science culture.

Conclusion

When summarizing research in Europe, Osborne and Dillon (2008) lamented:

The irony of the current situation is that somehow we have managed to transform a school 
subject which engages nearly all young people in primary schools…into one which the 
majority find alienating by the time they leave school. (p. 27)

An answer to the pervasive question, “Why would students want to engage with 
school science in the first place?” requires an exploration into the intricate, culture-
anchored, context-laden interplay between, on the one hand, students’ self-identi-
ties, and on the other, relevant school science content, culturally responsive 
processes, and educationally appropriate contexts.

Some obvious ways for SSI school science to transform the culture of conven-
tional school science include: (a) taking seriously the fact that many students will 
even experience learning relevant school science content as a cross-culture event; 
(b) dispelling myths and values associated with any academic science content 
incorporated into school science; and (c) insisting that educational soundness and 
relevancy be the main criteria for selecting school science content. Other transfor-
mative ideas emerge from chapters in this book.

Unfortunately, educational soundness often conflicts with political realities 
such as expediency, institutional expectations, customs, ceremonies, beliefs, rou-
tines, loyalties, and the power of certain societal stakeholders (Aikenhead, 2006, 
2010). SSI research and development projects will be far more influential if their 
agendas not only embrace the educational soundness of SSI school science, but as 
well, produce a politically savvy plan for transforming the school science culture in 
the school system where the project takes place.

Glen S. Aikenhead
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Goals of Science Education

In considering what the science education community ought to be doing in terms 
of curricular and pedagogical innovations, teacher education, and research, I 
believe the field must consider two fundamental questions: (1) what should the 
goals of science education be and (2) how can these goals best be achieved? The 
question of what the goals of science education ought to be has been a long-standing 
issue. Debates on the meaning and purpose of scientific literacy have consistently 
explored this territory. Although the science education community is fairly united 
in its call to enhance scientific literacy for all students, there is considerably less 
agreement as to what constitutes scientific literacy. This volume does not take up 
the challenge of mapping out the landscape of scientific literacy; Doug Roberts’ 
(2007) chapter in the latest Handbook on Research in Science Education does an 
excellent job of summarizing and synthesizing the varied perspectives on this con-
tentious construct. Roberts provides a useful heuristic for characterizing the diversity 
of views on scientific literary by postulating two visions of the construct:

Vision I gives meaning to SL [Scientific Literacy] by looking inward at the canon of orthodox 
natural science, that is, the products and processes of science itself. At the extreme, this 
approach envisions literacy (or, perhaps, thorough knowledgeability) within science… 
Vision II derives its meaning from the character of situations with a scientific component, 
situations that students are likely to encounter as citizens. At the extreme, this vision can 
be called literacy (again, read thorough knowledgeability) about science-related situations 
in which considerations other than science have an important place at the table. (emphases 
original; p. 730)

The authors featured in this volume adopt perspectives consistent with Vision II 
scientific literacy. This perspective suggests that scientifically literate individuals 
should be able to confront, negotiate, and make decisions in everyday situations 
that involve science. This perspective on scientific literacy prioritizes science for 
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all, not just the few who engage (or will engage) in science professionally. Defining 
scientific literacy in this way has important implications for the first fundamental 
question posed above: what should the goals of science education be? The perspec-
tive necessarily foregrounds the role of science education in supporting the devel-
opment of all students as citizens prepared to engage thoughtfully in the discourses 
of modern society. Given the role of science in modern society, scientific ideas, 
practices, and products are essential aspects of these discourses. Therefore, science 
education has a significant role to play in this process of preparing citizens. The excerpts 
presented below offer strong justifications for the position being advocated here:

What is clear is that ordinary citizens will increasingly be asked to make judgements about 
matters underpinned by science knowledge or technological capability, but overlaid with 
much wider considerations. Those without a basic understanding of the ways in which sci-
ence and technology are impacted by, and impact upon, the physical and the sociopolitical 
environment will be effectively disempowered and susceptible to being seriously misled in 
exercising their rights within a democratic, technologically-dependent society. (Hodson, 
2003, pp. 650–651)

… [S]cience education must serve as a foundation for the education of an informed citi-
zenry who participate in the freedoms and powers of a modern, democratic, technological 
society. With the rapid development of scientific knowledge and the advent of new tech-
nologies, all members of society must have an understanding of the implications of that 
knowledge upon individuals, communities, and the “global village” in which we now live. 
(Berkowitz & Simmons, 2003, p. 117)

While the basic idea of asserting citizenship goals as a part of science education 
may not be all that controversial, the implications of positioning citizenship as the 
primary goal of science education may very well be contentious. In claiming that 
the primary aim of science education should be promoting citizenship, we are clas-
sifying several other goals as less-than-primary. Historically, science education has 
offered primacy to the promotion of understandings of scientific facts, principles, 
theories, etc. (DeBoer, 1991). Consensus research documents such as Taking 
Science to Schools (Duschl, Schweingruber, & Shouse, 2007) prioritize student 
engagement in the practices of science, and several politically oriented reports (e.g., 
Member of the 2005 “Rising Above the Gathering Storm” Committee, 2010) call 
for enhancing the preparation of the science workforce. I am not arguing that sup-
porting student learning of science ideas, engagement in science practices or prepa-
ration for careers in science are not desirable goals, but I am saying that these goals 
are not as important as supporting students’ development as citizens.

Critics of the approaches advocated in this volume may be tempted to argue that 
the distinctions drawn here between various goals of science education are trivial. 
The goals themselves are not independent. Engaging in science practices requires 
understanding of science principles and theories. Better preparing the science 
workforce requires students to develop stronger understandings of science ideas 
and abilities to engage in science. Preparing better citizens also requires more 
sophisticated understandings and practices. However, there are important distinc-
tions to be made between learning science ideas and practices for their own inherent 
value or for more instrumental purposes such as preparing students for careers or 
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citizenship. For example, if the primary goal of science education is to enhance 
student understandings of scientific principles, then science educators do not need 
to concern themselves with dimensions of the more instrumental goals that can 
present tricky pedagogical challenges. If the primary goal of science education is 
to support student abilities to engage in scientific practices, then educational oppor-
tunities should be designed such that they maximize student engagement in those 
practices. This may mean that more instrumental goals such as career and/or citi-
zenship preparation would be deemphasized or removed from the curriculum.

Delineating between the primary and secondary goals of science education has 
important implications for the second fundamental question posed at the outset of 
this chapter: how should the goals of science education be achieved? Prioritized 
goals should shape curricular and pedagogical decisions. Many science educators 
would likely agree that promoting citizenship is a valid goal for science education, 
but relatively few have made this a primary goal such that development of learning 
experiences are primarily shaped by this focus. Based on what I observe in the 
classrooms that I visit and what is represented in state and national standards (at 
least in the United States), the primary goal of most science instruction is promot-
ing science content. The students with whom I am familiar spend most of their time 
devoted to listening to lectures related to science content, participating in activities 
designed to reinforce content, and memorizing scientific formalisms to re-present 
them in testing situations. While learning about science content in these ways may 
help learners to better engage in negotiation of and decision-making related to 
social issues conceptually connected to that science content, it is unlikely that this 
is the most effective way of supporting student engagement in these issues (Zeidler, 
Sadler, Simmons, & Howes, 2005). If the primary goal of science education is sup-
porting the development of students to be more informed and to be engaged citi-
zens, then science educators must be more deliberate about achieving this goal.

Situated Learning

The decisions we make related to how learning experiences and instruction are 
structured in the service of educational goals ought to be shaped by theory on teach-
ing and learning. For me, situated learning has become a powerful framework for 
understanding and explaining teaching and learning phenomena (Cobb & Bowers, 
1999; Greeno, 1998; Lave & Wenger, 1991). This perspective emphasizes the situat-
edness of learners in specific environments. Environments, or contexts, for learning 
are formed by participants, including the learners themselves, conceptual and physi-
cal resources, as well as the norms that guide participation and discourse. These 
contexts, in turn, shape the ways in which participants engage in activities and ulti-
mately afford and constrain what participants come to know and be able to do. From 
the vantage of this theoretical perspective, learning cannot be considered as only those 
things that transpire in the minds of individuals. Therefore, context becomes a very 
important factor in learning, not just a backdrop against which learning takes place.
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If promoting citizenship is a priority for science educators, then we have to 
consider the contexts we create for learners to experience science (Sadler, 2009). We 
cannot assume that exposure to science content in any context will necessarily lead to 
the preparation of more informed citizens who are better ready to participate in demo-
cratic discourses and processes. If our goal is to help students become better able to 
contribute to debates and decisions about important societal issues with links to sci-
ence 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. The socio-scientific issues approach to science education does just that.

Socio-scientific Issues

Socio-scientific issues (SSI) are controversial social issues with conceptual and/or 
procedural links to science (Sadler, 2004). They are open-ended problems without 
clear-cut solutions; in fact, they tend to have multiple plausible solutions. These solu-
tions can be informed by scientific principles, theories, and data, but the solutions 
cannot be fully determined by scientific considerations. The issues and potential 
courses of action associated with the issues are influenced by a variety of social factors 
including politics, economics, and ethics. SSI may be global in nature such as climate 
change and the use of genetic technologies or local such as addressing a neighborhood 
environmental crisis or determining the location of a new power plant.

The SSI movement has arisen within science education with a focus on using 
these complex issues as contexts for teaching science. If we take the implications 
of situated learning seriously, then supporting learner exploration of complex, 
socially relevant issues aligns very well with the goal of promoting citizenship. It 
is not enough for science educators to teach science content if what we really want 
to do is help students become better able to negotiate the challenges of science as 
it is represented in the real issues of society. SSI-based education addresses this 
challenge explicitly by using the complex issues that highlight the need for SL 
(Vision II: Roberts, 2007) as contexts for science teaching and learning.

Over the last decade, SSI has become a prominent theme within the science 
education literature. The SSI movement has built upon other approaches that share 
the goal of better preparing learners to engage in discourses and decisions related 
to socially relevant issues associated with science. The most notable of these 
approaches is science-technology-society (STS; Yager, 1996), but other approaches 
including science-technology-society-environment (STSE), education for sustain-
ability, and context-based science education also have many features in common 
with the SSI approach. Discussions of ways in which these different orientations to 
science teaching overlap and are distinct can be found elsewhere (Tal & Kedmi, 
2006; Zeidler et al., 2005).

Not surprisingly, the focus of the literature that has emerged around SSI has been 
varied and diverse. Several authors have explored the construct conceptually particularly 
with respect to how SSI-based approaches relate to scientific literacy (e.g., Hodson, 
2003; Zeidler & Keefer, 2003). Others have looked at reasoning and decision-making 
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in the context of SSI (e.g., Zeidler, Walker, Ackett, & Simmons, 2002; Zohar & 
Nemet, 2002) and links between SSI decision-making and certain understandings, 
like nature of science or content knowledge (e.g., Bell & Lederman, 2003; Lewis & 
Leach, 2006). Other work has explored issues associated with assessment of SSI-
related outcomes (e.g., Eggert & Bogeholz, 2010; Vazquez-Alonso, Manaserro-Mas, 
& Acevedo-Diaz, 2006). SSI as featured in classrooms has also become an important 
trend in this literature (e.g., Albe, 2008; Grace, 2009). All of these contributions 
have important insights to offer the science education community, but as we move 
toward generating empirical evidence for the question of how best to achieve the 
goals of science education, I believe the classroom-based studies of SSI implementa-
tion and outcomes are particularly significant.

Purpose of This Volume

The perspectives described in the beginning pages of this chapter including the 
primacy of citizenship goals for science education, situated learning as a theoretical 
perspective on learning, the significance of SSI as educational contexts, and the 
importance of classroom-based research have shaped the development of this book 
project. There are several strong studies of SSI featured in classrooms (many of 
which are presented in a recent review; Sadler, 2009), but there is limited space 
within these individual reports to feature discussions of important contextual issues 
and to look across different kinds of classrooms. The purpose of this volume is to 
provide such a space. The goal is to bring together researchers who are working in 
classrooms to explore the effects of SSI-based education in order to create new 
understandings of how SSI can be productively used by teachers and students. In 
order to achieve this goal, I recruited a group of authors with current or recently 
completed classroom-based, SSI research projects. Each chapter features research 
conducted in these settings, but authors were also encouraged to share details of 
their work that often fail to be fully represented in journal articles. As such, I 
requested that authors discuss the following elements of their work in classrooms 
in addition to discussions of research foci, methods, and results:

Motivation or origins of the work:•	  Discussion of how and/or why the authors 
initiated the project they describe.
Teacher-researcher relationships:•	  Discussion of how the authors worked with 
classroom teachers and how these relationships were built and sustained includ-
ing the challenges of doing so.
Nature of the SSI intervention:•	  Discussion of the design process, curricula, and 
pedagogy employed in the project.
Implications for teaching, learning, and research:•	  Discussion of how the project 
has advanced the understanding of how to effectively use SSI in educational 
contexts and what research questions have been highlighted by the contribution.

In order to build understandings of how SSI are featured in diverse contexts, 
I deliberately sought an internationally diverse assemblage of projects. Authors 



6 T.D. Sadler

from seven nations across four continents present their work in the volume. This 
sample of projects by no means represents the full range of diversity within the area 
of SSI, but it does offer multiple international perspectives on the topic.

As a part of this volume, I also wanted to create an opportunity for scholars to 
reflect on the work of others and discuss these reflections. The discussion of ways 
in which individual researchers frame their work, deal with challenges, and react to 
how other research teams approach these tasks can be helpful for the discussants 
themselves and potentially educative for others working to implement SSI in class-
rooms or better understand how to do so. Therefore, each chapter that describes a 
classroom-based SSI project is followed by a metalogue. Metalogues are “written 
conversations among parties that preserve individual voices while revealing con-
tested areas” (Staller, 2007, p. 137), thereby creating space for the exchange and 
problematization of ideas. I first saw metalogues featured in an edited volume by 
Yerrick and Roth (2005) related to classroom discourse communities. This text 
offered several very strong chapters outlining theoretical and empirical consider-
ations on discourse communities, but I found the discussions following each chap-
ter between the authors and other scholars to be the most enlightening aspects of 
the volume. Having experienced the value of these kinds of metalogues from the 
perspective of a reader, I wanted to borrow the strategy as an editor. For each of 
the main chapters a metalogue was created by at least one author of the original 
chapter, at least one author from one of the other chapters, and in some cases 
another scholar with related expertise.

Organization of Chapters

The volume features nine SSI research projects presented in separate chapters with 
accompanying metalogues. The chapters are not grouped in sections; however, they 
have been organized deliberately. There are several different ways that the chapters 
could have been organized including by target audiences, SSI featured, scope of 
interventions, methodologies, or research foci. The target audiences for the projects 
range from upper elementary students to college undergraduates. The issues them-
selves range from environmental issues and climate change to human diseases and 
health care to social controversies such as biological determinism. The scope of 
interventions varies from relatively short units delivered in a span of a few weeks 
to year-long projects and, in one case, a four-year SSI-themed program. The 
authors present diverse methods including different kinds of primary data sets (e.g., 
observational data, interviews, tests, and surveys) and different analytic approaches 
(e.g., pre/post intervention statistical comparisons, case studies, mixed methods 
designs, and discourse analysis).

Ultimately, I chose to organize the chapters around themes of the research. The 
first two projects (Tal, Kali, Magid, & Madhok; Sadler, Klosterman, & Topcu) 
explore how teaching in the context of SSI can support student learning of science 
content. Tal and colleagues also address using technology to mediate SSI learning 
experiences and how these experiences can be enhanced through interactions with 
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real individuals engaged in the SSI under consideration, both in and out of school 
settings. In addition to student learning of science content, Sadler and colleagues 
explore socio-scientific reasoning, a construct they position as a means of opera-
tionalizing and assessing the citizenship dimensions of SSI-based education. 
Reasoning and decision-making is the dominant research theme for the next two 
chapters (Eastwood, Schlegel, & Cook; Evagorou). Eastwood and colleagues 
examine the decision-making practices of students in an innovative SSI-based 
undergraduate major. These authors also discuss the students’ perspectives on 
learning in the context of SSI. Evagorou studies reasoning and decision-making 
among upper elementary learners engaged in a technology-supported SSI unit. 
She also explores ways in which in-class experiences can be supported with 
out-of-school experiences, a theme initially discussed by Tal et al. (2011).

The next two chapters by Simon & Amos and Puig & Jiménez-Aleixandre 
extend the focus on reasoning and employ argumentation frameworks to understand 
learner use of scientific knowledge and evidence in support of the claims made in 
SSI contexts. Simon & Amos study classroom enactment of a SSI unit embedded 
in a new national curriculum in the United Kingdom. Puig & Jiménez-Aleixandre 
explore processes associated with the design of SSI-related learning tasks, the 
translation and interpretation of these tasks by teachers, and how these tasks sup-
port (or fail to support) student construction of scientific explanations in SSI con-
texts. Wong, Wan, and Cheng direct attention to the learning of nature of science 
(NOS) through SSI-based instruction. These researchers explore how classroom 
teachers modify and create SSI-based units to support student learning of NOS. The 
final two chapters (Zeidler, Applebaum, & Sadler; Dawson) present case studies of 
long-term enactment of SSI approaches in science classrooms. Zeidler and col-
leagues explore student and teacher transformations over the course of a year-long 
case study in which a teacher adopted a SSI framework for his high school science 
classes. Dawson presents a semester-long case study exploring the impact of a 
teacher’s efforts to raise students’ ethical awareness and decision-making skills in 
the context of issues associated with human reproduction.

Final Thoughts

In the opening sections of this chapter, I made several assertions including that all of 
the contributors to this text subscribe to a Vision II orientation to SL (Roberts, 2007) 
and that citizenship goals ought to be the primary goal of science education. 
Although I did not solicit explicit comments on these issues, I am confident, based 
on the work presented, in asserting that the authors do share consensus in the need 
to frame SL in terms of abilities to use science in students’ everyday lives. I am far 
less confident in the assertion that citizenship goals ought to be the primary goal of 
science education. If pushed, I do not even subscribe to this assertion in the extreme. 
However, my fellow contributors and I would agree that citizenship goals ought to 
be a primary goal of science. Earlier in the chapter, I framed the discussion of goal 
prioritization as an either/or option: a goal is either positioned as the primary 
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goal of science education or it is not. I did so to stress the importance of prioritizing 
citizenship goals which have historically received rhetorical support but limited or 
nonexistent support for actual implementation. I think that if we consider the broad 
range of formal and informal science education opportunities, then multiple goals 
can be prioritized. However, given the historical marginalization of citizenship goals 
in science education (Hughes, 2000), the community needs to be very careful in 
preserving the prioritization of these goals, even if multiple goals are prioritized.

In this introductory chapter, I have attempted to provide a framework for situating 
the work featured throughout the volume, describe a rationale for the volume, and 
outline the organizational structure of the volume. The framework, which draws on 
notions of scientific literacy and situated learning, is admittedly brief. My goal is to 
provide a starting place for considering the classroom-based, SSI research described 
in this volume. However, there is an inevitable tension in presenting a common frame-
work for a collection of work as diverse in scope, focus, and geographic origin as 
presented here. A simple instantiation of the diversity across chapters that reflects 
some of this underlying tension is the label SSI itself. In some chapters, authors refer 
to socio-scientific issues (with a hyphen); other authors use socioscientific issues 
(without a hyphen). The presence or absence of the hyphen itself is less important than 
the underlying conceptual framework that the authors’ linguistic choice represents. In 
some cases, it really may not matter whether the hyphen is present or not; however, 
some authors are deliberate in their inclusion or exclusion of it. I have chosen to 
preserve the differences as an explicit acknowledgement of potential differences.

While I can operationalize important terms and make some general arguments 
related to the significance of scientific literacy and citizenship dimensions of sci-
ence education, I cannot say that all of the authors subscribe to a comprehensive 
theoretical framework. Therefore, I have presented an overview of the arguments 
supporting SSI-based education and a fairly general discussion of fundamental 
concepts (e.g., scientific literacy) and theory (e.g., situated learning) underlying 
work in this domain. I offer more complete discussions of the conceptual and theo-
retical frameworks that guide my own work elsewhere (Sadler, 2009; Sadler & 
Zeidler, 2009). Issues associated with differences in how the various authors con-
ceptualize SSI and frame SSI research emerge in some of the metalogue discus-
sions. I leave it to the readers to identify and contemplate other issues that are 
surely present but not directly discussed.
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Introduction

In this chapter, we view socio-scientific issues (SSI) as contributing to dialogic 
argumentation (Ash & Wells, 2006; Driver, Newton, & Osborne, 2000; Tal & Kedmi, 
2006) and as enhancing the ability to assess scientific information and data (Jiménez-
Aleixandre, Rodríguez, & Duschl, 2000; Zohar & Nemet, 2002), which both contrib-
ute to scientific literacy of students in middle and lower high school grades (Roth & 
Calabrese Barton, 2004). Teaching science through socioscientific issues is in line 
with ideas brought up by the Science-Technology-Society (STS) movement 
(Aikenhead, 1994; Hodson, 1994, 1998) that continued to develop into ideas about 
humanistic science teaching and teaching citizen science (Aikenhead, 2005; Calabrese 
Barton, 2003; Roth & Calabrese Barton, 2004; Tal & Kedmi, 2006). The essence of 
all these ideas is that the science content should be situated in real, important, and 
often controversial issues that gain the public’s interest. Ratcliffe and Grace (2003) 
identified the following characteristics in socioscientific issues: they have a basis in 
science as they are frequently at the frontiers of scientific knowledge; they involve 
forming opinions, making choices at personal and societal levels; they are frequently 
reported by media; they deal with incomplete information; they address local, 
national, and global dimensions; they involve some cost-benefit analysis in which risk 
interacts with values; they may involve considerations of sustainable development; 
they involve values and ethical reasoning; they may require some understanding of 
probability and risk; they are frequently topical with transient life (pp. 2–3).
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Integrating societal, environmental, and technological aspects into the science 
curriculum is not a new idea. The Science-Technology-Society (STS) movement of 
the 1980s advocated not only the inclusion of controversial issues, but using them 
as organizers for the curriculum (Bingle & Gaskell, 1994; Solomon & Thomas, 
1999). However, as Zeidler and his colleagues argue (Zeidler, Sadler, Simmons, & 
Howes, 2005), in fact, socioscientific issues were presented merely as additions or 
anchoring stories to the main stream science that remained disciplinary, standard-
based, and free of value. They suggested that the Socioscientific Issue (SSI) move-
ment should replace STS, claiming that while STS education typically stresses the 
impact of decisions in science and technology on society, it avoids deep engage-
ment with ethical issues and does not consider the moral development of students. 
With this regard, Tal and Kedmi (2006) argued that this criticism is more about the 
employment of STS than about its core ideas. Scholars who advocate for a more 
central role that socio-science should play in science teaching believe that issues 
such as genetically modified food, nuclear energy and nuclear waste, stem cells 
research, gene therapy, biodiversity, and so forth that enhance public discourse 
through the mass media should become the context of science teaching for the 
future citizens. In an attempt to locate socioscientific issues in the curriculum, 
Ratcliffe and Grace (2003) point to citizenship, scientific literacy and sustainable 
development as dealing with values, conceptual understanding and skills. They 
identify the connections between STS goals and environmental education in contrib-
uting to scientific literacy, citizenship, and sustainable development, and argue that 
despite the different foci, “attention to procedural understanding of reasoning and 
decision making, combined with acknowledgement and elaboration of values is a 
feature of all three” (p. 35). Ratcliffe and Grace suggest that socioscientific issues 
can be a means to achieve the ambitious goal of students acting as informed, 
responsible citizens when confronted with future scientific advancements. Within 
the large scope of SSI, in this chapter, more emphasis is given to conceptual under-
standing and citizenship.

With respect to teaching methods, it is widely agreed among STS/SSI/EfS/EE1 
proponents that teaching should be a process of negotiation and inquiry and that 
elements of authentic involvement of the students in decision-making and action 
should be included as well (Hodson, 1994; Sadler, Barab, & Scott, 2007; Sadler & 
Zeidler, 2004). Decision-making is a major element of being a citizen in a demo-
cratic society and the way to support youth in making informed decisions is consid-
ered as citizenship education and education for sustainable development. Citizens of 
the twenty-first century need to take a stand in environmental, health, economical, 
social justice, and many other issues, but the traditional teaching in most schools 
does not support students in becoming active citizens (Hodson, 2002). As Hodson 
argues, teachers struggle when they try to present science as a value-laden activity 
because the topics they teach are usually neutral. Socioscientific issues which are 
heavily loaded with values are much more appropriate to convey this message.

1 STS – Science-Technology-Society; SSI – socioscientific issues; EfS – education for sustain-
ability; EE – environmental education.
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From International to Local Context

In Israel, since the 1990s, STS has become the framework of science education in 
the elementary and the junior high school levels. However, in line with Hodson 
(2002) and Zeidler et al. (2005), the societal and environmental issues remained as 
enrichment or merely decoration to the core science content. The only place in 
which socioscientific issues became a legitimate organizer of the entire curriculum 
was in the “Science and Technology in Society” (STiS) curriculum (MUTAV – in 
Hebrew), a curriculum for nonscience majors in the high school, which is studied 
by small number of students, usually in lower academic tracks. Within the context 
of STiS, various modules were developed around socioscientific issues. In these 
modules, the designers aimed at developing the students’ questioning skill (Dori 
& Herscovitz, 1999), their argumentation (Dori, Tal, & Tsaushu, 2003; Tal & 
Kedmi, 2006) and decision- making, through learning about genetic engineering, 
air quality, ocean wildlife conservation, and so forth. In doing so, the designers of 
the modules addressed the four levels of sophistication suggested by Hodson 
(1994) which, in short, are (1) appreciating the societal impact of scientific and 
technological change; (2) recognizing that decisions about scientific and techno-
logical development are taken in pursuit of interests; (3) developing one’s own 
views; and (4) preparing for and taking action. In the junior high school level, 
despite the flexible framework of the curriculum, and substantial attempts to 
develop knowledge integration or higher order thinking skills such as system 
thinking (Ben-Zvi Assaraf & Orion, 2005; Kali, Orion, & Eylon, 2003), or expos-
ing the students to advanced research technologies to improve conceptual under-
standing (Margel, Eylon, & Schetz, 2004), only few attempts were made to 
promote thinking by using socioscientific issues for supporting higher order think-
ing in science and environmental education (Dori & Tal, 2000; Tal & Hochberg, 
2003; Zohar, 2004; Zohar & Nemet, 2002).

Curriculum and Context

The use of socioscientific issues for enhancing students’ science literacy will be 
presented here in the context of technology-enhanced learning in small groups 
using a Web-based module named Simple Inheritance, developed in WISE. The 
Web-based Inquiry Science Environment (WISE) was designed to enhance sci-
ence learning, while taking advantage of the innovations that the Internet can 
bring into the teaching and learning of science. The WISE library includes sev-
eral dozen modules, most of which are approximately 2 weeks in length and 
designed by teams of researchers and teachers, in various fields of science for 
upper elementary, middle, and high school students (Slotta & Linn, 2009). Many 
of these modules introduce science contents within health, environmental, and 
social contexts. For instance, in the asthma module, students investigate how 
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asthma affects the human body, and how it is affected by environmental factors 
such as pollution (Tate, 2008; Tate, Clark, Gallagher, & McLaughlin, 2008). In 
the global warming module, students explore the causes for global warming using 
an interactive visualization which models the various factors involved (Varma, 
Husic, & Linn, 2008). While learning with WISE modules, students learn scien-
tific content in relevant contexts, and develop a variety of thinking skills such as 
asking questions, identifying and critiquing evidence, making arguments, making 
hypotheses, and so forth. Interactive visualizations in WISE modules allow the 
students to explore complex phenomena and processes and integrate knowledge 
from various resources (Linn, Lee, Tinker, Husic, & Chiu, 2006). In WISE, stu-
dents can work individually, as well as in small groups. For teachers, WISE 
allows modifications, additions, and on-going revisions to improve learning 
(Slotta & Linn, 2009).

The work reported here takes advantage of another capability of WISE – the 
authoring environment, which allows one to revise, adapt, and refine existing 
modules. In discussions involving the WISE research team and our research group, 
the WISE researchers expressed some concerns that had emerged with the Simple 
Inheritance module. They felt, and we concurred that this particular module 
needed some targeted revisions in order for it to support the desired learning out-
comes. The WISE Simple Inheritance module along with associated test questions 
and coding rubrics were developed by Benemann (2005) with the support of the 
Technology Enhanced Learning in Science (TELS) research group. The module 
begins and ends with a framework story of Eric, a boy who is sick with cystic 
fibrosis (CF), a disease that affects his ability to hike with his family. The students 
explore Eric’s family history to arrive at the conclusion that CF is an inherited 
trait. This context allows for further investigation of other inherited traits and 
learning about simple genetic mechanisms. Despite the engaging context and the 
anchoring story, of a sick child that launches the learning sequence, we believed 
that a “real life” context could make a greater contribution to students’ learning. 
We assumed that other opportunities for social interactions to advance learning 
will further contribute to the students’ engagement and learning (Ash, 2002, 2004; 
Ash & Wells, 2006).

Our endeavor is based on a previous study in which Tal and Hochberg (2003) 
employed the WISE Malaria project and attempted to strengthen the argumentative 
dialog in the classroom. Tal and Hochberg added two socioscientific issues to the 
basic module – one that dealt with the dilemma of eradication of the small pox 
virus, and the other dealt with a debate about vaccination against the West Nile 
fever virus. These socioscientific issues were used to support learning as well as 
assessment goals. For both issues, a whole-class discussion followed web-based 
learning exercises. In addition, Tal and Hochberg incorporated a sociocultural 
dimension to the learning process. Three classes, one of students from a middle-
high socioeconomic suburban community, another of students from an urban 
school of mainly immigrants from the former Soviet Union, and the third class of 
Arab students, all who learned the malaria module at the same time, met for a 
“socioscientific conference” in which the students presented posters of their 
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 learning outcomes about malaria and participated in mixed groups to discuss the 
societal issues that affect science, health, and the environment. Tal and Hochberg, 
who employed the assessment scheme suggested by Zohar and Nemet, found that 
in the West Nile fever issue, which was given at the end of the module, the students’ 
performances in tasks that required complex reasoning were significantly higher 
than their performance in the small pox virus preproject assignment. They also 
found that the students addressed more perspectives on the issue and that they better 
addressed scientific knowledge in supporting their justifications. Following the 
same line of thought, we believed that enhancing the authenticity of the Simple 
Inheritance module by adding a meaningful social interaction to the learning pro-
cess will contribute to students’ learning. We postulated that the contribution will 
be in both the affective and the cognitive domain.

In addition to better contextualizing the module to the Israeli context, we added 
two components to the original module: The first component, experienced by one 
class, was a visit to a CF unit in a children’s hospital, and the other component was 
authentic communication through an asynchronous forum (online interaction). This 
forum allowed students to talk with a young CF patient over a period of a few days. 
Generally, we were interested in patterns of learning with the adapted WISE module, 
and more specifically, we were interested in the value of the two additions that 
aimed at improving the relevance of the module. Our research team consisted of an 
expert in technology-enhanced learning, an expert in teaching socioscientific issues 
who studies learning in informal settings, and an experienced science teacher in 
grades 8–10 (age 14–16). In this chapter, we share our experience and discuss the 
advantages and limitations of the project.

A Socioscientific Approach in the Design of the Module

The original WISE module begins with the story of Eric, a sick boy who intends 
to go hiking with his family. Our revised module, which was created in Hebrew, 
begins with introducing a newspaper ad, which reminds the public about a forth-
coming CF donation day. In this ad (see Fig. 2.1) a real girl, Shefa, tells the public 
about her daily routine: one hour of physiotherapy, three inhalation treatments, 50 
pills, controlled physical activity, special high calorie nutrition, and frequent 
hospitalizations. The ad culminates with the saying “For you it is a donation, but 
for us this is like air for the next inhale.” We would like to note that in Israel, 
junior high school and high school students are requested to participate in door-
to-door fund-raising for certain approved nonprofit organizations such as the CF, 
diabetes, and breast cancer organizations. In the revised module, after students 
are presented with the ad in the first activity, they are asked whether they would 
have volunteered to participate in such a CF fund-raising program. In order to 
make an informed decision, students are invited to learn more about CF. This 
opening dilemma is then reiterated as a final activity in the module, as we 
describe below.
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As can be understood from the above description, right at the beginning of the 
module the students, who worked in groups of three, were requested to make a 
decision. In various other tasks, students were required to make decisions and pro-
vide arguments for their socioscientific decisions. After that, the students are 
referred to the Israeli CF nonprofit organization where they can watch a short inter-
view with two boys and can get additional information about the disease and its 
treatment. By this point, the students begin learning about CF by suggesting ques-
tions for further learning, sharing their questions with their peers, and choosing 
together the questions for their investigation. Already in this first activity we 
encourage socioscientific reasoning (Sadler et al., 2007) and we highlight the need 
to make informed decisions that are based on social and scientific perspectives.

In the two additions we made, the hospital visit and the online interaction, we 
emphasized the opportunity to learn about CF patients’ real life dilemmas. In the 
hospital visit, the students met a young female patient who told them about her 
everyday life and her after-school activities. One anecdote this girl shared with the 
students, in an attempt to indicate her relatively good condition was that she was 
not accepted to a “make your dream come true” program for children with major 
diseases. Her dream was to visit Disney World, but she did not qualify for the 
program because her condition was not considered as major. The students met a 
social worker who provided examples to the way she and the staff present the 
disease to the patients and suggest strategies to cope with it. She also presented 
them with tensions between the everyday lives of patients and their need to get 
continuous treatment. Students met a doctor who answered their questions about 
CF, heredity, and fertility, which had emerged as a topic of particular interest 
among many of the students. In the online interaction with the CF patient, students 
had an opportunity to interact with David, an undergraduate student, about his 
social life, his sports activities, and the way he manages to study engineering, get 
treatment, and lead a normal life, as he describes it. All these activities were in 
conjunction with learning the science behind the disease and learning about other 
inherited traits.

Fig. 2.1 The opening page of the Hebrew CF module – Fund raising
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To sum up this section, in this study we explore how socioscientific issues 
 provide learning opportunities in different contexts. A socioscientific issue can be 
presented in a text format, in an oral discussion, in a TV item or program, in a Web 
page or through any number of other channels. The use of socioscientific issues is 
intended to highlight the complex relationships between science and economical, 
health, environmental, and social issues, and they provide students with an oppor-
tunity to deal with real and relevant dilemmas. Our project involved teaching genet-
ics in an everyday context, while engaging students in dealing with dilemmas of 
patients, parents of patients, and the general public. The students were requested to 
make decisions about social action (fundraising), about what should be done with 
such publically-raised funds, and about whether or not to try to prevent birth of sick 
babies (acting as genetic counselors), while interacting with real patients in person 
and online.

The Field Trip

Learning in out-of-school environments is common worldwide. Students get to visit 
science, natural history, and art museums. They visit zoos and have field trips to 
nature parks. There is much evidence in the research literature that out-of-school 
learning has many positive impacts on learning outcomes of various sorts 
(Bamberger & Tal, 2008; Falk & Dierking, 2000; Rennie & McClafferty, 1995, 
1996). Students learn scientific content, develop positive attitudes toward science, 
interact with each other while being engaged in learning meaningful things, and 
gain opportunities to use all senses to experience phenomena in real-contexts 
(Dillon et al., 2006). Field trips can help students to visualize and understand con-
troversial issues such as whether a wetland was dried to provide more land for 
farmers or to consider the positive and negative environmental consequences of 
farming (Tal, 2004, 2008). Field trips can also be used to enhance discourse and 
collaboration between groups in conflict. Tal and Alkaher (Tal & Alkaher, 2008, 
2010) investigated multicultural environmental activities of Jewish and Arab youth 
in nature parks in Israel. Eighth graders from different cultures who speak different 
languages learned about development vs. conservation in a nature park in the 
region. The socio-environmental conflict had significant associations with the 
greater national conflict between Israelis and Palestinians. In our view, all these 
different types of field trips promote meaningful learning by situating learning in 
authentic contexts, providing hands-on experiences, embedding those experiences 
in issues, and accounting for the sociocultural dimensions of learning.

In order to carry out the field trip, we contacted a few CF units in Israeli hospitals. 
Fortunately, we got several positive responses, which allowed us to prepare a school 
visit that included the following components: (a) meeting a social worker, a nurse, a 
physiotherapist, and a doctor; (b) visiting the treatment unit, and experiencing 
some (real) tests and exercises that CF patients need to go through; and (c) meeting 
a middle school patient and talking with her about her everyday life. Based on 
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 principles of how to carry out educational field trips (DeWitt & Storksdieck, 2008; 
Orion, 1993; Tal & Morag, 2009), the preparation for the field trip included not only 
the science and health relevant topics. The students watched a short movie which 
was available at the CF association website that presented the CF unit and the staff. 
It happened that with no intention, the girl that appeared in the movie was the same 
girl that the students met at the hospital. Special attention was given, in the prepara-
tion, to ethics, and the students discussed what would be appropriate and inappropri-
ate to ask the patients, to avoid unintended but possibly insensitive inquiries. Overall, 
the field trip lasted for 3 h. Throughout the field trip, Stella, who planned the visit, 
acted as a mediator. This function was crucial, as hospitals are not arranged for 
school visits. No one can know in advance what unexpected event could come up, 
whether the doctor will have enough time to talk with the students, whether the 
patient will be in the right mood to open-up to the students, how students will react 
to experiencing the actual tests on their own bodies, and many other possible chal-
lenges. As already mentioned, eventually, we were able to carry out all the planned 
activities, and even the young patient who was very shy at the beginning, eventually 
was very friendly and talkative and shared with students some of her life experi-
ences. In school, after the visit to the CF unit the students continued working on the 
module and were challenged to draw the family tree of the CF patient they met. After 
this range of activities, the students resumed the more general tasks of the module.

Online Interaction with a Patient

Since computers have been widely introduced into schools in the 1980s, extensive 
evidence has accumulated showing that technology-based learning environments, 
when appropriately designed, can have a great impact on student learning of science 
(Pea & Collins, 2008). As internet access became more abundant in schools, much 
energy has been put in research and design of Web-based learning environments 
(e.g. Slotta and Linn, 2009). One important added value of these environments is 
their capability to allow students to break the boundaries of the classroom, and 
extend their interaction to include, in addition to their peers and teachers, people 
around the world who can widen their horizons regarding science topics they study 
in class (Roschelle, Pea, Hoadley, Gordin, & Means, 2000). These interactions, of 
course, require careful preparation.

In the current study we decided to take advantage of the affordances of online 
environments in order to develop another version of the module that would serve as 
an alternative to the field trip. In many countries, including Israel, field trips in gen-
eral, and a sensitive fieldtrip such as the one described above, are not easy to carry 
out (Dillon et al., 2006). To make the unit applicable for other places in the world – in 
which limitations such as lack of financial support (for transportation), difficulties in 
collaboration with a nearby hospital, or incapability of hospitals to allow such visits – 
we made a design decision to provide an alternative authentic experience to 
 students. The online interaction version of the module included a forum, in which 



192 Enhancing the Authenticity of a Web-Based Module

students had an opportunity to interact with a real patient. In a pilot study of this 
 version of the module, students interacted indirectly with a nine year old boy. Due to 
his age, the interaction was indirect – the mother interacted mainly with the teacher 
(Stella), to answer the students’ questions. In an attempt to avoid possible inappropri-
ate or unethical exposure of a youth, we found a young adult – an undergraduate 
student whom we refer to as David – who was willing to collaborate with us. David 
was willing to participate in an asynchronous discussion with students within the 
WISE module, which lasted for about two weeks. He provided a brief personal back-
ground in the first posting in the forum and invited students to ask him questions. 
Each student group wrote a question in the forum. David made an effort to answer 
questions from each and every group. The questions that the students asked David 
demonstrate the various aspects they were concerned with, which include social, 
health, and scientific aspects. Examples of such questions are: “How does coping 
with the disease affect your life?“How much time per day are you occupied with 
treatment?” “Whether, and in what ways does the disease affect your social life?” 
“How did the disease develop when you turned into your teens?” “How many people 
in your family are sick?” “Are there any sick people or carriers in your family?” “Do 
you have concerns about passing the disease to your kids?” Some students continued 
with more questions, and David answered some of those as well. He told students 
about his sickness, his life history, his family, and his everyday experiences. We 
stressed that finding the right person for this work was challenging, and eventually, it 
was the CF unit personnel at the hospital who connected us with him. We also want 
to note that David suffered from depressions, due to his condition, and that he 
declared that interacting with the students was a therapeutic activity for him.

The Study

The study comprised three phases: a pilot study and two phases of the main study. 
The participants were 8–10 graders from a 6-year secondary school (grades 7–12) 
in Tel Aviv. This school serves a heterogeneous population of low to high socioeco-
nomic status. Altogether, one eighth grade, one ninth grade, and two tenth grade 
classes participated in the study. Typically, simple inheritance is taught in Israel in 
the ninth grade, but in some schools it is taught in tenth grade.

In the pilot study, we used a version of the module in which we adapted the 
original WISE Simple Inheritance module to the Israeli context. This included 
changing the framework story of the module and the associated learning tasks. The 
adaptation was based on design guidelines for educational technologies found in 
the Design Principles Data Base (Kali, 2006; Kali & Linn, 2007), and specifically, 
a design principle which calls to “connect science to personally relevant contexts” 
(Kali, Fortus, & Ronen-Fuhrmann, 2008) was used. Stella was the teacher of a 
cohort of 41 students from one ninth-grade class, who participated in the pilot 
study. With respect to data collection, at that stage we collected descriptive data 
in the form of students’ work as expressed in the “notes” function of the WISE 
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module. We also documented students’ reactions while working with the module, 
and we observed their work in small groups of 2–3 students. In addition, we used 
this phase to test our scoring rubrics and to examine and revise the open-ended 
reflection questionnaire and the Likert type feedback survey. Participating as both 
teacher and researcher, at this stage, allowed Stella, who knew her students very 
well, to identify issues that required design revisions, and to distinguish them from 
other issues related to the specific learning context. We refined the design of the 
adapted version of the Simple Inheritance module to improve usability issues. We 
also made some modifications to the scoring rubrics to make them more reliable.

The research questions that we pursued in the main study were:

 1. What were the learning characteristics of the students who learned simple inheri-
tance using the adapted Simple Inheritance module?

 2. How did the two enhancements (the hospital visit and the online interaction with 
a patient) contribute to [a] the students’ interest in genetics? [b] the understand-
ing of scientific ideas in genetics?

 3. Was there a difference between the two enhancements with respect to their 
contribution to the increase in the relevance of the module?

Following the pilot study described above, the main study included two stages: 
(a) enactment of the revised Simple Inheritance module with one class of 28 eighth 
graders (taught by Stella) to answer research question 1, and (b) enactment of the 
two additional versions of the module (basic + hospital visit and basic + online inter-
action), with two classes of tenth grade students (about 30 students each) to answer 
research questions 2 and 3.

In the next stage, two other teachers, guided by Stella, taught two tenth grade 
classes of about 30 students each, in which students had not studied genetics earlier. 
In this quasi-experimental stage, each class used the adapted module with one addi-
tion: either the hospital visit or the online interaction with the CF patient, David. 
The two classes were similar to one another in terms of student ability levels and 
female-male ratio; both were also heterogeneous with respect to student socioeco-
nomic status. The additions were randomly assigned to the two classes.

Unlike in the USA, where teaching the module takes about two weeks, in Israel, 
due to fewer science classes per week and to holidays, it took the teachers more 
than a month to complete the same number of lessons. The additional activities 
required more time – 3 h for the field trip plus a preparation activity of about one 
class period, and about two sessions for the online interaction.

Data Collection and Analysis

Data collection included:

 (a) A science-knowledge integration test, which was administered 1 week after stu-
dents completed their learning with the module. The knowledge integration test 
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that was designed to measure students’ explanations was developed by the 
 original developers in the WISE project in the USA (Benemann, 2005; Linn 
et al., 2006; Liu, Lee, Hofstetter, & Linn, 2008). Duncan (2007) revised the test 
from which we used three open-ended questions that examine students’ inte-
grated understandings of the principles of simple inheritance (see Appendix 1). 
To this test, we added another complex question that required students to apply 
their knowledge to a typical situation in Israel, in which many families of CF 
patients are uncertain about whether their ancestors had the disease as many 
large families were exterminated during the Holocaust.

 (b) A feedback questionnaire that included two parts: six Likert type questions with 
four possible answers and two open-ended reflection questions (see appendix 2).

 (c) The answers of the students to the written tasks in the module.
 (d) Observation data collected throughout the four enactments of the adapted 

Simple Inheritance module.
 (e) Evidence from students’ work in the module; for example, to assess student 

engagement, we used the question about their tendency to participate in fund-
raising for CF.

The knowledge integration framework was used to develop a rubric with a 0–5 
point scale to assess student responses (on the science-knowledge integration test) 
in order to identify the number of incorrect, partial, and complete connections that 
students make (Liu et al., 2008). Levels 0–2 are considered low level scores: Score 
0 indicates no response was given. Score 1 indicates that even though something is 
written, the response is off task. Responses that contain incorrect or irrelevant ideas 
or connections receive a score of 2. Levels 3–5 are considered higher level 
responses: A score of 3 means that students have relevant correct ideas, but fail to 
make connections between them. A score of 4 means the student response contains 
one basic scientifically valid connection between two ideas. A score of 5 is the 
highest score and must contain multiple valid connections between 2 or more sci-
entifically correct ideas. The scoring levels were refined by careful analysis of 
student responses, so that they were distinct enough to differentiate students’ rea-
soning, but at the same time capture all possible student ideas.

Differences between students’ outcomes in the two conditions (field trip and 
online interaction with a patient) were calculated using a T-test procedure. As we 
could not make a normal distribution assumption, we compared between students’ 
attitudes toward learning with the field trip vs. the online interaction by employing 
Mann–Whitney U test. This test is an alternative to the independent group t-test, 
when the assumption of normality or equality of variance is not met. Like other 
nonparametric tests, the Mann–Whitney test uses the ranks of the data rather than 
their raw values to calculate the statistic. In order to analyze the students’ responses 
to the open-ended questions in the module, we were influenced by the work of 
scholars who studied student argumentation in the context of socioscientific issues 
(Hodson, 1994; Jiménez-Aleixandre et al., 2000; McNeill & Krajcik, 2007; Sadler, 
2004; Sadler & Zeidler, 2004; Zohar & Nemet, 2002). We looked at students’ 
claims and their justifications. For example, for a family tree task, in which the 
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students were requested to predict which family members will carry the CF gene, 
we used the rubric presented in Table 2.1. In this task the students had to present a 
claim with respect to heredity of CF. This claim was supposed to use the evidence, 
which was their own drawing of the family tree based on given textual data. In their 
justification, they had to tie the claim and evidence.

A few examples for scoring students’ answers are:

“CF can be genetic disease since one of the ancestors of the family was sick” 
[claim-1; evidence-0 (inaccurate tree); justification-1 (partial)]

“CF is indeed genetic because in the family tree we found that descendants in the 
family have the disease in different generations”
[claim-1; evidence-1 (referring to correct family tree); justification-1 (insuffi-
cient, does not refer to both sides of the family)] 

“Yes, CF is inherited, but we don’t know in which generation it develops” [claim-1; 
evidence (tree)-1; justification-0]

“Yes, CF is inherited because you can see other two sick family members in both 
side of the family”
[claim-1; evidence-1 (correct tree); justification-2 (refers to sick people on both 
sides of the family)]

It is important to note that students created the family trees based on textual infor-
mation in order to generate evidence for supporting claims regarding CF. Given that 
they never saw such a diagram prior to this task, the task was quite sophisticated.

Outcomes

Interest and Engagement

In answer of our first research question, we found that the vast majority of the eighth 
grade students expressed interest and enjoyment regarding the WISE Simple 
Inheritance module referring to their comfort in using technology. This was indicated 

Table 2.1 Scoring rubric for the family tree task (max = 4)

Claim 0
Inaccurate claim (CF is  

not a genetic disease)

1
Accurate claim (CF is 

inherited)
Evidence 0

Uses the family tree  
diagram incorrectly

1
Referring to correct  

details in the family 
tree diagram

Reasoning 0
No attempt to explain the 

relationship between 
claim and evidence

1
Insufficient explanation

2
Provides accurate 

reasoning that ties the 
evidence to the claim
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in several ways. In the open-ended reflection question of the feedback questionnaire, 
many students noted that they preferred the “notes” function in the online module 
than writing in physical notebooks, which they usually use in biology lessons. In 
addition, several students addressed the new ideas they learned. One student, for 
example, wrote: “Working with the web-based module has enriched me with new 
knowledge. Now I know things and concepts I did not know before.” Another stu-
dent indicated: “I think computer-based learning is good, since kids are taught in a 
way they are familiar with and it is more creative and fun. I think it helps kids open 
their minds.” Other examples from students’ responses in the feedback question-
naire, indicate students’ increased interest following their learning of the module: 
“we want to learn [look] more closely on information about CF, we want to under-
stand more specifically, why this disease is more problematic than other [diseases]”; 
“all this probability thing and the looking on our ear lobes was interesting.” Only one 
student stated in the open-ended question that the module was not interesting.

In our observations, we found extensive evidence for increased interest in genet-
ics among the students. While learning from the module, many students asked the 
teachers for recommendations of websites dealing with CF in addition to those 
provided in the module. A few students who did not find satisfying answers in the 
module approached “BaShaar” – a nonprofit scientists’ organization for the Israeli 
society, that has an “ask a scientist” forum in its website.

Another piece of evidence for students’ deep engagement came from a task we 
added to the original module in an attempt to increase relevancy and encourage rea-
soning activities. In a short paragraph, we described a young couple expecting a baby. 
This couple found out that they both carry the gene for CF, which means they have a 
50% chance of having a sick child. The students were asked to “Imagine that you are 
a genetic counselor, what you would recommend to this couple?” After a short whole-
class face-to-face discussion, students were required to write their recommendations. 
We observed the students enthusiastically negotiating and debating this task. The 
variety of student answers indicated they understood the sensitivity involved. There 
were students who argued that the genetic counselor should only give the scientific 
and health information, with no recommendation regarding a particular decision. One 
group suggested that the counselor should help the couple better prepare themselves 
for the situation: “They should learn about CF, for any case, so they won’t be sur-
prised and in order to face all the challenges.” Another group suggested examining 
the fetus: “it’s 50%, so it’s a chance the baby will be healthy, but if they know it’s a 
sick baby, we would recommend an abortion.” A different group was convinced that 
the counselor should work with the couple on how to accept a sick child with love 
and provide the best possible treatment. It was hard to stop this discussion, which 
involved what the students learned as well as their personal values.

One more activity that aimed at increasing relevancy was the fundraising activity 
that served as an opening and summarizing assignment in the adapted module. In 
their responses to this task, the students expressed empathy, and referred to their 
responsibility as citizens.

After we learned about CF, we realize that the public awareness is not sufficient, so we 
would like to participate and contribute to increasing awareness (gr. 2).
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In the post-task the students were asked to provide a recommendation using the 
money raised. In their answers, the students not only addressed scientific research 
but also included better equipment and facilities for patients. They advocated for 
establishing cross country services for parents, which would make their own lives 
easier, support groups for future parents of sick babies to prepare them and help 
them in the first months, and fun activities for sick youth.

We’ll go out [to participate in fundraising] because [cf] is actually a chronic disease… it is 
important that the patient will have the best possible quality of life, and that can be 
achieved by physiotherapy and donations of people who think it’s important.

We observed not only within group discussions about the different purposes, but we 
also saw many between group discussions about this issue. Evidence from students’ 
work in the module and the observation data indicated deep engagement on the part 
of students and thoughtful group discussions that were the result of enhancing 
 relevancy and including controversies in teaching the Simple Inheritance module.

Contributions of Field Trip and Online Interaction

To answer the second and third research questions, we describe and compare the 
contribution of the two enhancements (online interaction with a patient and the visit 
to the hospital) to students’ interest and understanding of scientific ideas in genetics. 
The analysis of the open-ended responses to the question “In what way/s has the 
online interaction with David contributed to your learning of genetics in the Simple 
Inheritance module?” allowed highlighting the contribution of this addition to stu-
dents’ learning (research question 2). A few topics emerged in the students’ responses 
that elucidate this contribution. Major themes are identified below with quotes 
excerpted from questionnaires that students completed following the experience:

The ability to ask questions improves learning. “The talk with David, in the forum 
allowed me to ask him questions that interested me about how he copes with the 
disease. It helped me learn the topic.”

Learning new things. “Although his answer to my question was not very clear, he 
told us many things we did not think about so never asked about.”

Understanding the patient challenges. “Talking with David helped me realize what 
these people go through every day.”

The responses to the same question that addressed the field trip provided stronger 
evidence for the field trip supporting meaningful learning and in general, were 
more clearly articulated. The topics that emerged were:

Complementarity. “Learning through the CF module and the field trip comple-
mented each other, because things that were in the module were not in the field trip. 
Both were interesting and contributed.”

Meaningful learning. “I learned some background about the disease, which helped 
me understand the topic. When I wrote my answers in the module, I wasn’t sure, 
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but when I went back to the module after the hospital visit, it was more interesting 
and I better understood”; “No doubt, the hospital visit helped me learning. The 
presentation of Diana (the social worker) provided many details on the disease and 
how kids cope with it in their daily lives. The meeting with the sick girl - it certainly 
helped me to prepare for the test.”

Relevancy. “I have two sick friends with CF. Through learning with the module, 
the field trip and the staff’s presentation, I now understand what happens in the 
disease and what the patients go through every day. While we can do everything we 
want, they have to do inhalations, eat enzymes…”; “Being there at the hospital and 
observing the daily routine certainly clarified the stuff. The presentation and the 
questions we asked summarized the topic perfectly.”

While the students who were engaged in the online interaction addressed mainly 
affective contributions, the students who visited the hospital referred to deeper 
learning and understanding, as well as to affective contribution of the visit. 
Moreover, they better connected the out-of-school experience to learning with the 
module. An analysis of the contribution of the two additions to student learning, as 
reflected in the sophistication of their responses is presented in Table 2.2.

Table 2.2 indicates that the hospital visit was better perceived as a contribution 
to the students’ learning than the online interaction. The vast majority of the stu-
dents who visited the hospital provided detailed arguments for why and how the 
visit helped them learn genetics. The “interaction students” addressed mainly affec-
tive aspects in their responses, and more than one-third acknowledged the contribu-
tion of the online interaction to their learning only to a limited extent.

As indicated, another way in which we analyzed student engagement was 
exploring a question about the students’ tendency to participate in fundraising 
efforts for CF. Students worked in groups to negotiate this issue, and our analysis 
focuses on social responsibility, acquired knowledge, and affect. Table 2.3 presents 
the classification to the three justification levels described above.

Prior to learning the Simple Inheritance module, 8 groups out of 18 gave poorly 
justified answer to the question posed compared to 4 groups that gave such an 
answer at the end of the module. Only 1 group provided a response characterized 
by the highest level of complexity at the beginning compared to 5 groups that pro-
vided a well-established response at the end. More groups of students who visited 
the hospital provided the highest level of responses than the students who partici-
pated in the online interaction. These responses incorporated statements about what 
they learned or/and what they felt about taking part in fundraising. This is another 
evidence for stronger effect of the field trip.

Knowledge Acquisition

As noted above, student knowledge acquisition was assessed by: (a) the knowl-
edge integration test developed by the WISE group at Berkeley, (b) another open-
ended item that we added to this test (item 4), and (c) analysis of the responses 
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to questions that students answered using “notes” in the Simple Inheritance 
 module. In this section, we present the outcomes from the analysis of these three 
data sources.

Knowledge Integration Test

Figure 2.2 shows students’ responses to items 1–3 in the test. As can be seen from 
Fig. 2.2, the differences between the online interaction group and the field trip group 
were not large in magnitude. The differences were not statistically significant.

The additional question developed for the Israeli version of the knowledge inte-
gration test (item 4), required students to suggest why many CF patients in Israel 
have difficulties in identifying members from their larger families who had CF in 
the past. The complete answer to this question could include a few possible reasons: 
In past generations, especially in underdeveloped countries where many of the Jews 
lived, it was common for individuals not to know the accurate reasons for why 
death occurred at early ages. In particular, with the case of CF, many deaths were 
attributed to pneumonia and other infections. Being a recessive disease, it was also 
possible that there was only evidence of carriers (and no evidence of diseased indi-
viduals) in the immediate past generations of a family. A third possible reason for 
this lack of knowledge can be attributed to the Holocaust. Many family lineages 
were almost extinct and in general, the ability to know the life circumstances of 
ancestors is limited. The main themes that emerged from the analysis of students’ 
answers to question 4, with respect to the reasons for the scarce knowledge base 

Table 2.3 Justifications for fundraising activity

Justification Example

Frequency

Online interaction Field trip (N = 10)

Pre (N = 8) Post (N = 6) Pre Post

Unjustified generic 
response

Yes, we agree to 
participate (in  
the fundraising 
program) in our  
free time

2 (25%) 3 (50%) 6 (60%) 1 (10%)

Justified response 
supported by sense 
of responsibility 
expression of 
feelings OR acquired 
knowledge

Yes, we will  
participate, as  
we understand  
how severe the 
disease is

6 (75%) 2 (33%) 3 (30%) 5 (50%)

Justified response 
supported by sense 
of responsibility that 
addressed acquired 
knowledge AND 
affect

Yes, it’s important for  
us to save lives, and 
now we care much 
more, because we 
know about CF 
symptoms

0 1 (17%) 1 (10%) 4 (40%)
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about sick relatives of CF patients were: (a) insufficient awareness of the disease 
and lack of advanced technological means in the past for diagnosis and treatment, 
(b) low probability of having the disease, and (c) insufficient family background 
information due to the Holocaust (although this response was only offered by one 
student). Interestingly, the distribution of students’ answers, as presented in 
Table 2.4, indicates more genetics-based justifications from the online interaction 
students (55%) in contrast to more justifications related to technology, diagnosis, 
and awareness brought up by the field trip students (55%). In other words, while 
the majority of the online interaction students based their answers on the scientific 
aspect, the majority of the field trip students founded their answers on the social-
technological aspect. Additionally, Table 2.4 shows that irrelevant answers were 
provided by more field-trip students than by online interaction students.

Simple Inheritance Module Notes

One example of the Simple Inheritance module tasks was the family tree task, in 
which students had to predict how a sick child “got” the disease. The categories we 
employed (Table 2.1) were: (a) claim (wrong/correct); (b) evidence (correct /incor-
rect tree); (c) justification (explaining the claim based on the information from the 
family tree). Table 2.5 presents the distribution of responses of the groups of stu-
dents who studied with the two enhancements. The maximum points available for 
each group was 4, and the number of groups was eight in the online interaction 
version and 10 in the field trip.

Fig. 2.2 Scores of the test items (max = 5)
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The distribution of the answers shows some advantage to the field trip students 
with more groups providing accurate claims, suggesting correct family trees as 
evidence and more groups justifying the claims with the tree-evidence. Outcomes 
of multiple choice items, embedded within the module that enabled us to assess 
students’ understanding of the concepts of genotype/phenotype and recessive/
dominant genes revealed no difference between the two enhancements. Overall, 
using all the data available to us, there seems to be no significant gap between the 
performances of the online interaction group and the field trip groups regarding 
knowledge acquisition.

Student Attitudes

Comparison between students’ attitudes toward learning with the module with each 
of the two additional components was carried out by employing Mann–Whitney’s 
U test. The results are presented in Fig. 2.2; the term “addition” in the figure refers 
to each of the two additions: the online interaction or the field trip.

Table 2.4 Answers to the Israeli-context item about history of CF patients

Type of response

Online  
interaction 
(N = 22)

Field trip 
(N = 29) Examples

Difficulties in  
diagnosis and poor 
technology; lack  
of knowledge about 
the disease

9 (41%) 16 (55%) •	 There	was	no	awareness	to	the	disease	
and no treatments

•	 People	died	at	early	age	of	various	reasons	
including CF with no distinction

•	 Many	Ashkenazy	families	were	
exterminated in the Holocaust, so no one 
really knows

Probability of having  
sick people is low; 
more people being 
carriers than sick

12 (55%) 8 (28%) •	 Probably,	in	past	generations	in	these	
families there were only carriers

•	 As	the	probability	(to	be	sick)	is	not	high,	
because it’s a recessive trait, the disease 
did not express

•	 The	disease	was	not	known	then,	so
•	 people	were	not	diagnosed	properly,	 

and their death was attributed to 
something else

Not relevant 1 (4%) 5 (17%)

Table 2.5 Distribution of the answers to the family tree task

Claim Evidence Justification

Rank 0 1 0 1 0 1 2

Online interaction (N = 8) 3.375 5.625 4.5 4.5 30.375 1.125 4.5
Field trip (N = 10) 2.2 8.8 2.2 8.8 1.1 5.5 4.4
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Figure 2.3 shows that in most items, field trip students expressed attitudes that 
were significantly more positive toward the module than the online interaction 
students.

A brief summary of our findings shows that: (a) the adapted module, even with-
out the additions, created interest and motivation among students to learn about 
genetics, (b) the field trip addition was more productive than the online interaction 
addition in enhancing student interest and self-viewed learning, and (c) no differ-
ences were found in students’ knowledge acquisition as measured by the test and 
the module tasks when learning with the modules with each of the two additions.

Discussion

The findings described above show that the design of the adapted module, even 
without the additions of the field trip and the online interaction with a patient, was 
successful in getting students interested in understanding the science behind the CF 
disease. The findings indicate that features in the project, such as incorporating the 
real story of Shefa, involving students in making decisions (even though these were 
fictitious decisions) about whether they would participate in a fundraising program, 
or what they would recommend to a family confronted with the possibility of hav-
ing a baby afflicted with CF were crucial in getting students engaged and promot-
ing their interest in understanding genetics.

Fig. 2.3 The students’ attitudes toward learning with the online interaction and the hospital 
field trip
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Relating science to personally relevant contexts is a well-known instructional 
strategy for designing learning environments that can make science accessible 
(see for example Duschl, Schwiengruber & Shouse, 2007; Linn, Davis, & Bell, 
2004; Kali et al., 2008). In fact, the design of both the original module and the 
adaptations introduced into the module for the Israeli audience described in this 
chapter, were based on this design principle. This design principle is very much 
in line with some of our previous work, in which we aimed at increasing student 
engagement in science by developing learning materials, which were based on 
STS ideas and incorporated a variety of socioscientific issues about genetics, and 
the Mediterranean coast environment (Dori et al., 2003; Tal & Kedmi, 2006). 
Nevertheless, we view the contribution of the current study, in enabling a critical 
analysis of means for enhancing authenticity. By comparing what students 
thought of their learning with each of the additions to the module that were 
designed to increase authenticity, we were able to closely investigate what it is 
that makes successful or less successful means of increasing authenticity. We 
would like to stress that we do not view this comparison as one that would enable 
us to say that either field trips or online interactions are superior means of increas-
ing authenticity. This would be an oversimplification of our findings. Rather, we 
take a design stance (see for example Kali & Linn, 2007) to make sense of our 
findings. Since we have two designs, the field trip-enhanced module and the 
online interaction-enhanced module; the first which elicited a higher degree of 
interest and engagement among students than the latter, we can identify important 
design elements that support science learning in socioscientific contexts. In the 
next sections we elaborate on these design elements.

Diversified Interactions

As described above, during the field trip, students had an opportunity to interact not 
only with a CF patient, but also with a social worker, a nurse, a physiotherapist, and 
a doctor, and to experience real tests and exercises that CF patients need to go 
through. The online interaction on the other hand, was limited to interaction with 
David, the CF patient. We assume that the diversified interactions in the field-trip 
enhancement were highly important in providing students with a holistic under-
standing of this socioscientific issue, and thus, brought to increased authenticity. 
This assumption is based on several findings: (a) answers to the open-ended ques-
tion provided by the field trip students, which indicated a stronger connection to the 
genetics contents than those provided by online interaction students, (b) the hospi-
tal visit that was better perceived as a contribution to the students’ learning than the 
online interaction (Table 2.2), and (c) the stronger, and more content-related justi-
fications that field trip students provided in the fundraising activity (Table 2.3). An 
improved design can definitely include such diversification, even when constrained 
to a web-based module. We suggest that adding relevant clips to the online environ-
ment (such as clips of practitioners or practices in the field), with prompts for 
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reflection or discussion, can provide students with additional aspects and a broader 
picture of the topic they are exploring, and also to capture a bit of the authenticity 
of a field trip.

Live Communication

During the field trip, students were able to communicate with all the people 
described above in real life. Such social interactions are advocated in the infor-
mal science education literature (see for example Ash, 2004; Bamberger & Tal, 
2008; Schauble et al., 2002). Asynchronous discussions have the advantage of 
enabling students to carefully articulate their thoughts, and to reflect before 
replying. This is definitely an added value in many curricular settings (Hoadley 
& Linn, 2000). However, based on the same findings indicated in the diversified 
interactions design elements, it seems that in the particular setting of the current 
study, and perhaps in other SSI, when one of the goals is to engage students 
emotionally, the disadvantages of asynchronous discussions, which lack the 
dynamics, the body language, and the liveliness of a face-to-face discussion, are 
more dominant. An improved design in a technology-enhanced solution, could 
take advantage of synchronous meetings with people in the field, preferably with 
audio and video.

Time on Task

The field trip, which was a half-day event, and was preceded by a preparation in 
class (DeWitt & Storksdieck, 2008; Orion & Hofstein, 1994), required more time 
than the online interaction, which took place in about two teaching sessions (of 
50 min each). Although this might sound obvious, in an atmosphere in which 
schools are pressed by high stakes measures, teachers are discouraged from devot-
ing time to topics that are not included in the core curriculum or face too many 
organizational challenges (Dillon et al., 2006; Tal, 2008). We find it important to 
note that productive socioscientific activities can be time-consuming. When stu-
dents spend more time on getting to know the details of a real-world problem, they 
have the opportunity to perceive the complexities involved, and get a realistic sense 
of the scope of the problem they are studying.

Another interesting finding of this study is that although there was a significant 
difference between the way students in the two groups (fieldtrip and online interac-
tion) perceived their learning with the module, there was no difference in their 
knowledge acquisition. However, even though a connection between student inter-
est and knowledge acquisition was not found in the current study, it does not mean 
that such a connection does not exist. We believe that when students are more 
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interested and engaged, they will explore the problem that they are studying in 
greater depth. If they are scaffolded properly, there is a greater possibility that they 
will develop the mental connections required for understanding complex science, 
and integrate the pieces of knowledge to a coherent and integrated understanding 
(Blumenfeld, Marx, Patrick, & Krajcik, 1997; Roseman, Linn, & Koppal, 2008; 
Singer, Marx, Krajcik, & Clay Chambers, 2000; Solomon & Thomas, 1999). One 
explanation to the lack of such a connection in the current study, is that in both 
cases, student interest and engagement were high (they were high even before we 
added the field trip and online interaction enhancements). Perhaps the difference in 
interest found between the two enhancements was not large enough to show a dif-
ference in their knowledge acquisition. Another possible reason for not finding this 
difference can be attributed to timing of the field trip. Orion (1993) argues that in 
order to get the maximum effect on learning, the field trip should be carried out at 
the beginning stages of the learning unit. However, due to organizational con-
straints, we were able to carry out the field trip only toward the end of the unit. In 
any case, we would like to stress that we view the goal of enhancing student interest 
not only as means for supporting their understanding of complex topics but also as 
an educational goal per-se, especially when socioscientific issues are involved. The 
literature shows that learning socioscientific issues contribute to the development 
of a wide range of higher order thinking skills (not necessarily those we assessed 
in the current study), promote learning of the nature of science, and encourage good 
citizenship (Dori et al., 2003; Ratcliffe & Grace, 2003; Sadler & Zeidler, 2004, 
2005; Tal & Kedmi, 2006; Zeidler & Sadler, 2008).

The three design components articulated in this study, together with the design 
principle “Connect to personally relevant contexts” (Krajcik, Slotta, McNeill, & 
Reiser, 2008), which served as a basis of the design of the Simple Inheritance mod-
ule, are crucial for designing science instruction in the context of socioscientific 
issues. That said, we would like to stress that we view the educational field trip 
itself, as an instructional strategy, which serves as excellent means to support the 
instruction of socioscientific issues. We would like to encourage educators to make 
the effort involved in having students augment the learning that occurs in class with 
outdoor experiences. However, we are also aware of difficulties involved in taking 
students to educational field trips. Thus, we recommend educators to take advan-
tage of online authoring environments, such as WISE and others, in order to design 
productive online teaching activities for socioscientific issues that build on the 
design components identified in the current study.
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Appendix 1. The Knowledge Questionnaire

1a. Sarah and Michael are going to have a baby. Both of them are completely 
healthy, but they know that Sarah’s dad (the baby’s grandfather) has a genetic 
disease called cystic fibrosis, which affects the lungs. Should they be worried 
about their child being born with cystic fibrosis?

(Choose one)  ____Yes   ____No

1b. List two pieces of information you need in order to accurately predict the 
chances that Sarah and Michael will have a child with cystic fibrosis?

2. There are two main phenotypes (physical appearance) for the trait for hairline, 
which is a genetically inherited characteristic:

 Or 

Look at the family tree below; is it possible for two parents with widow’s peaks 
to have a child with a straight hairline? Explain why or why not.

3a. Some humans have a trait (characteristic) for curling their tongues. You observe 
that a mother and father can curl their tongues, but their child cannot. Which of 
the traits below is the dominant trait?

 

(Choose one) ____Tongue-Curling Ability ___No Tongue-Curling Ability

Please explain how you determined this.

3b. What is the probability that these parents will have a child that will have the 
tongue-curling ability?
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Explain how you got your answer.

In the SI module you got to know a few CF patients. According to the information 
that X gave, he is the only person in his large family known to have CF. Today, in 
Israel, in most families of CF patients no one knows about sick relatives in previous 
generations. Can you suggest a reason for that?
---------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------
--------------------------------------------------------

Appendix 2. Attitude Survey

Do not 
agree  
at all

Not agree  
to some 
extent

Agree  
to some 
extent

Fully  
agree Comments

Learning with the SI module was 
interesting

The field trip a to the hospital was 
interesting

The field trip made me learn about  
other inherited diseases

Talking with the patient made me  
interested in how traits are being 
inherited

I was interested in genetics even without 
the visit to the hospital

aIn the online interaction version, the words field trip were switched by “the online interaction”

Did the visit to the CF unit at the hospital, meeting with the patient and the staff 
contributed to your learning of genetics in addition to the SI module?
---------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------
--------------------------------------------------------

Please write any feedback or comment about the SI module and your own work
---------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------
--------------------------------------------------------
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Comparing Issue-Based Movements

Sadler: To begin this chapter, the authors discuss the socio-scientific issues (SSI) 
movement in terms of related approaches to the contextualization of science educa-
tion in issues that matter to students, teachers, and the broader population. They 
highlight relationships between SSI and the Science-Technology-Society (STS) 
movement and discuss different ways in which the movements overlap and share 
consistency: “The essence of all these ideas [SSI, STS, and other approaches that 
promote progressive visions of scientific literacy] is that the science content should 
be situated in real, important and often—controversial issues that gain the public’s 
interest” (p. 1). Later in the introduction, the authors extend the links between STS 
and SSI to include Education for Sustainability and Environmental Education. 
Historically, many of the issues addressed in Environmental Education (EE) are 
also issues featured within STS and SSI approaches. For instance, issues related to 
water pollution and quality fit easily into curricula labeled as EE or SSI. However, 
I see the purpose of a SSI-oriented curriculum and an EE-oriented curriculum as 
being significantly different. An SSI approach supports the development of indi-
vidual learners and emergent communities of learners in terms of decision-making, 
participation in democratic processes, and reasoning. The focus is on student devel-
opment and not on the promotion of a particular point of view or orientation. An 
EE approach may support similar processes but does so toward a desired result, that 
is, proenvironment attitudes and behaviors.
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Writing in the recent Handbook of Research on Science Education, Hart (2007) 
quotes from international conferences, which helped to establish EE, in defining the 
goals of environmental education:

 1. To foster clear awareness of, and concern about, economic, social, political, and 
ecological inter-dependence in urban and rural areas.

 2. To provide every person with opportunities to acquire the knowledge, values, atti-
tudes, commitment, and skills needed to protect and improve the environment.

 3. To create new patterns of behavior of individuals, groups, and society as a whole, 
towards the environment (UNESCO, 1977).

In my view, a legitimate outcome of a successful SSI-based learning opportunity 
may be development of ideas that are not consistent with proenvironmental atti-
tudes and behaviors. For instance, in Chap. 5 of this volume, my coauthors and I 
present a SSI-based unit on global climate change. The measure of success of this 
unit was related to how students understood the issue of climate change, were able 
to think about the scientific data and ideas featured within the climate change 
debate, and considered the social dimensions of the issue including politics and 
economics. It was perfectly reasonable for students to participate in the unit and 
emerge with ideas not supportive of reductions in greenhouse gas emissions. An EE 
climate change curriculum framework would very likely have a goal of student 
development of attitudes and behaviors to combat climate change.

Whereas EE has a long history, Education for Sustainability (EfS) is a much 
more recent development and represents a seemingly rapidly growing movement 
within education. Based on my limited experience with EfS, it strikes me that it 
shares many commonalities with EE including a set of normative prescriptions for 
learner attitudes and behaviors, which seems to be somewhat at odds with a SSI 
approach. I wonder if others agree with these distinctions or conceptualize the 
relationships among these different movements in different ways.

Tal: I totally agree that SSI and EE are not identical, but they are different not only 
because of the end goals that Sadler highlighted. What we meant in the introduction 
to Chap. 2 was that there are several important commonalities between SSI, STS, 
and EE in terms of critical thinking, using real life issues and controversies as 
teaching contexts, promoting citizen’s involvement, and preparing students to take 
part in democratic decision-making. Sadler reminds us the traditional goals of EE 
that were formulated in major international conferences in the 1970s. However, the 
EE literature, especially from the 1990s and onward, extensively discusses the ten-
sion between the former behaviorist goals of early versions of EE and more affec-
tive goals that are related to personal transformation of the learner. The EE literature 
gives voice to various streams that highlight different emphases of EE. Lucie Sauve 
(2005), for example, maps 15 currents in EE. One of these currents focuses on 
cognitive goals such as developing systems thinking, problem solving, and 
 decision-making capabilities. Another focuses on action competence and learning 
by doing and another is related to developing a sense of appreciation for nature, art, 
and humanistic thinking. Thus, the main difference between EE as whole and SSI 
is that EE has many more noncognitive goals. While looking at the more 
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 cognitive-oriented currents, I find many similarities between SSI, STS, and EE. 
Given these overlaps, scholars in the 1990s proposed integrating EE and STS 
suggesting the acronyms science, technology, environment, society (STES) (Zoller, 
1991) and Science-Technology-Society-Environment (STSE) (Hodson, 2003). 
These scholars pointed to some of the similarities between scientific literacy, 
 environmental literacy, and science education for future citizens:

[t]he broadening conception of STS to include environmental education (STS becomes 
STSE), extending the definition of scientific literacy to encompass a measure of political 
literacy, prioritizing the affective, and making much greater use of informal and commu-
nity-based learning opportunities (Hodson, 2003, p. 648).

Therefore, the point we wanted to make in our introduction was that teaching socio-
scientific issues is congruent with many ideas in EE as well.

Enhancing Authenticity and Interest

Wong: I am particularly interested in the favorable impact of the field trip on 
 students’ attitudes toward the module as compared to the online interactions and 
how educators might enhance online experiences such that they become more effec-
tive. Maximizing effects of online experiences may help address issues related to the 
logistics of organizing field trips to special centers or organizations, organizational 
challenges, and limited class time. These issues are particularly serious in the East 
where average class size is 40 or more. The authors’ suggestion to enrich the online 
environment with diversified interaction and enhance authenticity by including clips 
of practitioners or practices in the field is an excellent starting place. In my chapter 
(Chap. 14 in this volume), we discuss the SARS case as a means of teaching about 
NOS and critical analysis of SSI. I found incorporating of video clips of experts, 
including medical doctors and scientists, talking about their experiences during the 
SARS outbreak did captivate learners’ attention and enhance the authenticity of the 
SSI under discussion. I also found that resources involving people that the students 
knew (e.g. interviews that I  conducted) generated more interest.

As I reflected on the chapter and my own experiences, I thought of a new model 
for integrating field trips and student projects that I would like to share here. Below 
I offer a brief outline of the model and invite feedback:

 (a) Draw up a list of science topics in the curriculum and relevant field trip sites for 
the topics (e.g. topic: simple inheritance; site: CF unit at the children hospital).

 (b) Each group of students studies the science topic and develops plans for teach-
ing the key ideas to their fellow students. Groups also plan what should be 
obtained from the field trip site to enrich their teaching.

 (c) The group that works on a particular topic visits the site and collects information 
and resources (e.g. pamphlets, videos of the site, and interviews of key persons).

 (d) Student groups teach their topics to fellow students based on their field trip 
experiences.
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This approach may generate more enthusiasm and interest for students who 
 participate in field settings themselves as well as the other students who get to 
experience the visits through their peers.

Tal: Wong’s idea of having students plan and carry out field trips is very  interesting; 
although, I assume that only a small number of schools would take such an initia-
tive due to logistical challenges. There is a growing body of literature on out-of-
school learning that identifies the many challenges teachers face while going on 
field trips (Dillon et al., 2006; Tal, 2008) despite the accumulated knowledge on 
their contribution in the cognitive, affective, and social aspects.

A couple of years ago I had the opportunity to learn a simple strategy from 
Dr. David Zandvliet from Simon Fraser University in British Columbia. In an envi-
ronmental education course for preservice teachers, David sends the students, in 
small groups, to investigate neighborhoods in Vancouver. Some of these neighbor-
hoods are affluent while others are of extreme poverty and crime. While accompa-
nying one group that wandered through homeless shelters and streets of crime, I 
listened to the prospective teachers’ ideas on how to teach future students about 
their experience. After returning to Israel, I adopted David’s idea and since then, I 
send my EE students to explore the neighborhoods of Haifa. Having used this strategy 
with three classes, I am convinced that having students share and reflect on these 
experiences has a great value in enhancing interest and learning. I therefore agree 
that sending out students to explore relevant out-of-school learning environments is 
a good idea that hopefully can be achieved by certain schools.

Wong: Although you did not find significant difference in students’ knowledge 
acquisition as measured by the test and the module tasks, the qualitative data pro-
vided in Table 2.2 convincingly reveal that the field trip group had deeper learning 
and understanding of the disease (cystic fibrosis) than the general understanding of 
genetic disease as tested by the test and tasks. I suspect that such deeper under-
standing might also have indirectly resulted in more justified responses related to 
affective reasons for their tendency to participate in fundraising efforts for CF as 
revealed in Table 2.3. This inference is based on the following observations:

 (a) Several students from the online interaction group (19%) suggested that David 
did not help them in understanding genetics but there were no similar responses 
from the field trip group.

 (b) The frequency of positive responses from the field trip group (96%) regarding 
their learning was considerably higher than that of the online interaction group 
(63%). Such a difference in response rate supported the qualitative data which 
suggested that the hospital presentation was very helpful for their learning. 
Also, the more students knew about the disease, the more they wanted to learn 
about it.

 (c) If we focus on the online interaction group and the field trip group separately in 
Table 2.3, the picture of the online interaction group was disappointing. The 
number of groups with unjustified generic response increased from two to 
three. The number of groups with justified responses supported by sense of 
responsibility, expression of feelings or acquired knowledge fell from six to two. 
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Such changes could hardly be compensated by having just one group achieve a 
response characterized by the highest level of complexity.

 (d) A possible reason that students in the online version did not find the interaction 
with a patient helpful in enhancing their interest as much as the field trip group 
might be related to the fact that online interaction is not novel for most students. 
Most students engage in various online interactions (e.g. Facebook, Twitter, 
Skype, etc.) on very frequent bases, so they may not have perceived as much 
interest in the online interaction because it is something they regularly do.

It might also be revealing to conduct in-depth interview with students from the 
groups with decreased complexity in their justifications regarding fundraising 
activities. This may reveal factors associated with the online interaction that might 
have negatively impacted the level of justifications for or against the fundraising 
activity. Avoiding negative factors is arguably as important as introducing positive 
components in achieving the intended learning outcomes.

Tal: I agree that there is enough data to support a claim that the hospital visit had 
greater contributions not only in the affective domain but in the cognitive as well. 
Wong’s idea that students who use virtual interactions of various sorts in their daily 
lives will benefit less from online interaction makes much sense. Taking into 
account the reduced number of field trips, we need to distinguish between the 
online interactions we intend to develop from the students’ already known interac-
tions. It is true that we did not invest in the design of the online interaction as we 
did with the module itself. We believed that talking with a real patient would pro-
mote learning by itself. As Wong noticed, in the more straightforward test items we 
did not find a difference between the groups, but in a more refined analysis, there 
is enough evidence to support the claim that the field trip created better conditions 
for meaningful learning.
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The goals for our research related to socio-scientific issues (SSI) have always been 
related to the promotion of scientific literacy (see Chap. 1) and the improvement of 
science learning experiences. However, the work has not always been centrally situ-
ated in classroom environments. For much of our early research, we explored stu-
dents’ moral perspectives (Sadler & Zeidler, 2004), reasoning (Sadler & Zeidler, 
2005), understandings of science (Sadler & Fowler, 2006), and argumentation 
(Sadler & Donnelly, 2006) related to SSI in contexts not necessarily connected to 
students’ experiences in science classrooms or other learning environments. We 
were interested in building an empirical understanding of how science learners 
made sense of complicated socio-scientific dilemmas, how they made decisions 
about these issues, and what factors influenced their thinking practices. We engaged 
students in reasoning and argumentation collecting data through interviews and 
instruments, but did not explore classroom practices or the possible effects of inter-
vening in learning environments. In an attempt to advance the SSI research agenda 
and create stronger connections among theory, research, and practice we began 
working on projects situated in science classrooms.

To make this shift, we started to work on a large classroom-based research project 
focused on the implementation and study of a technology-based educational inno-
vation. The centerpiece of the project was a multi-user virtual environment (MUVE) 
designed with contemporary gaming principles. The innovative teaching and learn-
ing technology, known as Quest Atlantis, provided opportunities for middle school 
learners to engage in critical thinking and explore content in several different aca-
demic areas (Barab et al., 2007). Within the MUVE, players could immerse them-
selves in different “worlds” each of which had unique curricular goals. One of these 
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worlds placed students in a virtual park. The park rangers, charged with managing 
the park and balancing the health of the natural environment as well as the needs of 
several different groups of park patrons, enlisted the student players to investigate 
and propose courses of action to address the deteriorating health of a river flowing 
through the park. Various groups of park patrons relied on the river and its fish 
populations but these groups used the resources in different ways, impacted the 
health of the river in different ways, and had very different perspectives on preserv-
ing the resource. In short, this learning environment placed students in the midst of 
an unfolding SSI.

Our research efforts associated with Quest Atlantis involved case studies of class-
room implementation including analyses of science content learning (Barab, Sadler, 
Heiselt, Hickey, & Zuiker, 2007). We also explored ways in which students concep-
tualized novel SSI and the extent to which learners transferred understandings and 
practices developed in the context of one socio-scientific issue to other issues 
(Sadler, Barab, & Scott, 2007). As a means of framing transfer relative to SSI, we 
proposed a new construct, socio-scientific reasoning. Socio-scientific reasoning 
(SSR) was designed to capture the practices in which citizens can be expected to 
engage across multiple SSI. That is, socio-scientific reasoning was developed as a 
means of understanding student practices relative to the invariant features of SSI. 
(We will take up this topic in greater detail in a later section of the chapter.)

The Quest Atlantis findings certainly informed use of SSI by teachers and learn-
ers, but the research generated as many questions as it did answers. One important 
question for us related to the technology platform used to frame the curriculum. 
Quest Atlantis was a powerful teaching and learning environment, but the vast 
majority of secondary science classes were not well positioned in terms of using 
this kind of innovation. Therefore, we became interested in studying the implemen-
tation of SSI-based learning experiences in the context of classroom environments 
and resources that were more typical of today’s schools.

Based on these experiences and the questions that they generated for us, we 
developed a new classroom-based study of the implementation of SSI-based curricu-
lum and instruction. We initiated this new study, which serves as the focus of the 
current chapter, by first developing partnerships with two local high school science 
teachers. Based on assessments of the teachers’ needs and interests as well as our 
goals for the overall project (to be discussed in the next section), we collaboratively 
decided that global climate change would serve as the SSI focal point for the project. 
As a part of the project, we created new curriculum and assessment tools for sup-
porting teaching and learning in the context of SSI. The project became known as 
the Curriculum and Assessment Tools for Socio-scientific Inquiry (CATSI) project.

Project Goals

We had four goals for the CATSI project: (1) Design and implement a SSI-based 
curriculum in partnership with local teachers to meet the specific needs of these 
teachers and their students. (2) Develop an understanding of the implementation of 
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SSI-based instruction from an up-close perspective (i.e., from within the classroom 
as the learning experience unfolded). (3) Investigate how SSI-based instruction 
supports (or fails to support) student development of scientific content knowledge. 
(4) Extend previous work on socio-scientific reasoning through the exploration of 
how students may improve their SSR and experimentation with new SSR assessment 
strategies.

For the CATSI project, we were interested in creating materials and tools 
designed to meet the specific needs of our teacher partners. One of the consistent 
limitations cited by teachers interested in enacting educational innovations, particu-
larly SSI-based instruction, was a lack of useful materials (Cross & Price, 1996; 
Lumpe, Haney, & Czerniak, 1998; Sadler, Amirshokoohi, Kazempour, & Allspaw, 
2006). Teachers often concluded that textbooks and other curricular materials did 
not meet the needs and/or interests of their students. Teachers also expressed skepti-
cism regarding the extent to which curricula and specific learning activities embed-
ded within these curricula could be enacted in their teaching contexts whether it be 
because of a lack of appropriate facilities, materials, funds or other context-dependent 
issues (Bryce & Gray, 2004). For these reasons, we chose to initiate teacher 
collaborations at the outset of the project in order to involve them in the design 
process with the goal of creating materials geared specifically for their use.

Our goals included not only the design of materials with collaborating teachers but 
also the study of classroom enactment of these materials. We took advantage of the 
working relationships that we had developed with the partnering teachers in order to 
gain an intimate vantage point from which to observe the implementation of SSI-
based instruction. We sought to build understandings of how instructional materials 
built around socio-scientific themes would be used in classrooms with an eye toward 
distinctions between the intended curriculum, as shaped by our perspectives as 
designers and researchers, and the enacted curriculum as it unfolded in actual class-
rooms. By attending to these issues, we wanted to better understand how local con-
texts influenced the use of and results associated with SSI-based instruction.

Our third goal for the project related to the use of SSI-based instruction as a 
means of developing student understandings of science content. Researchers and 
educators have frequently cited the potential for using SSI as a means of providing 
meaningful contexts for learning science content knowledge (Cajas, 1999; Kolstø, 
2001; Zeidler, Walker, Ackett, & Simmons, 2002). These authors (and others) have 
argued that SSI offered situations that connect science to the lived experience of 
learners thereby providing an impetus to understand the underlying science. 
Findings from studies of SSI have provided some initial support for the proposed 
link between SSI and the learning of science content (Barber, 2001; Zohar & 
Nemet, 2002). These studies documented content learning through comparison of 
postintervention assessments from students participating in SSI intervention classes 
and comparison classes. A possible critique of these studies was the lack of prein-
tervention data that could have established the equivalency of groups and the 
change within groups. Other studies employed pre/posttest designs to document 
learning gains in the context of SSI (Dori, Tal, & Tsaushu, 2003; Yager, Lim, & 
Yager, 2006). These studies provided evidence of learning, but it was important to 
note that the assessments used directly aligned with the SSI intervention. In the 
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CATSI project, we aimed to examine content knowledge gains related to the SSI 
but also to the scientific generalizations that can be abstracted beyond the specific 
context of a particular SSI. In order to achieve this end, we adopted a multilevel 
assessment framework in which we created assessments at variable “distances” 
from the curriculum (Ruiz-Primo, Shavelson, Hamilton, & Klein, 2002; this 
approach will be discussed in greater detail in a later section). Using these tools we 
sought to develop a more nuanced understanding of how SSI-based instruction sup-
ported student development of science content knowledge.

The final project goal was to further explore socio-scientific reasoning as a mea-
surable construct for use in teaching and research contexts. As referenced above, 
we introduced SSR in our work on the Quest Atlantis project as a tool for concep-
tualizing student practices related to the negotiation of SSI (Sadler et al., 2007). We 
proposed four aspects of SSR that captured practices (some but not all) that are 
necessary for thoughtful negotiation and resolution of complex SSI. These SSR 
aspects included (1) recognizing the inherent complexity and multifaceted nature of 
SSI, (2) analyzing issues from multiple perspectives, (3) appreciating the need for 
ongoing inquiry relative to SSI, and (4) employing skepticism in the review of 
information presented by parties with vested interests. In the Quest Atlantis project, 
we explored SSR by engaging students in interviews during which they considered 
and discussed complex socio-scientific scenarios. In this initial work we demon-
strated that some of the SSR aspects could be measured (i.e., inquiry and complex-
ity) reliably and provided preliminary evidence that these aspects related to an 
underlying latent variable. In the CATSI project, we wanted to explore other SSR 
assessment options (noninterview based) with the aim of improving the reliability 
of measurement and to determine the extent to which students’ SSR practices could 
be improved in response to SSI-based instruction.

Setting

Before discussing issues associated with design, teaching, and research, we have 
chosen to discuss the settings in which the CATSI project was conducted. This deci-
sion was deliberate because the setting was a key determinant for decisions made 
in the design, teaching, and research. We felt it important that our work as designers 
and researchers fit well with the needs and interests of the classroom communities 
with which we worked. We prioritized classroom context in the design and imple-
mentation of the CATSI project and wanted this prioritization to be reflected here, 
in this description of the project.

We conducted the CATSI project in the science classrooms of two local schools. 
Although both schools were located fairly close to our university in the southeast-
ern United States, they were parts of distinct communities. The first school, to 
which we referred to as Fields High School, served high school learners (grades 
9–12) in a small, rural town. The second school, to which we referred to as Creek 
Academy, was a developmental research school affiliated with our university. Creek 
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Academy served students in kindergarten through senior high school (through 
grade 12) and was located in a moderate-sized city.

At Fields HS, we worked with Molly (pseudonym), a fourth year teacher who had 
spent her entire young career at Fields. During the year of the CATSI project, Molly 
taught environmental science and anatomy and physiology. Based on Molly’s rec-
ommendation and the needs of her students, we developed the CATSI project for 
implementation in the environmental science courses (three sections). The daily 
schedule at Fields HS followed a traditional format in that classes met daily in 
50-min blocks. Molly worked in a spacious classroom with separate areas for seated 
deskwork or whole-class instruction and laboratory investigations. The room was 
decorated brightly and displayed many examples of student work. Environmental 
science was a course taken primarily by 11th and 12th grade students looking to 
satisfy a science graduation requirement. Most of these students had taken an inte-
grated science course in 9th grade and a general biology course in 10th grade. 
Environmental science students tended not to take advanced, college-track science 
courses including physics and chemistry. As a generalization, most of these students 
were considered to have average to remedial academic histories. The environmental 
science students tended not to exhibit enthusiasm for studying science or future 
careers in science and most did not plan to pursue postsecondary degrees.

At Creek Academy, we worked with William (pseudonym), a fifth year chemistry 
teacher. Creek Academy employed a block schedule in which each class met on 
Mondays for 50-min and in 100-min sessions on two other days each week. William 
taught multiple sections of honors chemistry and “regular” chemistry. Given curricu-
lum constraints associated with the honors classes, we chose to implement CATSI 
with the regular chemistry classes (two). William’s classroom was also spacious 
providing enough room for individual desks and a separate laboratory area. Simply 
stated, this classroom had the look and feel of a chemistry lab. A visitor would find 
various pieces of laboratory equipment, a fume hood with solutions waiting for 
mixture or display, and an adjoining, well-stocked storeroom. The most dominant 
classroom “décor” were the three large periodic tables situated so that they could be 
seen from any position within the classroom. According to state assessment tests, 
Creek Academy was a higher performing school than Field HS and a significantly 
greater percentage of Creek graduates matriculated to universities or community 
college. The highest achieving students and those who had shown strongest aptitude 
for an interest in school science took honors chemistry. Students who chose not to 
take the honors track took the regular chemistry course that William offered during 
their 11th grade year. These chemistry classes were best described as mixed-ability. 
The school’s lower achieving students took the course along with high achieving 
students who were not particularly interested in science.

The settings in which we chose to work shared common features in that they both 
served students that were not the highest achieving science students in their schools. 
Early-career teachers interested in collaborating with university-based researchers 
led both classrooms, and the schools were geographically close. However, the class-
rooms were quite distinct in terms of subject area (environmental science and chem-
istry), schedule (traditional and modified block), and the communities served (rural 
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town and university-based city). More information pertaining to how CATSI was 
developed for use in each of these settings will be shared in the following section.

Teacher–Researcher Relationships

We approached Molly and William with proposals to collaborate on a SSI-related 
project over a year prior to the initiation of CATSI. The initial conversations related 
to a large-scale professional development project dependent on grant funding, and the 
funds were ultimately not approved. However, these conversations revealed high 
levels of interest among all parties to collaborate on a project related to SSI-based 
instruction. The following year, we submitted and were awarded a small grant to 
partner with a local teacher to develop curriculum and assessment tools for socio-
scientific inquiry, and the CATSI project was initiated. Because of the congruence 
between Molly’s teaching focus and the principal investigator’s area of expertise 
(i.e., biology education), we asked Molly to collaborate with us. At the time, Molly 
was completing an academic year teaching biology and anatomy and physiology 
with the expectation that her teaching assignment would remain the same in the 
following year. We made plans to develop the CATSI project around a unit on gene 
therapy to be featured in Molly’s biology class. Over the summer, the project team 
began developing curriculum materials and creating assessments specific to the 
gene therapy focus. A few weeks prior to the start of the new school year, admin-
istrators at Fields HS informed Molly that she would be teaching environmental 
science classes rather than biology. Suddenly the focus on gene therapy was not as 
relevant to Molly and her students. Molly was willing to work with us such that our 
initial development efforts could be included in her remaining anatomy and physi-
ology classes, but while she would have made this work for us, it was not what she 
really wanted for her classes. After reflecting on her plans and student needs, we 
collaboratively decided to shift the focus of our development efforts from gene 
therapy to global climate change. The new global climate change unit would fit 
naturally within Molly’s environmental science classes and would address science 
content that she felt was essential for her students.

In order for students to understand the issue of global climate change, it was 
important that they understand several science concepts including the particulate 
nature of gases, combustion, atmospheric composition, and energy transformation. 
Because of the heavy focus on chemistry content, we decided that it was necessary 
to bring in a chemistry educator as a part of the project team. In addition to main-
taining his classroom duties, William had begun work toward a graduate degree in 
science education at our university, so he became a natural addition to the team. 
Following an initial organizational meeting, William decided that he wanted to 
participate as a full-scale classroom collaborator and not just as an advisor to the 
project. At this point the project team consisted of a principal investigator who was 
a former biology teacher and had conducted a fair amount of research related to 
SSI, two full-time science education graduate students with a wealth of experience 
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teaching science in secondary school and college settings, and two high school science 
teachers. Another graduate student joined the project team after the curricula had 
been developed and implemented. He assisted in the analysis of data.

The project team met regularly throughout the fall semester on the design of 
curriculum. Initially, the focus of meetings related to understanding the classroom 
contexts in which this work would be situated as well as helping the teachers under-
stand our perspectives on SSI and goals for the research. As a part of this, we 
developed ideas about what our teacher partners were looking for in the collabora-
tion and what could likely be accomplished in their classrooms. We also examined 
available curriculum materials related to global climate change. Ultimately, we cre-
ated an instructional sequence that spanned approximately 15 h of class-time. 
During this timeframe, we also created assessment materials (to be described later). 
Whereas the teacher partners were intimately involved in the development of the 
curriculum materials, they played a less prominent role in the development of 
assessment instruments, which were specifically designed for research purposes as 
opposed to classroom assessment purposes.

We implemented the CATSI unit on global climate change during the middle of 
the following spring semester. This timing was determined by the classroom sched-
ules of Molly and William and the curricular flow of their classes. Implementation 
occurred in Molly’s environmental science classes first. At least one member of the 
research team (the PI and/or one of the graduate students) was present in Molly’s 
classroom over the 3-week period in which the global climate change unit was 
implemented. Molly maintained her role as the classroom leader, but the other 
research team member periodically assisted with instruction particularly when 
students completed lab experiences or computer-based exercises. Otherwise, the 
research team member observed and videotaped classes without drastically altering 
the classroom environment. The research team collaborated with William during 
his implementation of the curriculum, but we were not able to be present on a daily 
basis.

Intervention

We designed the CATSI intervention to meet the following instructional 
objectives.

As a result of participation in the CATSI unit, we expected students to

 1. Develop an understanding of what global climate change is and why various 
parties think that this is a significant issue. (Unlike some curricular efforts that 
originate from the environmental education community, we did not promote 
advocacy on any side of the global climate change debate. We did not assume a 
goal of pushing students to adopt a particular position on global climate change 
but we did intend for students to understand why different groups adopted strong 
positions on the issue).
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 2. Develop understandings of scientific principles and concepts related to global 
climate change. The scientific content that we focused on related primarily to 
chemistry and earth science including the particulate nature of gases, climate and 
temperature, atmospheric composition, and combustion as a chemical reaction.

 3. Engage in scientific practices including creating and interpreting scientific models, 
conducting inquiry-based investigations, and graphing.

 4. Develop understandings related to why global climate change is controversial 
and appreciate social factors that contribute to this controversy including eco-
nomic, political, and ethical concerns.

 5. Develop skills for finding and analyzing web-based resources related to SSI.
 6. Formulate a personal position on global climate change that is informed by sci-

entific principles and concepts as well as the students’ own perspectives on social 
factors including economics, politics, and ethics.

 7. Improve their socio-scientific reasoning practices in contexts beyond the scope 
of global climate change.

In order to achieve these objectives, we designed a 3-week unit (approximately 15 
classroom contact hours) of instruction. As discussed in the section above, we 
worked with Molly and William to design materials that would meet their specific 
needs and the needs of their students. We examined published materials and found 
exercises within the American Chemical Society’s Chemistry in the Community 
(ACS, 2006), Chem Connections (Anthony, Brauch, & Longley, 2007), and Climate 
Change published by the Lawrence Hall of Science (Sneider, Golden, & Gaylen, 
2004) to be particularly useful. Ideas gleaned from these sources were modified and 
customized such that they fit our goals and classroom contexts. We also drew on 
the expertise of the project team to create new materials to ensure that the full range 
of objectives had been met.

The resulting unit was made up of nine unique, although interconnected, lessons 
(see Table 4.1). The lessons ranged from approximately 1 h in duration to 4 h. The 
actual implementation times varied between the two classrooms. The first lesson 
introduced students to global climate change by demonstrating the presentation of 
climate change in mass media. Students also explored the personal stories of sev-
eral individuals with vastly different perspectives on the issue including a boy from 
a coal-mining region of the USA, an Inuit girl from Alaska, a US bureaucrat, a col-
lege student in the Maldives island chain, and several others. The second lesson 
engaged students in a jigsaw activity in which they explored the positions of various 
political interest groups and ultimately crafted recommendations for US policy 
related to global climate change. In the course of the first two lessons, we suggested 
that the scientific community shares general agreement (not without exceptions) 
that the earth’s climate is changing and that human activity affects these changes. 
The question of whether societies should do anything in response to these changes 
and if so, what should be done were presented as open questions for students to 
explore throughout the unit.

The next four lessons were designed to help students build understandings of the 
science underlying global climate change. In the first of these lessons, student 
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groups rotated through lab stations at which they performed a series of directed 
inquiries designed to highlight the particulate nature of matter. At the end of class, 
the teacher brought all of the students back together and presented a lecture on the 
earth’s atmosphere and synthesized the content students had seen in the lab activi-
ties particularly as it related to atmospheric conditions. The next lesson introduced 
combustion complete with an explosive demonstration. Students used ball and stick 
molecular models to simulate combustion of various fuel types. They also created 
and balanced chemical equations corresponding to their physical models. The 
teachers directed their students to carefully note variations in CO

2
 production based 

on fuel types and amounts. In the follow-up lesson, students collected various gas 
samples including exhaled breath, the product of an acid–base reaction, ambient air, 
and car exhaust; and they performed simple titrations to determine CO

2
 concentra-

tions. The teachers then led the classes through a discussion of the links among 
human activity, CO

2
 emissions, and greenhouse effects. The next lesson built on 

this introduction to greenhouse effects by having student groups create model 
greenhouses using glass jars and heat lamps. Students measured temperature 
changes over time in models with varying gas contents (ambient air, air saturated 
with water vapor, and pure CO

2
).

Following these four lab-based lessons, both teachers used a class period to help 
students review and synthesize the content that had been covered and make explicit 
connections to the overarching issue of climate change. Teachers also prompted 
students to extend their thinking about the possible consequences, both environ-
mental and societal, of climate change as well as actions proposed to stem climate 
change. In the next class period, students worked in groups to interpret a series of 
graphs displaying temperature trends, concentrations of greenhouse gases, and 
economic data. The graphs displayed trends over variable time frames and have 
been interpreted by parties with vested interests in the climate change issue in very 
different ways. Students responded to a series of prompts designed to help them 
attend to issues that can affect interpretation including graph scale and data sources. 
The final lesson, which extended over several class periods, was designed to help 
students build media and web literacy skills relative to global climate change par-
ticularly with respect to the use of Internet sources. Students completed a webquest 
that guided them through use of criteria for selecting and evaluating web-based 
media. The culminating activity for the webquest challenged students to use 
Internet resources as well as their experiences and findings throughout the unit to 
create a product promoting a particular course of action (or inaction) relative to 
climate change. In terms of products, students had freedom to choose their own 
format but were encouraged to consider creation of a website, a slide presentation, 
a poster, or narrative that would effectively communicate their intended message. 
This culminating activity challenged students to create policy positions like they 
had observed in the unit’s second lesson. The intent was to provide an opportunity 
for students to synthesize all that they had learned in the unit and articulate their 
own perspectives on global climate change.



56 T.D. Sadler et al.

Research

Research Questions

Research conducted as a part of the CATSI project related primarily to the third and 
fourth project goals (presented in a previous section). The third goal called for an 
investigation of how SSI-based instruction supports (or fails to support) student 
development of scientific content knowledge. The fourth goal related to an exten-
sion of work on socio-scientific reasoning. More specifically, we were interested in 
exploring methodological improvements for the assessment of SSR. We also 
intended to test whether SSR could be improved among students participating in 
the global climate change intervention. To achieve these goals, we developed a 
research plan around the following research questions.

RQ1.  How does SSI-based instruction support student learning of science con-
tent knowledge?

RQ2. How can the assessment of SSR be improved?
RQ3. How does SSI-based instruction support student development of SSR?

Content Knowledge

Within the science education community, there has been a long history of calls for 
using socially relevant issues (i.e., SSI) as contexts for teaching and learning sci-
ence (DeBoer, 1991). The work of several researchers has supported the long-held 
contention that SSI-based instruction can support student development of science 
content knowledge (Barber, 2001; Dori et al., 2003; Yager et al., 2006; Zohar & 
Nemet, 2002), but like all studies, these had limitations. Namely, some of these 
researchers relied on curriculum-based tests of content and others did not employ 
pre/post designs. These researchers chose to focus on certain factors in the design 
of their research and in so doing created affordances for the investigation of some 
issues and limitations for others. For the design of the CATSI study, we chose to 
prioritize the investigation of content knowledge. In doing so, we implemented a 
pre/postintervention assessment strategy in order to measure gains over time. We 
also adopted a multilevel assessment framework in which we created content 
assessments at variable distances from the curriculum.

Assessing the effects, particularly content learning, of curricular innovations pres-
ents serious challenges for researchers (Ruiz-Primo et al., 2002). The designers of 
innovations frequently create assessments directly aligned with their interventions. 
These assessments, which can be thought of as close to the interventions, can be use-
ful for classroom teachers and students as well as for formative assessment of the 
intervention. However, these measures are typically critiqued when used as summa-
tive assessments. Intervention-specific assessments are limited in scope, do not allow 
for the assessment of transfer, and do not permit comparisons among curricula. 
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More distant measures of content such as national exams are much broader in scope, 
can be used to make inferences regarding transfer, and allow for comparisons among 
curricula. However, assessments that are as distanced from an intervention as national 
exams are very insensitive to change. It is not reasonable to expect a national exam 
to detect significant learning gains associated with a 3-week intervention.

To address these problems, assessment specialists working in science and math-
ematics education have proposed a multilevel assessment framework for better 
understanding the effects of curricular innovations (Hickey & Pellegrino, 2005; 
Hickey, Zuiker, & Taasoobshirazi, 2006; Ruiz-Primo et al., 2002). This framework 
calls for assessment at various distances from a particular intervention. The 
approach calls for researchers to collect data through instruments closely aligned 
with an intervention, but the value of these data can be significantly improved when 
they are interpreted in conjunction with more distanced measures. In the CATSI 
project, we collected data at four unique curricular distances: immediate, close, 
proximal, and distal. The immediate data (classroom observations of student dis-
course and practices) and close data (student artifacts produced in the midst of the 
climate change unit) were useful as we considered the design and progress of the 
intervention. For research purposes, we relied primarily on the proximal (test 
results using items directly aligned with the curriculum) and distal data (results 
from a test created with items sampled from state and national exams), the sources 
of which will be described in the methods section.

Socio-scientific Reasoning

We introduced socio-scientific reasoning as a tool for researchers and practitioners 
to more effectively operationalize and assess the practices in which students engage 
as they negotiate SSI (Sadler et al., 2007). Science educators, including us, have 
argued that SSI-based education has potential to better prepare students for interact-
ing with social issues, making decisions on complex issues, and developing char-
acter (Berkowitz & Simmons, 2003; Kolstø, 2001; Zeidler & Sadler, 2008). 
However, the community lacks conceptual and assessment resources to investigate 
the extent to which these claims are supported by evidence (Orpwood, 2007). We 
developed SSR as an initial attempt to address this gap in the SSI research agenda. 
The basic idea underlying the SSR construct was that most, if not all, SSI regardless 
of their specific scientific and social contexts share certain features. We hypothe-
sized that as learners interact with specific SSI contexts, they become more aware 
of and better prepared to respond to the implications of the invariant features of 
diverse SSI. In developing a framework for assessing SSR, we sought to provide a 
mechanism for empirically documenting the extent to which learner practices rela-
tive to negotiation of SSI developed over time.

We explored existing science education research in order to identify the invariant 
features of SSI that could be leveraged to operationalize SSR. We initially identi-
fied four SSI features to serve as the basis for distinct aspects of SSR. We present 
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the SSR aspects below with a brief sample of the literature used to identify and 
substantiate each aspect.

 1. Recognizing the inherent complexity of SSI (Hogan, 2002; Pedretti, 1999).
 2. Examining issues from multiple perspectives (Sadler & Zeidler, 2005; Zohar & 

Nemet, 2002).
 3. Appreciating that SSI are subject to ongoing inquiry (Bingle & Gaskell, 1994; 

Yang & Anderson, 2003).
 4. Exhibiting skepticism when presented potentially biased information (Kolstø, 

2001; Zeidler et al., 2002).

Our initial investigation of SSR, within the Quest Atlantis project, focused on 
clarifying the construct, establishing assessment protocols, and documenting a 
baseline of student practices. In this work, we assessed SSR by providing students 
with two brief SSI scenarios and asking questions designed to elicit ideas and 
practices related to the SSR aspects. These interviews were audio-recorded and 
transcribed. Our analyses were based on the full transcripts. We created four-level 
ordinal scales for each of the SSR aspects. These scales provided a means of clas-
sifying the variability of student responses relative to each of the invariant SSI 
features highlighted by the SSR construct.

In order to explore the measurement properties of SSR, we conducted correla-
tion analyses for inter-scenario aspect scores. These correlations provided a mea-
sure of how consistent student performance was for each SSR aspect. In order for 
an aspect to be meaningful from a measurement perspective, it would need to be 
fairly stable across contexts. Correlation coefficients (Spearman’s rho) were rela-
tively high for the complexity and inquiry aspects (.76 and 0.73 respectively) but 
low for perspectives and skepticism (.42 and 0.37). We also computed correlations 
among aspects within the scenarios to explore the extent to which the aspects were 
related. High correlations among student practices on different aspects would indi-
cate relatedness and support the idea that SSR represented a unidimensional con-
struct. The correlations between complexity and inquiry were relatively high in 
both scenarios. Correlation coefficients between all other aspects were positive but 
fairly low. The complexity and inquiry aspects had performed as we had expected; 
that is, individual student practice was measured consistently across independent 
contexts and the results suggested that they may both be related to an underlying 
latent variable that we described as SSR. The other aspects, perspectives, and skep-
ticism, did not perform as expected in terms of inter-scenario consistency or relat-
edness to a common latent variable. We concluded that future research would have 
to approach assessment of the perspectives and skepticism aspects in different ways 
in order to provide useful data (Sadler et al., 2007).

To advance SSR as a useful tool for the research community, assessment of the 
perspectives and skepticism aspects would obviously have to be improved. We also 
wanted to explore other assessment formats. The interview protocol used for our 
initial work provided quality data but the resources required for conducting, tran-
scribing, and analyzing interviews would likely prohibit its use in large-scale proj-
ects. Therefore, we designed the CATSI project to experiment with new data 
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collection methods. We created an internet-based questionnaire that could vary 
questions based on students’ previous responses. This allowed us to effectively 
customize prompts to which students responded, one of the advantages of inter-
viewing, as students completed the survey. The electronic data were automatically 
logged to a database eliminating the need for transcription.

A primary motivation in developing SSR was generation of a tool that could be 
used to document student development over time. However, our initial research did 
not explore the extent to which SSI-based instruction improved SSR. As a part of 
the CATSI project we intended to address this issue. Our goal was to test the 
hypothesis that student learning experiences in one SSI context (i.e., global climate 
change) enhances SSR as displayed in different SSI contexts.

Methods

Data Collection and Analysis: Content Knowledge

We adopted a pre/postintervention design for the analysis of both content knowledge 
and SSR. Consistent with the multilevel assessment framework that helped to guide 
design of the CATSI project, we collected data related to student learning of science con-
tent at different levels of varying “distances” from the curriculum. For the 
research reported as a part of this chapter, we focus on two of these data sources: a 
proximal test and a distal test. The proximal test was aligned with the CATSI cur-
riculum; that is, it was designed to assess student understanding of the content taught 
as a part of the CATSI unit. This curriculum-aligned test consisted of five open-
ended questions: (1) What is global warming? (2) What is the greenhouse effect? (3) 
How does the greenhouse effect relate to global warming? (4) What is the contro-
versy associated with global warming? (5) Is global warming a challenging prob-
lem? Why or why not? The curriculum-aligned test was administered electronically 
and student responses were collected through a database. Because of technical prob-
lems with the database, we were only able to analyze data from the curriculum-
aligned test for Molly’s environmental science students. The numbers of students 
whose data were included in analyses are displayed in Table 4.2.

Table 4.2 Number of classes and students participating in the CATSI project

Teacher  
(subject) Classes Students

Informed 
consent

Proximal 
test (pre  
and post)

Distal  
exam (pre  
and post)

SSIQ (pre 
and post)

Inter-
view

Molly (Environ- 
mental science)

3  75  57 49 49 50 11

William  
(Chemistry)

2  62  51 –a 34 –a  0

Totals 5 137 108 49 83 50 11
a Technical difficulties prohibited access to these data
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Our analysis of the open-ended student response data was guided by the constant 
comparative method (Strauss & Corbin, 1998) which was an inductive approach 
that called for iterative cycles of evaluation of interpretive hypotheses and compari-
sons to data. Analysis progressed in six phases beginning with two researchers 
independently reviewing ten randomly selected answer sets to look for general 
trends. By the fourth phase of analysis, the researchers had independently examined 
30 transcripts and developed a coding scheme with high inter-rater consistency 
(<90%). The coding scheme was designed to characterize individual variation asso-
ciated with each question. Categories for each question were ordinal in nature. In 
the fifth phase of analysis, a single researcher completed coding on the curriculum-aligned 
data. In the final phase, we looked for changes in student performance on the 
pre- and postintervention tests by testing for changes in categorical proportions. We 
applied a McNemar analysis, which is similar to a Chi-square test but is designed 
for repeated measures data.

To examine student development of content knowledge from a more distanced 
perspective, we developed a distal test. The distal test was aligned with state con-
tent standards that guided development of the CATSI curriculum. Therefore, it was 
designed to measure student understanding of the scientific formalisms underlying 
climate change but individual exam items were not aligned with unit curriculum. In 
designing the CATSI curriculum, four sets of science standards were identified. 
They related to the following four general areas of science: (1) climate and tem-
perature, (2) greenhouse effects and climate change, (3) chemical principles and 
processes, and (4) graphing and graph analysis. We sampled items from publicly-
released standardized tests used for international (e.g. TIMSS-Trends International 
Mathematics and Science Study), national (e.g., NAEP-National Assessment of 
Education Progress), and state (e.g., FCAT-Florida Comprehensive Assessment 
Test) assessments. We created item pools associated with each of the four groups 
of standards. After extensive pilot and reliability testing, we produced a 20-item, 
multiple-choice instrument (five items for each of the four standards groupings) and 
administered it to students in the CATSI project before and after the SSI-based 
intervention. We analyzed student responses with a repeated measures ANOVA and 
computed effect sizes.

Data Collection and Analysis: Socio-scientific Reasoning

One of our project goals was to experiment with a new format for assessing SSR. 
Our previous work suggested that interviews could be used to assess SSR but the 
resource-dependent nature of interviews limited their use for large sample sizes. We 
wanted to try an open-ended questionnaire but worried that questions designed to 
elicit some SSR aspects would be too leading. To address these concerns, we devel-
oped an online survey, the Socio-scientific Issues Questionnaire (SSIQ), using an 
adaptive questioning strategy that directed students to specific open-ended ques-
tions based on previous forced-choice responses. This strategy limited the extent to 
which questions were leading and yet challenged students to generate responses 
that could illuminate their SSR.
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In its final design, the SSIQ consisted of a narrative description with an accom-
panying diagram of a localized socio-scientific scenario. The description was fol-
lowed by a series of forced choice and open-ended questions (see Appendix 3.1 for 
an example). Two scenarios were developed; both related to water pollution issues 
with economic implications and at least three clearly identifiable parties interested 
in the issue. Students read and responded to one of the SSIQ scenarios prior to the 
intervention and the other after the intervention. The selection of scenarios (pre- 
versus postintervention) was randomized.

Based on our previous work (Sadler et al., 2007), we knew that the manner in 
which the perspectives and skepticism aspects had been operationalized required 
modification. For development of the SSIQ and subsequent analyses, we 
reconceptualized the perspectives aspect. In our initial work, the perspectives 
aspect captured the extent to which students adopted multiple perspectives in the 
justification of their own decisions. In the CATSI project, we revised the perspectives 
aspect such that it assessed the extent to which students could discuss the 
perspectives and interests of multiple parties involved in the scenarios. The new per-
spectives aspect incorporated themes suggested by the original perspectives 
category as well as the original skepticism category.

In analyzing data collected from the SSIQ, we were guided by scoring codes 
developed in the initial research (Sadler et al., 2007) but given the changes in data 
collection and the new perspectives aspect, we made significant modifications. In 
addition to Molly’s and William’s classes, we had administered the SSIQ to 37 high 
school students from a different school. We used these data to develop scoring rubrics 
for SSR. We had a priori notions of possible ranges of student practices but these 
ideas were shaped significantly by inductive analyses of the pilot data. We developed 
five-point ordinal scales for each SSR aspect (complexity, inquiry, and perspectives) 
and used the rubrics to score the SSIQ data. Two reviewers independently analyzed 
20 sets of responses, randomly selected from among pre- and posttests. Initial inter-
rater consistency ranged from 60% to 80% by SSR aspect; however, most of the 
discrepancies were quickly resolved and ascribed to simple misinterpretations. 
Following this initial negotiation phase, inter-rater consistency exceeded 90% for all 
aspects. Given the relatively high tendency for rater error, two reviewers indepen-
dently coded all responses and rating discrepancies were mediated by a third reviewer. 
In order to test the validity of using the SSIQ, we conducted interviews with a subset 
of the sample (n = 11) and analyzed the transcripts using the same set of rubrics.

Results and Discussion

Findings: Content Knowledge

The first research question addressed student learning of content in the context of 
SSI-based instruction. Student performance on the proximal, curriculum-aligned 
test was assessed by means of the emergent scoring rubric described above. 
Table 4.3 presents the coding schemes developed for each of the five questions, 
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brief descriptions of each category, and exemplars excerpted from student tests. 
Although it was not our intent to create a hierarchical scoring scheme, the codes for 
each question could be ranked in terms of accuracy. Low-end codes captured inac-
curacies, underdeveloped ideas, and misconceptions. As the codes progressed to 
higher levels, they captured more sophisticated and scientifically accurate responses. 
Despite the ordinal nature of most categories, two categories within questions four 
and five were conceptually distinct but equivalent in terms of accuracy. These 
categories were identified separately, but combined for the follow-up analyses. The 
number of categories per question ranged from three (question two) to six (question five). 
A more complete description of the coding scheme can be found in Klosterman and 
Sadler (2010).

In order to determine whether student performances differed on the pre- and 
postintervention assessments, we conducted a McNemar’s test for correlated pro-
portions (see Table 4.4). The analysis indicated that the proportion of categorical 
responses prior to the intervention was significantly different than the category 
proportions following the intervention for the first three items on the curriculum-
aligned test (p

1
 = 0.011, p

2
 = 0.008, p

3
 = 0.008). For Items 4 and 5, the number of 

responses within several categories was less than five. Probability rates are not reli-
able for variables with cell frequencies less than five (Agresti & Finlay, 1999); 
therefore, we chose not to apply the test in these two cases. McNemar’s analysis is 
an omnibus test and, applied to these data, indicated changes in response patterns 
following the intervention. In order to determine possible directions of change, we 
examined visual displays of the data (see Figs. 4.1– 4.5). These graphic displays, 

0

5

10

15

20

25

30

35

40

A B C D No answer
Category

P
ro

p
o

rt
io

PRE

POST

Fig. 4.1 Categorical proportions of pre- and posttest scores for Question 1

Table 4.4 McNemar analysis 
of curriculum-aligned test 
results

Question c2 df P

Q1 16.6429 6 0.0107
Q2 14.8410 6 0.0215
Q3 14.5859 6 0.0237
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which highlighted comparisons between pre- and postintervention performances, 
revealed shifts toward more accurate responses. The combined results indicated 
that student performances on the curriculum-aligned content test improved 
significantly following SSI-based instruction.

Student performance on more distal measures of content was assessed through 
the standards-aligned test. The average gain (posttest versus pretest) for Molly’s 
environmental science classes was 1.88, and for William’s chemistry classes the 
average gain was 1.29 (total score = 20; see Fig. 4.6). Results of a repeated mea-
sures ANOVA indicated that posttest scores were statistically significantly different 
than the pretest scores (F = 15.31, p < 0.001). There was no evidence of an interac-
tion effect between the time variable (pre and post) and the course variable suggesting 
that the intervention produced similar effects in both classroom settings (F = 2.88, 
p = 0.094). Effect sizes were calculated for both sets of classes using the formula for 
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Cohen’s d ( Dunlop, Cortina, Vaslow, & Burke, 1996) for calculating effect sizes in 
dependent measures designs. The effect sizes for Molly’s classes (d

ES
 = 0.49) and 

William’s classes (d
CH

 = 0.41) were medium (Cohen, 1988).
Combined results of the proximal and distal tests provided evidence of student 

learning of science content associated with their experiences in the climate change 
unit. Students demonstrated learning gains for material directly aligned with the 
curriculum, a result that should be expected given that the unit extended over 
3 weeks. They also demonstrated modest gains on the more distanced assessment 
indicating that SSI-based instruction can foster development of scientific ideas that 
transcend specific instructional contexts.

Findings: Socio-scientific Reasoning

A rubric was developed for the assessment of each of the SSR aspects. The three 
rubrics followed a similar format. Zero level responses indicated that students did 
not understand the most basic dimension of a particular aspect. Responses scored 
with a one indicated that students understood the basic aspect but could not provide 
an example. Responses scored with the three highest levels offered progressively 
more detailed descriptions of the aspect. Table 4.5 presents the rubric used for 

Table 4.5 Scoring rubric for the Inquiry aspect of SSR

Level Description Exemplars

Question: If you were responsible for deciding how to resolve the Branville Bay situation, 
would you need additional information regarding the situation before making your decision?

0 Suggests that additional inquiry is not 
necessary.

No. Just ban all boats and fishing in the 
preserve. That way there won’t be any 
chance for drops in wildlife counts.

1 Suggests that additional inquiry is 
necessary but does not identify  
a specific line of inquiry.

Yes. Information like are there any other 
problems that is going wrong with this 
situation and can there be more than 
one solution.

2 Suggests that additional inquiry is 
necessary and identifies one specific 
line of inquiry.

Yes. What would happen if we stopped 
big ships from going back and forth 
and just allowed smaller boats do all 
the work?

3 Suggests that additional inquiry is 
necessary and identifies two specific 
lines of inquiry.

Yes. Exactly how much are the fish and 
bird counts declining [and] how much 
are the ships polluting the water as 
opposed to the fishermen.

4 Suggests that additional inquiry is 
necessary and identifies three or 
more specific lines of inquiry.

Yes. I would need to know the amount of 
people fishing or going through every 
day, the amount of fish being caught 
by people omitted from the fishing 
laws, and the amount of traffic.
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assessing the inquiry aspect and exemplars taken from student products. 
The complexity and perspectives rubrics followed the same format but attended to 
the appropriate content.

Because we wanted to use the SSIQ to document pre- and postintervention 
changes, our goal was to develop two equivalent forms to reduce possible testing 
effects as a threat to validity. Results from pilot testing indicated that the two forms 
elicited very similar responses in terms of SSR assessment among students taking 
both forms. Using data from the CATSI project sample, we conducted t-tests 
between the two scenarios for each of the three SSR aspects. Data used for this 
analysis was restricted to the 50 students who had responded to both scenarios. 
Scores on all three aspects between the two scenarios were not statistically signifi-
cantly different. These results provided empirical justification for our decision to use 
the scenarios as multiple forms thereby reducing the possibility of testing effects.

In order to check for the validity of our interpretations of student responses to 
the written SSIQ prompts, we conducted and analyzed interviews with a subset of 
the sample (n = 11). These interviews, conducted individually with one of the 
researchers, took place approximately 1 week after student completion of the 
postintervention SSIQ. The content of student responses in both assessment con-
texts (written and interview) were consistent. Analysis of the interview transcripts 
indicated that students interpreted the SSIQ items in ways that we expected. The 
interviews also allowed us to check our interpretations of student responses with the 
students themselves. This form of member checking further supported the validity 
of our analysis. Finally, we scored the interview responses using the rubrics devel-
oped for each of the SSR aspects and compared these ratings with the scores 
obtained by the same students using the written format. In comparing scores 
between the written and interview data, only one aspect response (3%) varied by 
more than one ordinal level. Thirty-nine percent of the responses (equally distrib-
uted across the three aspects) varied by one ordinal level, but we detected no con-
sistent patterns in terms of which assessment context tended to afford more 
advanced patterns. We interpreted these results as indicating a high degree of con-
sistency in terms of the content of student responses and a moderate degree of 
consistency in terms of performance levels across the assessment contexts.

In the original SSR research, two aspects were highly correlated indicating 
likely relationships to a common latent variable. To test for these relationships in 
the current dataset, we conducted correlation analyses among scores on the three 
aspects. None of the correlation coefficients (Spearman’s rho) were statistically 
significantly different than zero. This result offered no evidence of relationships 
among the three aspects; therefore, we treated them as separate variables for the 
subsequent analyses.

To explore the issue of change in SSR associated with the CATSI unit, we con-
ducted paired t-tests (pre vs. post) for each of the SSR aspects. Average scores and 
standard deviations for the pre- and postintervention SSR assessments as well as 
the t-test p values are presented in Table 4.6. These data revealed no statistically 
significantly differences in pre- and posttest performances.
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Implications for…

Teaching and Learning

We begin our discussion of implications with the most obvious inference to be 
drawn from the research conducted as a part of the CATSI project. Students can 
learn important science content through SSI-based instruction. The evidence col-
lected as a part of this study support the contentions that students can learn science 
content directly aligned with the context of an SSI-based unit as well as the more 
abstracted scientific formalisms represented in standards documents and associated 
standardized assessments. Given the inevitable limitations of this study, we are not 
claiming that all students will show similar gains in content knowledge in response 
to all SSI-based instruction, but we document compelling evidence of science 
learning for this sample in the context of this issue (global climate change). 
Classroom-based work like this will likely never produce the kinds of data that 
could legitimately be considered generalizable for all (or most) students and all (or 
most) SSI contexts. However, the combined analysis of these results with studies 
(Dori et al., 2003; Zohar & Nemet, 2002) located in other, diverse settings drawn 
from different populations and utilizing different issues provide growing support 
for the efficacy of SSI-based education in terms of promoting the learning of 
science content.

Most other studies that link SSI-based instruction and science content learning 
document gains on assessments closely aligned with the context of the SSI under 
consideration (similar to our proximal level data). These data are certainly impor-
tant in terms of understanding how SSI-based instruction works, but the high 
degree of concurrence between the contexts of instruction and assessment leaves 
open the question of how SSI-based instruction affects learning that transfers 
beyond the immediate learning environment. In the current political climate, impor-
tant stakeholders in science education including teachers, school administrators, 
and policy-makers are particularly interested in how curricular innovations can 
affect student performance on standardized assessments (Settlage & Meadows, 
2002). This study provides some of the first evidence using a pre/post design and a 
multilevel assessment model documenting student gains on distal level assessments 
of content that serve as a proxy for standardized assessments. The raw score differ-
ences are statistically significant, but the actual change values are relatively small 

Table 4.6 Average scores 
(and standard deviations) for 
pre- and postintervention 
SSIQ responses

Socio-scientific reasoning aspects

Com Inq Per

Pretest 1.4 (1.3) 1.9 (1.3) 2.4 (1.2)
Posttest 1.4 (1.2) 1.7 (1.5) 2.1 (1.1)
p values a 0.78 0.30 0.14
a p values for paired t-tests
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(1.9 for Molly’s students and 1.3 for William’s students). We acknowledge the 
modesty of these changes, but it is important to note the modest nature of the 
CATSI intervention in terms of its duration. We view the fact that any statistically 
significant changes in performance on a standards-aligned exam occurred in asso-
ciation with a 3-week unit as an important finding.

In reflecting on what was (and was not) accomplished in this project particularly 
as related to how the unit was designed and implemented, we believe it critically 
important for the communities committed to promoting SSI-based instruction to 
advance new models for introducing SSI into classrooms. Here, we are not arguing 
for new teaching models (although we certainly would not argue against develop-
ment of new teaching innovations for SSI-based instruction). Rather, we highlight 
the need to consider new approaches to support collaborations among teachers, 
researchers, curriculum designers, and professional development specialists to 
more efficiently move SSI into classrooms. We, the full CATSI team including 
university-based researchers and classroom teachers, spent a great deal of time 
working together in order to create an intervention specifically designed for our 
target classrooms. This obviously is not a scalable model. As a community, we need 
to generate better ways to develop and disseminate curriculum and teaching innova-
tions that are responsive to the specificities of individual classrooms.

We did not systematically collect data on student interest in the SSI unit or their 
motivation to participate in learning activities associated with this unit. However, 
our classroom observations indicated that the students were not as enthused by and 
interested in the global climate change issue as we had expected and hoped. One of 
the arguments made in support of using SSI in classrooms is that SSI provide con-
texts that connect school science to real-life issues thereby making science more 
relevant and interesting (Albe, 2008; Harris & Ratcliffe, 2005). Ultimately, the 
students in the CATSI project were highly engaged, but this engagement seemed 
not to be related to issue context. The engagement we observed seemed more 
related to the design of learning experiences than the issue itself. The CATSI unit 
followed many of the recommendations promoted by the science education com-
munity in support of engaging curricular innovations. Students experienced a variety 
learning experiences in which they were both challenged and supported. They had 
opportunities to create products, interact with media and technology, and engage in 
inquiry. We believe that the issue in and of itself was engaging for some students, 
particularly those who identified themselves as environmental advocates, but many 
students did not seem any more motivated to learn about global climate change than 
science topics unrelated to contemporary social issues. We actually do not interpret 
these observations as suggesting that SSI-based instruction is not or cannot be 
motivating for secondary students. We believe that these observations highlight the 
fact that formal science instruction takes place within the larger context of school 
science. A single, issue-based unit implemented over 3 weeks is unlikely to trans-
form the manner in which students consider and feel about their school-based sci-
ence learning experiences. This interpretation suggests we exercise care in 
considering how and the extent to which innovations support the development of 
interest in and motivation to learn science.
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Research

We did not address SSR in discussing implications of this project for teaching. We 
omitted this discussion because we are uncertain as to what the project’s implica-
tions for teaching are. We did not document gains in SSR associated with the 
CATSI unit. This nonresult may indicate that an intervention of this limited time 
frame cannot affect change in SSR. Changes in SSR may require longer develop-
mental periods. However, an equally plausible interpretation of the results is that 
the nature of the intervention limited changes in SSR. A 3-week SSI-based unit 
may have potential to affect changes in SSR, but the CATSI unit itself may not have 
included necessary elements for these changes to be actualized in student practices. 
For example, the CATSI unit encouraged students to consider the complexity, 
inquiry, and perspectives aspects of global climate change, but instruction did not 
explicitly encourage students to think about how these elements emerge across 
multiple issues. The unit did not present climate change as a model for other com-
plex SSI or encourage comparisons of similarities among this specific issue and 
other SSI. We believe further studies designed to explore the effects of specific ele-
ments of SSI-based instruction along with possible developmental trajectories of 
SSR would be fruitful work.

In order for the work called for in the previous paragraph to be done well, we 
believe the conceptual and assessment tools associated with SSR must be 
improved. The work described in this chapter represents only the second iteration 
in the development of SSR as a measurable construct. This second iteration has 
offered improvements in terms of the assessment context of SSR and the internal 
consistency of the rubrics used to track levels of SSR; however, much work 
remains. Some of the issues that demand further attention include possible expan-
sion of the SSR aspects, fuller exploration of possible relationships among SSR 
aspects, and continued experimentation with forms of assessment. In this itera-
tion, we highlight three aspects of SSR resulting from a rearticulation and merg-
ing of two aspects from the original research conducted on SSR. Additional 
aspects may need to be added to the framework to more validly capture practices 
associated with the thoughtful negotiation of SSI. In fact, we suspect that the 
practices associated with the complexity, inquiry, and perspectives aspects vastly 
under-represent the full range of practices associated with negotiating SSI. The 
challenge is in creating frameworks that support the valid and reliable assessment 
of these other aspects.

In our original work on SSR, we produced data suggesting a relationship 
among aspects of SSR. Based on these results, we postulated an underlying latent 
variable to which the aspects mapped. In essence, we proposed SSR as a single 
construct with interrelated subconstructs (i.e., aspects). The results produced in the 
CATSI project did not support this interpretation. The aspects did not show signifi-
cant relationships; therefore, we treated the aspects as individual variables. 
Additional research designed to explore these possible relationships are essential 
in terms of providing guidelines for how these variables should be handled in 
future analyses.
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We believe that in the second iteration of the study of SSR, we made improvements 
in the process of assessing SSR. We moved from an interview protocol to an adap-
tive, online survey the effect of which is to make SSR assessment more feasible and 
likely for larger groups of learners. However, much remains to be done for the 
optimization of SSR assessment. Assessing SSR using a broader range of issue 
contexts is one possible advancement; refinement of the aspect rubrics is another. 
Here, we offer these two specific suggestions as initial possibilities, but much more 
could be done to enhance the reliability, validity, and usability of SSR assessments. 
We leave it to the broader community of researchers interested in SSI and assess-
ment to further define directions for advancing this agenda.

Conclusions

At its core, the CATSI project was a collaboration among teachers and researchers 
committed to enhancing science learning experiences of specific groups of high 
school students as well developing more robust understandings of how SSI-based 
instruction supports progressive goals of science education. We produced evidence 
regarding how SSI-based instruction can support science content learning at vari-
able distances from the curriculum. The research related to socio-scientific reasoning 
raised more questions than answers, but we believe that the work significantly 
advanced the discussion of what ought to be assessed as a part of SSI-based instruc-
tion and how it ought be assessed. As university-based researchers, we found the 
experience of partnering with teachers and maintaining a sustained presence in their 
classrooms to be productive and informative. It allowed us to better support the 
needs of teachers as well as better understand their concerns and constraints associ-
ated with implementing SSI-based instruction. We gained better perspectives on the 
politics and processes of local schools. For example, the reassignment of one of our 
partnering teachers a few weeks before the start of a new academic year leading to 
the scrapping of our initial development efforts presented a significant setback and 
a new appreciation for the challenges associated with working in actual classrooms 
situated in broader local, district, and state contexts. Despite these challenges, we 
think this kind of situated work is essential for building understanding of how SSI-
based instruction can be used productively in classroom settings and what SSI-based 
instruction can afford in terms of student learning and continued development as 
active participants in societies increasingly shaped by science and technology.

Appendix 3.1. SSIQ Prompt and Questions

Branville Bay is located on the Gulf of Mexico. The city of Branville has built 
up along the northern border of the Bay and a wildlife preserve has been estab-
lished along the southern border. The Branville area was the ancestral home for 
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several tribes of Native Americans. More recently, Branville has become a major 
shipping port. Ships from all over the world dock at Branville Port delivering 
products like oil, clothing, toys, and fruit. These products are then distributed 
throughout the USA. Businesses in the USA also use the port to send their prod-
ucts around the world (see Fig. 4.7).

Branville Bay is a sensitive ecological area serving as the breeding grounds for 
many fish, birds, and other wildlife. There are strict laws that govern fishing in the 
most sensitive areas of the bay. However, these laws do not apply to the Native 
Americans still living in the area because they have claimed ancestral fishing rights 
in the area.

Managers of the Branville Wildlife Preserve have started reporting declines in 
fish counts, bird counts, and water quality measures. These managers have con-
cluded that the heavy ship traffic moving in and out of Branville Port is damaging 
the Branville Bay ecosystem. Port Authorities claim that their ships stay in deep 
water channels and do not travel into the most sensitive waters of the bay. They 
argue that the Native American fishers are the most likely culprits because they use 
boats and fish in the bay’s most sensitive waters.

city limits

Branville

Branville
Bay

Branville
Port

Branville Wildlife Preserve

ecolicall
sensitive
waters

y

Fig. 4.7 Map of Branville Bay and the surrounding area
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Local leaders are trying to decide what to do.
Questions:

1. Can the Branville Bay situation be solved easily?

A. YES
B. NO

If A, then: Explain why you think the Branville Bay situation should be easy to 
solve.
If B, then: Explain why you think the Branville Bay situation cannot be solved 
easily.

2. If you were responsible for deciding how to resolve the Branville Bay situation, 
would you need additional information regarding the situation before making 
your decision?

A. Yes, I would need to have additional information to make a decision.
B. No, I have sufficient information to make a decision.

If A, then: What kinds of additional information would be necessary for you to 
make a decision regarding the Branville Bay situation?

If you were responsible for deciding how to resolve the Branville Bay situation, 
what would you recommend doing as a next step? Please explain why this would 
be an effective strategy.

If B, then: If you were responsible for deciding how to resolve the Branville 
Bay situation, what would you recommend doing? Please explain why this would 
be an effective strategy.

3a. In the previous prompt, you were asked to suggest a course of action for the 
Branville Bay situation. Describe the strengths of your proposed approach.

3b. Describe the weaknesses of your proposed approach.
4a. A group of concerned Branville citizens gathered to discuss a solution for the 

Branville Bay situation. The group suggested that Native American fishing 
permits in the most sensitive waters of the Bay be reduced by half and that ship 
traffic be reduced by one-third (that is, only two-third of the current number of 
ships traveling in the bay could continue coming into the Bay).

4b. How do you think Branville Port Authorities would respond to this suggestion? 
Please explain your response.

4c. How do you think Native Americans in Branville would respond to this sug-
gestion? Please explain your response.

4d. How do you think managers of the Branville Wildlife Preserve would respond 
to this suggestion? Please explain your response.

5.  In response to the previous questions, you commented on how three different 
groups (Port Authorities, Native Americans, and Wildlife Managers) would 
respond to a proposed solution. Which of the following statements most accu-
rately reflects your responses?

A. The Port Authorities, Native Americans, and Wildlife Managers would have 
similar responses to the proposed suggestion.
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B. The Port Authorities, Native Americans, and Wildlife managers would have 
different responses to the proposed suggestion.

If A, then: Explain why you expect the Port Authorities, Native Americans, and 
Wildlife Managers to have similar responses to the proposed suggestion.

If B, then: Explain why you expect the Port Authorities, Native Americans, and 
Wildlife Managers to have different responses to the proposed suggestion.
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Socio-scientific Reasoning

Sadler: As I reflect on the project featured in this chapter while simultaneously 
considering the future of my own work in the area of SSI and the SSI research 
agenda more generally, I am drawn to the socio-scientific reasoning (SSR) aspect 
of the project. In some ways, this part of the project was not very successful. First, 
the students demonstrated no gains in SSR. And second, the subcomponents of the 
larger SSR construct (i.e., complexity, inquiry, and perspectives) did not show evi-
dence of association to an underlying latent variable. In other words, these data 
suggest that the SSR aspects ought to be treated as independent variables as 
opposed to related subconstructs. However, despite these results, I think the work 
around SSR may be the most important contribution of the project. As we mention 
in the chapter and elsewhere (Sadler, Barab, & Scott, 2007; Sadler & Zeidler, 
2009), I think that there is a real need for tools to help us as researchers and educa-
tors better operationalize what it is that we are trying to do with SSI. I do not think 
it is enough for us to continue to argue that we need to enhance scientific literacy. 
I do not think that anyone contributing to this book would disagree that promoting 
scientific literacy is important, but given the political climate in which schools are 
currently situated, I think that our community (i.e. those of us who advocate the 
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contextualization of science education through SSI) has a responsibility to move 
beyond the rhetoric of scientific literacy as a rationale for SSI-based education.

Do others agree with the assertion that the community needs more sophisticated 
conceptual and assessment tools for supporting and justifying SSI-based educa-
tion? Is SSR a useful construct in this regard? Does the discussion around this 
theme within the chapter provide useful insights? What steps should be taken to 
advance this work?

Zeidler: Let me first say that this study provides many key insights into  important 
areas of SSI instruction and reasoning. The study advances the claim that even a 
limited experience with SSI can produce conceptual learning outcomes in students. 
More directly related to the question raised as to whether the science education 
community needs more sophisticated conceptual and assessment tools related to 
SSI-based instruction, my response would be “yes,” though not necessarily for the 
premise of “supporting and justifying” the practice of SSI pedagogy. It is my obser-
vation that the SSI framework has been amply supported and justified both on 
analytic and empirical grounds in previous research. However, I do agree that we 
need more sophisticated conceptual tools to better understand the nuances of fac-
tors associated with SSI reasoning and more robust assessment tools that examine 
both contextual and cultural differences in reasoning about SSI. I think this study 
moves us a good step in the right direction.

Ironically, as I sit here writing this in May 2010, I cannot help but to think of the 
human and environmental crisis unfolding in the Gulf of Mexico with the BP oil 
spill (although the word “spill” seems like a quaint euphemism where we only need 
to dab up the offending toxic pollutants). This is at once a Real-World Problem and 
a Real-World catastrophe in every sense. It is also, obviously, a socioscientific 
issue. In this reality, it probably matters not whether to treat Socioscientific 
Reasoning (SSR) as a unitary construct or as independent variables (although for 
theory development it certainly does); rather, it seems clear to me that at this very 
moment, we can find the need for students to be able to orchestrate the components 
of SSR—understanding complexity of a SSI, examining issues from multiple per-
spectives, realizing the need for ongoing inquiry, and evoking skepticism when 
presented with potentially conflicting and/or biased information, of critical 
importance.

Sadler: I want to challenge Dana’s contention that “the SSI framework has been 
amply supported and justified both on analytic and empirical grounds.” In many 
respects, I agree with the statement: many studies (including those featured in this 
volume) provide empirical support for the use of SSI as contexts for science educa-
tion. The SSI movement seems to be growing in that there is evidence of increased 
classroom use of SSI as well as more frequent SSI contributions to the science 
education literature base. However, in discourse at international and (some) national 
levels, SSI remain marginalized. With the parenthetical insertion in the previous 
sentence, I am hedging a bit because I know that some national educational systems 
are incorporating SSI in substantive and meaningful ways, but in our national con-
text, the USA, SSI are not a prominent element of the national discourse around 
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science education. My analysis of current policy and standards document in the 
USA leads me to think that SSI receive, at best, lip-service in framework-type 
 statements. When those frameworks become translated into standards and bench-
marks that become reified in standardized assessments which drive system-wide 
(local and state school systems) decisions regarding curriculum and pedagogy, the 
focus on all that is significant with respect to SSI falls away. It is in this context that 
I contend that our community has much to do in terms of justifying the SSI 
 framework as an important aspect of science education.

A reasonable question in response to this argument in light of the previous 
 comments regarding socio-scientific reasoning is how might a new construct (i.e., SSR) 
help to justify use of SSI in science education. I think that if we want to advance 
the SSI movement in terms of making SSI a more prominent aspect of science 
education, then we need conceptual tools to help translate the lofty goals that often 
feature SSI-related themes in policy frameworks to the standards, assessments, and 
curricula that ultimately get enacted. Currently, vague links are made between 
teaching science in the context of SSI and learner development of scientific literacy 
and reasoning. But scientific literacy and reasoning can mean any number of things, 
so assessments and curricula focus on scientific formalisms (i.e., facts and princi-
ples) that have been clearly defined and are uncontroversial. In proposing socio-
scientific reasoning, we sought to be more precise in identifying a specific suite of 
practices that could be featured in SSI-based learning experiences and assessed. If 
we want to move science education systems from an exclusive focus on scientific 
formalisms, then we have to provide options that fit within the political constraints 
of those systems. Scientific literacy and reasoning (presented generally) do not fit 
within the current political constraints because they are ambiguous and practically 
impossible to assess, at least when they are presented as ambiguously as they are in 
policy documents. By specifically defining socio-scientific reasoning in terms of 
measurable subconstructs, we were attempting to create a construct that would fit 
within the political constraints of modern school systems and better position SSI 
within those systems. This is why we viewed the finding that the SSR subconstructs 
were not correlated as being problematic. If the subconstructs are not related then 
it challenges our definition and ultimate use of the socio-scientific reasoning con-
struct. However, despite the results, I am not completely convinced that the aspects 
are not related. It seems unlikely to me that how individuals think about the com-
plexity, inquiry, and skeptical aspects of a particular controversial issue are not 
related. It seems more likely to me that our approaches to measuring these aspects 
are not sufficiently valid and reliable which, of course, demands additional study.

Eastwood: I certainly agree that the goals of SSI do need to be defined beyond 
“scientific literacy,” and that better instruments for measuring these outcomes are 
needed. I agree that the construct of socioscientific reasoning has great potential for 
this and can facilitate the development of effective assessment tools. I see the three-
part construct as extremely consistent with King and Kitchener’s reflective judg-
ment model. It does make sense to think that the subconstructs of perspectives, 
inquiry, and complexity would be related, but I can understand why they may come 
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out as separate constructs. For example, students might be inclined to discuss 
 different perspectives on an issue because they were instructed to do this in class—
they know to look for multiple perspectives. They could easily still be confused 
about how scientific knowledge is developed. I wonder if subconstructs would be 
more related in adults/college students, since clear patterns emerged with these 
groups in King and Kitchener, Perry, and Baxter Magolda’s work. I also wonder if 
classroom scaffolding favoring certain aspects affects the outcome. It seems impor-
tant to consider how the aspects are addressed explicitly and contextually in 
 classroom discussions.

Dawson: It has been interesting to read this chapter again and in the same week as 
the Gulf of Mexico oil spill. I recently received the International Journal of Science 
Education issue containing the Klosterman and Sadler (2010) paper which outlines 
the benefit of SSI such as climate change and its role in enhancing conceptual devel-
opment. I want to comment first on SSI in curriculum documents and second, ways 
of improving the teaching and assessment of SSI. Twice, I have heard quotes that the 
teaching of SSI is “woolly science”. The first is apparently from the new Minister for 
Education in the UK suggesting that this “type of science is woolly”. The second was 
on the front page of our local (Perth, Australia) paper when our new national science 
curriculum was released and our local Nobel Prize laureate in Medicine was asked to 
comment on the curriculum. He also described parts of the science curriculum as 
being woolly. The section he referred to was “ science as a human endeavour”. 
Interestingly, he is actually mentioned by name as an example of a scientist in that 
section. The point is that many of the people who decide what is taught in our schools 
are not science educators and have a  narrow view of what school science is.

It seems there are two audiences that the outcomes of research in SSI need to 
reach: (1) power brokers and curriculum writers in central offices and (2) teachers 
in schools. I was involved in writing a new biology curriculum which included 
many aspects of SSR such as multiple perspectives, skepticism, evaluating risk, etc. 
By the time the curriculum was published, these SSR-related elements had all been 
removed mainly because they were considered too difficult to assess or too far 
removed from “real science”. However, when I speak at teachers’ conference, I 
receive warm receptions from many teachers who are keen to make their lessons 
more interesting, relevant, and contextual.

Sadler: After reading Vaille’s comments, I checked an online dictionary to make 
sure that I knew what “woolly” meant; it is not a term that I hear very often. The 
most pertinent entry presented the following definition: “lacking in clearness or 
sharpness” (Merriam-Webster, 2010). I certainly disagree with pronouncements 
that SSI-based education is “woolly” in the pejorative sense evident in the quotes 
that Vaille mentioned. However, I do think that our approaches to defining learning 
outcomes and assessments in the context of SSI have lacked clearness and sharp-
ness. The socio-scientific reasoning construct may help bring these issues into bet-
ter focus. Even if the construct does not end up yielding fruitful results, I hope these 
discussions help the community attend to these issues and better address the 
 perceived shortcomings of SSI-based education.
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Zeidler: Not to add any more ad hominem arguments to those woolly-headed 
reactionaries who cannot conceive the notion that science education may exist in 
a social context, SSI, I believe, does have ample support and justification. The 
question may be, who is listening? Now by this I do not mean to imply that the 
SSI paradigm is now “normal science,” and we merely are left with “mopping up 
operations” to tidy up a few loose ends. And I would agree that it is incumbent 
upon us—those that are advocates for this progressive scheme—to add clarity, 
refinement, and where necessary, dismantle and reintroduce more robust ideas 
about how to engage children in the activity of science, facilitate public under-
standing of science through the everyday use of SSR, and provide better indicators 
of the effectiveness of this approach. Questions obviously do remain as to whether 
the SSI approach is compatible with standardized assessment (as Troy alludes to) 
or whether models of authentic assessment may gain a foothold in the political 
hegemony of education (as Vaille seems to suggest). However, I do think there 
exists some promising protocols to help document progressive classroom environ-
ments where SSI would flourish. For example, a modified version of the NCOSP 
Science Classroom Observation Guide (2008), which seems sensitive to observa-
tional records of classroom inquiry dynamics and growth consistent with contem-
porary science education goals, is promising because it allows for the identification 
of “indicators” of practices that can be observed in effective classrooms, while 
providing a differentiation of evolving practices for teachers to become more 
informed over time in providing student support in the learning of science. The 
overarching categories (that are broken down into numerous subcategories of 
classroom instruction) include: Classroom Culture is Conducive to Learning, 
Science Content is Intellectually Engaging, Instruction Fosters and Monitors 
Student Understanding, and Students Organize, Relate, and Apply Their Scientific 
Knowledge. I am not suggesting that this particular protocol is the answer, but I 
am suggesting that conceptualizations of authentic assessment may, on the one 
hand, be realized; on the other hand, such assessments may be fundamentally at 
odds with the type of large-scale assessments (e.g., PISA) that are so prominent 
within our current system.

Research Design

Klosterman: Over the last year, we have received extensive feedback on the 
CATSI project. One commonly expressed concern is the lack of a control group in 
our research design. We acknowledge that control groups are ideal in most educa-
tional research. However, as we expressed in our paper (Klosterman & Sadler, 
2010), we were not working in an experimentally ideal situation, but “in the situ-
ated world of real schools” (p. 1040). Given our local context, limited available 
time, and desire to work closely with a limited number of teachers, finding another 
classroom that was similar in terms of size and population was only one issue. In 
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consideration of our limitations, finding another classroom that was addressing the 
same standards, in the same time frame, and one that did not align with or highlight 
any SSI was practically improbable.

We contend that the significance of our study lies in the fact that we now have 
empirical evidence to support our hypothesis that a SSI-based curriculum can 
impact student content learning. We did not investigate if a SSI-based curriculum 
can improve content learning MORE than a curriculum void of a SSI focus, in 
which case we acknowledge a control would be required. To our knowledge, previ-
ous SSI research has not looked at student learning gains (both proximally and 
distally) as a result of a classroom-implemented SSI-based curriculum. This type of 
research is critical. To influence the policy-makers and other educational gatekeepers, 
we need to continue to push the SSI agenda forward with concrete evidence of its 
impact on student learning.

Eastwood: As long as you are not trying to compare improvement in content 
learning to a traditional approach, I would not say that a control group is “lack-
ing.” Since there are so many variables to consider in finding reasonable compari-
son groups, it makes sense for a study that takes a more in-depth approach to 
assessment to focus on the students receiving the intervention. The approach 
using different “distances” of assessment is very useful to identify how and what 
students are learning, especially since particular assessments tend to favor one 
group or the other depending on teaching strategies and assessments used in the 
classroom.

I would say not having a control is justified with more in-depth case studies, 
those that take into consideration the situational aspects of a complex learning 
environment. To me, it was effective to have more detail than previous studies on 
how students gained content knowledge in the SSI intervention. When the descrip-
tion of the intervention and results are given in detail, the reader can make reason-
able inferences about how big or small these content gains are in relation to other 
teaching approaches.

I do not believe the strength of the findings is limited if you are arguing that SSI 
promotes content learning (you showed this in a very convincing way). This is 
appropriate for a study using a novel approach in assessing content gains with SSI. 
I do think repeating the intervention with other groups could increase influence 
with stakeholders, strengthening the argument of other authors (especially given the 
various distances of assessment) that content learning is not compromised in SSI.

Dawson: Using a control or not is a very tricky point. You [the chapter authors] 
did argue convincingly as to why a control group was not possible in the research. 
Like all good qualitative research reports, you provided a great deal of contextual 
information and allowed the reader to decide the verisimilitude of the research. It 
is worth noting that different reviewers for the IJSE paper may well have rejected 
the paper. I approve of research that acknowledges the ‘messiness’ of real class-
room research and it is time we, the science education community, were more honest 
about the nature of the work we do. The more necessarily complicated, classroom-
based research is presented at conference and in journals by reputable researchers 
like yourselves, the more it will be accepted.
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Benefits of Research

Dawson: One of the desired outcomes of quality research can be gains in under-
standing by the participants. I would like to ask the authors what they think the 
participating teachers and students gained as a result of participating in this research 
and how they know this. I would also like to ask what they found to be the most 
rewarding aspect. Finally, if they did this study again, what would they do 
differently?

Sadler: The student participants developed new understandings of global  climate 
change and the scientific concepts underlying this issue. The data presented in this 
chapter provide support of this claim in that we document statistically significant 
gains in student performance on a standards aligned test as well as qualitatively 
distinct shifts in understandings on curriculum-aligned assessment prompts. This is 
the easy answer to Vaille’s first question, but I do not think that it really gets to the 
point that she is raising. Vaille is asking about the benefits of teacher and student 
involvement in the research process. For this question, we have less compelling 
evidence because generating this kind of evidence was not one of our primary 
goals. We had not thought a lot about this issue beyond an expectation that the 
partnering students would learn some science and become better prepared for deal-
ing with complex SSI and that teachers with whom we worked would become more 
comfortable using SSI in substantive ways in their classrooms. To help address this 
question, I asked William, one of our partner teachers, to share his thoughts on what 
he and his students might have gained through their participation in the project. 
(After the school year during which CATSI was implemented, Molly moved to 
another region of the country and we did not stay in contact.) William reported that 
his students expressed genuine enthusiasm at being a part of a research project. 
Many of the students felt empowered because they were contributing to something 
“bigger” than their typical classroom experiences. They asked questions about how 
their tests and information would be used and what we might learn from the results. 
In comparing the seriousness with which the students approached assessments 
associated with the project and their normal approach to classroom assessments, 
William felt confident that students exerted a level of effort and  sincerity not usu-
ally observed.

In terms of the influence of project participation on William himself, he indi-
cated that the experience made him more interested in educational research. At the 
time of the project, William was in the midst of completing a specialist degree and 
was considering continuing on to earn a doctoral degree. By the end of the project, 
William had become very interested in research and the potential roles he could 
play in conducting science education research. Since the CATSI project, William 
has continued his graduate studies and he is currently a full-time Ph.D. student. He 
has developed a research agenda associated with science learning in the context of 
authentic research opportunities.

Vaille also asked about what we, as the researchers, found most rewarding in the 
project. For me, the opportunity to collaborate with the teachers as extensively as we 
did and to be in their classes as they worked through the curriculum that we jointly 
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developed was a great experience. For several years, I have been working with other 
researchers to develop empirically based understandings about how students negoti-
ate SSI and how to situate SSI in classrooms. I visited classes and interacted with 
students and teachers, but this project allowed me to collaborate with teachers at a 
new level. In many ways, it was an opportunity to put much of what we had learned 
into action. I found it to be challenging but also fun and rewarding.

The last question that Vaille posed challenges us to reflect on what we might do 
differently if we did the project again. I have two things that I would do differently; 
although, only one of the two would have actually been possible given the con-
straints we experienced. The first suggestion, which we could have accomplished 
but did not think to do so at the time, would have been to collect data that could 
have informed questions related to student interest and motivation. SSI literature 
consistently claims that students become more interested in science when they can 
explore it through contextualized learning opportunities like SSI. I would have 
liked to have developed strategies for collecting student level data related to this 
issue. Surveys or focus group interviews focused on these topics would have been 
relatively easy to conduct and may have yielded valuable insights. The second 
change that I would like to have implemented but could not given the constraints of 
the specific contexts within which we worked is administering a follow-up assess-
ment several months after the conclusion of the CATSI unit. Students showed 
content gains on pre/post-tests given immediately before and after the unit. A follow- 
up test administered 3 months after the unit would have enabled inquiry into 
the long-term effects of the experience. As we mentioned in the chapter, timing of 
the implementation and the need to work around the school and class calendars 
made this kind of follow-up testing impossible.

Dawson: Just one brief comment about follow-up tests: A concern I have is that 
students may have assessment fatigue if asked to write too much about one topic even 
if they are happy to participate in the research. Some students may write less on the 
premise that they have already told you the answer. Of course knowing whether gains 
in learning are sustained is important. Maybe we have to be creative about how we 
find this out. The other important point is whether students who have a greater under-
standing of climate change issues actually change their behavior in any way.

Klosterman: As Troy mentioned, we admittedly lack evidence to support any 
claims about how students or teachers benefited from our research in terms of inter-
est or motivation. Nor do we have interview or survey data about the impact of our 
study outside of content learning. Student content learning and socio-scientific 
reasoning were the foci of our study and therefore drove our research design. 
However, this study reminded me of the power that comes from collaborating 
directly with teachers on projects that immediately impact their classrooms and 
student learning. For me, this was the most rewarding aspect. As a result of this 
study and through direct collaboration with teachers, we developed a tangible prod-
uct that was immediately usable by teachers and was loaded with science content 
and highlighted the social, economic, and political aspects of global climate 
change. At the most basic level, the teachers benefited by working as a part of a 
team to develop this product that was theirs to keep.
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In my opinion, having conversations about the theoretical underpinnings of our 
work and future research possibilities is stimulating conversation. But I believe that 
our work is truly limited if it does not clearly translate to classroom practice. In this 
study, we worked with teachers from the outset. We worked together to choose a SSI 
that was relevant to the teachers’ classrooms and spent a considerable amount of time 
designing lessons that aligned to the course, state, and national standards and personal 
teaching styles. In fact, at times it felt like we were participating in a classroom ser-
vice project rather than a research project because our efforts were so focused on the 
tangible curriculum. But to me, that makes sense. Ultimately, the goal of research is 
to improve student learning. The closer we can get to students and to the teachers that 
work with them, the more likely we are to impact student learning.

Although I felt like this project was certainly a step in the right direction, I feel like 
we still could have pushed the envelope farther in terms of the practical utility of our 
research findings. The results of this study obviously contribute to the science educa-
tion research field and its understanding of how SSI-based instruction can impact 
student learning. However, what did the teachers gain from these findings? We men-
tioned that the teachers were admittedly less involved in the design of assessment 
instruments than in curriculum development. We did not make a deliberate decision 
NOT to involve the teachers; the timing and amount of effort required to do so made 
it impractical. However, I am left to wonder what the teachers would have thought of 
the students’ responses to the proximal (curriculum-aligned) assessment and their 
ability to make connections to the broader scientific concepts on the distal (standards-
aligned) assessment. Would teachers have used those results? And if so, how?

Dawson: The benefit of educational research to the participants is something that 
I ponder often in my classroom-based research. When the focus of the research is 
related to morals, ethics, values, and multiplicity of views, then it becomes even 
more pertinent. We would like students to consider other stakeholders’ points of 
view, show empathy so it is important that we do the same.

In regards to motivation and enjoyment, certainly observing classes where 
 students are debating SSI, the excitement is palpable (perhaps difficult to collect 
evidence about though). In addition, this motivation may well be one of the reasons 
that students’ conceptual understanding improves when SSI are used even if not as 
much time is spent on learning content.
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Preparing students to take informed positions on complex problems through critical 
evaluation is a primary goal of university education (Association of American 
Colleges and Universities, 2007; Baxter Magolda, 1999) and an important aspect of 
scientific literacy (Sadler & Zeidler, 2009; Roberts, 2007). In approaching contem-
porary problems, the ability to understand and position oneself in interdisciplinary 
issues is essential (Mansilla & Duraising, 2007; Klein, 1990). This is especially 
true where the study of biology meets contemporary global problems. For example, 
to understand the nature and impacts of disease, it is essential to examine psycho-
logical and socioeconomic aspects as well as biology and pathology. These goals 
of university education are highly consistent with the framework of socioscientific 
issues (SSI), which seeks to integrate science concepts and their social significance, 
facilitate reasoning with complex problems, and promote content learning (Sadler, 
2009; Zeidler, Sadler, Applebaum, & Callahan, 2009).

This study focuses on a 4-year university program designed to integrate biology 
with social aspects of the human, scaffolding students to develop their reasoning 
related to complex issues and advocate for their own committed positions. The 
primary goal for this research was to compare reasoning and perceptions of stu-
dents who participated in this program and those who chose a traditional biology 
major. We intended to determine whether students who experienced a sustained 
approach to teaching through SSI differed in their reasoning or incorporation of 
different perspectives into their thinking about science issues with social signifi-
cance. We also aimed to discover common themes in students’ perceptions of their 
experiences with SSI and overall outcomes of their majors.

A second goal of the study was to illustrate how the pedagogy was enacted to 
meet program goals. Many factors contribute to the complex learning environment 
of an SSI unit or course. In the SSI classroom context, variables contributing to 
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student outcomes cannot be easily isolated to reveal their direct contributions to 
student outcomes. Particular aspects of instruction can influence students’ knowl-
edge and perceptions to different degrees and complicate findings. Describing the 
curriculum and detailing how instruction is carried out helps to explain the nuances 
or anomalies in results. Where other research reports discuss goals or general strate-
gies of SSI instruction, we sought to provide a more in-depth description of the 
context to create a more complete picture for interpreting results. We also envi-
sioned the study as an opportunity to address a current gap in the literature, showing 
how SSI is enacted in a college level environment.

A third goal was to apply an SSI framework to an existing program developed 
using resources from outside the science education literature. The program under 
study was developed using literature on development in the college years and inter-
disciplinary education. It sought to challenge students to explore different perspec-
tives and develop positions to which they are committed. Professors used an 
interdisciplinary, case-based approach to help students learn to reason and take 
positions on controversial issues with both scientific and social implications. 
Although the goals and pedagogical strategies employed were consistent with SSI, 
the term “socioscientific issues” was unfamiliar to the program faculty. Through 
our collaboration, a science education researcher and the program director, a biology 
professor and well-established scholar in biology teaching and learning, hoped to 
connect congruent concepts from our different perspectives.

A fourth goal was to provide an opportunity to open the SSI discussion to 
include reasoning with socioscientific issues for students of science and health 
professions. Most of the SSI literature has focused on science education for citizen-
ship. Although it is important to help all students understand the science behind 
issues, reason effectively when called upon to vote, and advocate for their positions, 
different approaches may be needed for students entering fields like healthcare and 
environmental science. Their decisions will affect patients’ outcomes and policy on 
important issues, so ability to reason across disciplines and understand different 
perspectives is essential for these students. For science majors, content-heavy 
required courses and busy programs of study may leave little room for SSI instruc-
tion, so it is important to illustrate how SSI may be effectively integrated into col-
lege science curricula.

Establishment of Teacher–Researcher Collaboration

This section is written from the point of view of the first author, a researcher in 
science education. This collaboration was unique in that the teachers, including 
the program director and several faculty members, were already independently 
conducting and presenting teaching and learning research. Dr. Schlegel (second 
author on this chapter) is a professor of biology with a record of scholarship in 
case-based learning, team-based learning, and interdisciplinary education. Before 
beginning this study, Dr. Schlegel and I had established a relationship over 
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4 years of my graduate degree, having carried out studies to investigate student 
interactions, content learning, and the role of reflective activities in her team-
based and case-based physiology course. In our meetings over these years, we 
discussed the development and enactment of the interdisciplinary program (SSI). 
She and other program faculty were involved in studies of student engagement 
and outcomes in relation to pedagogical strategies including team-based learning 
and interdisciplinary team teaching, and specific learning tools including a longi-
tudinal reflective portfolio.

Having understood the goals of the program as well as the theoretical back-
ground for the curriculum and pedagogical strategies, I chose to situate my disserta-
tion research in this program, which at the time was in its fourth year and holding 
its first senior level course. Rather than developing an intervention, I hoped to docu-
ment a novel approach to college biology education, connecting pedagogical prac-
tices to the science education literature and detailing both what took place in the 
classroom and student outcomes and perceptions. As a researcher with no official 
affiliation with the program, I could provide a different perspective from those 
centrally involved, comparing intended practice with observed practice. My posi-
tion as researcher could also increase credibility of feedback from students, consid-
ering that they may be inclined to respond differently to program faculty out of 
concern for their grades or their professors’ feelings. I was also better positioned to 
compare outcomes and perceptions of students in the program to a comparable 
group of students who chose a traditional biology major.

Despite these aspects of my role as researcher, I could not entirely position 
myself as an “outsider.” I had become familiar with the program, observing plan-
ning meetings, and discussing the theoretical underpinnings and pedagogical strate-
gies in depth with program developers and instructors. Also, students in the SSI 
group recognized me as a “friend of the program” and knew I worked with their 
professors, so they may have been cautious about their comments in interviews. My 
“close” position led to some limitations but also created affordances that would 
have been unavailable otherwise. I was able to mingle with both students and pro-
fessors in the SSI group and develop a sense of the student and faculty cultures. 
Students allowed me to sit in their groups and listen to their informal conversations. 
They recognized me and seemed to feel comfortable with me. I gained a similar 
perspective with the senior level biology students, for whom I served as laboratory 
instructor. As a graduate instructor, I had a “helper” role for these students and was 
likely perceived as someone they could trust. They informally discussed their suc-
cesses and frustrations with me, and this provided an insider perspective on being 
a biology major.

Perhaps the greatest benefit of a close relationship with the SSI program was the 
opportunity to become familiar with the point of view from which the program was 
designed. A key feature of the program was a developmental approach, recognizing 
trends in epistemological and ethical development that influence learning. 
Professors designed courses with the understanding that college students exhibit 
consistent patterns in their understanding of knowledge and approaches to learning 
as they navigate experiences in a college environment. Professors used these 
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patterns to understand how their students think, effectively scaffold student learning, 
and design learning objectives. Understanding this underpinning of the program 
helped me to compare the actual learning environment to that intended by faculty 
members. In addition, my close relationship with the program allowed me to under-
stand the focus on advancing development as being highly consistent with the aims 
of SSI to enhance students’ evidence-based reasoning and consideration of multiple 
perspectives. This helped me to more clearly articulate my theoretical framework 
for the study.

Research Questions

This study investigates the effects of this interdisciplinary undergraduate program. 
Although the program incorporates many theoretical constructs and pedagogical 
strategies, we focus on the SSI context embodied in the program. As SSI students 
typically chose the program as an alternative to the traditional biology major and 
were similar in achievement levels and future career paths, our comparison group 
included biology majors (referred to as the “BIO group”). Research questions 
include:

 1. Do SSI majors reason with socioscientific issues differently from BIO majors?
 2. How do SSI and BIO majors’ perceptions of their experiences with socioscien-

tific issues differ?
 3. How do SSI and BIO majors’ general perceptions of their majors, including 

personal outcomes and the learning environment differ?

Theoretical Framework

We approached the study with a theoretical lens incorporating situated learning 
and theories of development in the college years. Situated learning posits that 
knowledge is connected to the context in which it is learned (Brown, Collins, & 
Duguid, 1989). As a tool is understood through its use, students make sense of a 
new concept in the context of its application and discipline. Contextualized learn-
ing promotes a knowledge structure that allows concepts to be accessed for rele-
vant problems and not remain “inert” (Bransford, Sherwood, Vye, & Reiser, 
1986). Effective learning environments offer students opportunities to work with 
and apply concepts in contexts authentic to their use. They also remain authentic 
to common practices in the fields, such as collaboration. For example, physicians, 
nurses, and other health-care professionals work in teams, and scientists collabo-
rate among and between research teams. Through this theoretical lens, pedagogy 
that emphasizes interpersonal interaction and is contextualized in realistic prob-
lems should promote development of concepts, skills, and disciplinary knowledge. 
In the SSI program, case studies situate learning in realistic problems, promoting 
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development of knowledge less likely to remain “inert.” The collaborative nature 
of the program promotes cognitive development through interaction and explana-
tion, and situates learning in a realistic context, since biological inquiry is gener-
ally a collaborative endeavor.

Developmental frameworks for college students and adults, including the 
Reflective Judgment Model (King & Kitchener, 1994), Perry’s Scheme of 
Intellectual and Ethical Development (1979), and the Epistemological Reflection 
Model (Baxter Magolda, 1992) also contribute to the theoretical foundations for 
this study. Although the researchers behind these models used different approaches 
and arrived at different conclusions, similarities among their findings reinforce and 
validate the existence of particular trends. Early stages are characterized by concep-
tions of knowledge as absolute and derived from authority, understanding of reality 
as directly observable, and difficulty recognizing complexity or different perspec-
tives. Middle stages are characterized by perception of complexity, uncertainty, and 
multiple perspectives, although reasoning may be inconsistent and decisions or 
commitment may be hindered by complexity. In the highest levels of development, 
knowledge is seen as complex, uncertain, and a product of inquiry. Individuals 
apply consistent criteria to form evidence-based decisions and recognize and incor-
porate multiple perspectives in their reasoning.

Here, we do not seek to apply developmental stages to participants or document 
changes in these stages, but to approach the study with the understanding that stu-
dents’ ability to perceive complexity or uncertainty in situations, recognize inquiry-
based rather than authority-based sources of knowledge, base personal positions on 
evidence, and consider multiple perspectives develops over time and with experi-
ence. The classroom environment, including opportunities for reasoning with ill-
structured problems with instructors and peers, influences students’ development to 
higher levels (Baxter Magolda, 1999; Zeidler et al., 2009).

Context of Study

The study took place in a large, research-oriented university. Participants were 
recruited from the SSI and BIO majors. These majors differed where, in addition to 
required and elective courses, all SSI majors took yearly core courses and seminars 
and maintained a 4-year portfolio. BIO majors took cohesive series of required and 
elective courses, but were not involved in longitudinal projects or yearly core 
courses. Outside of core courses, curricula for students in both programs were very 
similar and students took many of the same courses. In the SSI major, SSI case-
based reasoning was deliberately structured into all core courses, with a develop-
mental focus on moving students from exploring different perspectives to 
position-taking and advocating for evidence-based positions. For the SSI group, we 
will provide an in-depth description of the class context and activities used to spe-
cifically teach SSI. We will then describe the comparison (BIO) group in terms of 
curriculum and general teaching methods.



94 J.L. Eastwood et al.

SSI Group

The published mission of the SSI program was “to integrate the biological and 
social sciences with the humanities and the arts in the study of human beings and 
the human condition.” Students enrolled in the program planned to enter life sci-
ence graduate programs or professional programs, such as medicine, nursing, den-
tistry, physical therapy, law, or journalism, or pursue careers in teaching, the life 
science industry, or public policy. The program included selected courses from four 
concentration areas: human environment and ecology, human origins and survival, 
human health and disease, and human reproduction and sexuality, as well as a series 
of interdisciplinary core courses taken each year.

The foundation of the program was established in yearly core courses. These 
interdisciplinary courses connected primary biological concepts with related social 
and ethical issues and explicitly addressed epistemological concepts in biology 
including uncertainty, tentativeness, and the centrality of evidence to knowledge in 
biology. The interdisciplinary nature of the program responded to recent trends, 
including converging fields of disciplinary knowledge, professional requirements, 
and the need to solve problems that are both social and intellectual in nature (Klein, 
1990). Core courses were team taught by an expert from the life sciences and an 
expert from a social science or humanities discipline, and the specific course topics 
depended on the expertise of the instructors.

Key themes running through these courses included scientific literacy through 
position-taking on socioscientific issues, collaboration, contextualized learning, 
and reflection. Scientific literacy includes “informed decision-making, the ability 
to analyze, synthesize and evaluate information, dealing sensibly with moral rea-
soning and ethical issues, and understanding connections inherent in socioscientific 
issues” (Zeidler, 2001). In the SSI core classes, scientific literacy was conceptual-
ized to connect the inquiry process with social context, historical context, and ethi-
cal context. These efforts toward scientific literacy echo the goals of SSI. 
Understanding of issues was developed through discussion, peer evaluation, and 
service learning.

Student collaboration was a central component of the SSI program. Students 
worked in teams for entire semesters on case studies, course projects, and even 
exams. This aspect of the program is based on scholarly work on team-based learn-
ing (Fink, 2002; Schlegel & Pace, 2004).

Contextualizing learning in scientific problems through case studies and service 
learning projects was also an essential aspect of the program. Learning in the context 
of case studies promotes ethical development through consideration of how power 
and authority influence scientific endeavors (Zeidler & Keefer, 2003). As established 
for problem-based and case-based learning, problems addressed in core courses are 
complex, target multiple skills, and resemble the activities members of a culture actu-
ally participate in. Within the case context, the instructors provide models of expert 
problem solving (Willaims, 1992). The team teaching approach allows students to see 
integration of different perspectives to solve problems. Reflection and documentation 



956 Effects of an Interdisciplinary Program

of content learning, collaborative processes, and personal experiences are scaffolded 
through class discussions and a progressive electronic portfolio which individuals 
update throughout the entire program. Technology-based reflective scaffolds have 
been found effective to help students articulate ideas and develop and reflect on expla-
nations (Land & Zembal-Saul, 2003).

The following section will provide context for the teaching of SSI in the two 
core courses observed: sophomore and senior level courses.

Sophomore Level Core Course

The syllabus describes the primary objectives of the course as follows:

This course introduces the social and ethical dimensions of human biological experience 
and the construction of scientific knowledge through in-depth consideration of human 
death and disease … we will use a collaborative, case-based approach to explore the opera-
tionalization of scientific concepts, the logic of scientific inquiry, and the effective com-
munication of evidence, interpretation, and claims.

Learning goals included constructing models integrating different fields of sci-
ence, gathering, evaluating, and applying scientific data to understand patterns of 
disease and death, evaluating different perspectives on death and disease and argu-
ing a chosen position using scientific evidence, and developing a portfolio in areas 
of inquiry of personal interest.

The structure of the course was team-based. Teams of five to six students col-
laborated in and out of class, and the majority of class time involved teams working 
together on particular tasks, generally case studies, followed by whole-class 
debriefing. Since the course depended on active student involvement, participation 
and peer evaluation made up 20% of the course grade. Other activities included 
short lectures by instructors, guest lectures, short individual assessment activities, 
team presentations, and exams. In class, teams were seated around individual tables 
to encourage team interaction. Each table was equipped with at least one laptop to 
research topics and create documents. The atmosphere of the classroom was ener-
getic and informal, with the majority of interaction within teams.

Like most of the SSI core courses, the class was team-taught by a life scientist 
and an expert from the social sciences or humanities. In the sophomore course, the 
instructors included a neuroscientist and a sociologist with expertise in epidemiol-
ogy. Generally, one professor presented new information and when cases were 
discussed, each professor modeled his or her disciplinary perspective and the 
importance of integrating those perspectives. They were honest about the limita-
tions of their knowledge and participated in information searches when difficult 
questions arose.

The course was structured into three modules: death and dying, infectious dis-
ease, and HIV and AIDS. These modules focused on understanding operational defi-
nitions of death and disease for different contexts, physiological and microbiological 
understanding of these topics, understanding of these topics at multiple scales, and 
use of scientific information in arguing positions. We will describe activities from 
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the third module in depth to demonstrate how the course was designed to encourage 
effective reasoning with SSI, teach science content in context, help students evaluate 
differing perspectives, and develop and argue their own positions.

The third module spanned approximately 4 weeks. The stated goal of the module 
was, “We use in-depth analysis of HIV/AIDS to investigate how complex patho-
gens, politics, and ideologies contribute to infectious disease epidemics locally and 
globally.” Specific learning goals included biology content, such as differentiating 
between viruses and retroviruses, analysis of public epidemiological data, and argu-
mentation regarding political and ideological controversies around the disease. The 
largest part of the module included discussion of a controversy ignored by most 
scientists and the media over whether the HIV virus actually causes AIDS, which 
was presented in two papers from the journal, Science (Blattner, 1988; Duesberg, 
1988). Before class, students read the position papers and completed a reflective 
writing assignment asking them to answer why they do or do not believe HIV 
causes AIDS, what issues were important from the readings, and five areas they 
needed to learn more about to resolve the problem. Team members were instructed 
to share their responses, pool knowledge, and research some answers to questions 
they had identified. They were also asked to develop a consensus list of key issues 
from the readings. To better understand Duesberg’s argument against HIV as the 
causative agent in AIDS, each team was assigned one or two of Duesberg’s ideas 
to investigate and explain in depth for the next class. Students used additional 
sources to develop short presentations on such topics as accepted postulates of 
virology, normal characteristics of retroviruses, and normal presentation of disease 
after viral infection.

Students’ final assignment for “The Duesberg Phenomenon” was to present an 
argument supporting or refuting Duesberg’s argument. One professor explained the 
assignment, emphasizing that students should focus on making strong arguments. 
Students’ handout read,

Your goal in your investigation is to evaluate Duesberg’s position and that of his critics with 
reference to current scientific knowledge. As you evaluate their positions, consider what 
we have learned about evaluating scientific evidence: for which side is the evidence stron-
gest? What additional information is needed to fully evaluate the competing positions?

Students were told they were expected to consult relevant sources other than 
those provided to the class, finding information that was current and reliable. Each 
team was expected to define both Duesberg’s and Blattner’s positions clearly and 
use evidence to make an argument for their positions. Students made 5–7 min pre-
sentations, answered questions posed by their peers and professors, and turned in a 
summary of their argument.

In the second part of the module, students considered government responses to 
the AIDS epidemic, using the contexts of Brazil and South Africa. First, the class 
was introduced to Brazil’s position rejecting money from the United States, which 
was set aside for AIDS programs on the condition that the country make a declara-
tion condemning prostitution. The students were asked to consider, “Is it appropriate 
for the US government to place ideological constraints on funding for global health 
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initiatives?” Teams were split in half by “yes” and “no” positions, and were 
instructed to develop “logical evidence-based arguments” for assigned positions. 
Each side was given about 30 min to research their positions, and then they made 
their arguments to their team members. As a class they presented preliminary points 
for “yes” and “no” positions. The teams then developed consensus positions and 
arguments supporting their positions incorporating background information on the 
history of US funding for AIDS programs and of AIDS in Brazil. Their handout 
stated, “The most effective arguments will take into account the points made by the 
opposition.”

For their final projects, teams were assigned a paper comparing and contrasting 
how AIDS is experienced in Brazil and South Africa, and presenting a “multiscalar 
model of AIDS.” Teams were expected to integrate aspects of the biology of AIDS 
with epidemiological data, prevention strategies, treatments, and factors influenc-
ing treatment of individual patients in each country. Teams were required to provide 
a visual representation of the model with a complete description.

Senior Level Core Course

This core course titled “Complex Problems of Humanity” was considered the cap-
stone experience for the SSI program and was geared toward student advocacy. 
Unlike the other three core courses, it was not team-taught, but lead by the director 
of the program. The course was primarily collaborative and project-based and stu-
dents took responsibility for the direction of the course. It involved service learning 
components, working with other organizations to participate in the National Global 
Warming Teach-In, and work with the local Parks and Recreation Department to 
assess and research local water quality. This course focused not only on understand-
ing socioscientific issues and arguing positions based on evidence, but challenged 
students to organize and act based on these positions. The course description in the 
syllabus read as follows:

In this course students will focus on significant problems at the interface of science and 
society, such as global warming, water contamination and scarcity, fossil fuel exploitation, 
insufficient global healthcare, and inefficient use of dwindling land resources. Students will 
advocate for change so as to persuade policy makers and community leaders to support 
change using innovative approaches that reflect the foundations of science.

Learning goals included engaging scholars in an endeavor to educate the com-
munity about the complexity of problems and the need for different perspectives in 
finding solutions, understanding different dimensions of problems from local to 
global, understanding advocacy through individual reflection and team work, and 
learning how to confront challenges as “an engaged citizen with an evidence-based 
approach to advocacy.”

Three full modules were completed in the course. The first module was 
intended to educate the public and focused on global warming. The second mod-
ule, intended to engage students in the community, included a service learning 
project with the local Parks and Recreation Department and a state river water 



98 J.L. Eastwood et al.

quality program. In this module, students researched the definition of a water shed, 
reflected on documentary films, and completed case studies on ecological and 
political concerns involving water, and connected this knowledge to local water 
issues through collecting water samples and conducting original research projects. 
The final project included group poster presentations of this research, which were 
open to the university and community. The third module included a personal 
audiorecorded reflection on advocacy. To illustrate how goals of SSI were enacted 
in this course I will discuss the first module in-depth.

The 4-week global warming module began with general education on the subject 
through independent study and discussion of various readings including Gore’s 
(2006) An Inconvenient Truth. The majority of class time was spent on planning 
and holding an on-campus teach-in incorporating the goals of the National Teach-In 
(http://www.nationalteachin.org). Students were expected to review the goals of the 
National Teach-In and review the scientific data and human and ecological implica-
tions of global warming independently. In class, students were introduced to two 
graduate students from biology and political science who organized the first teach-
in at the university the previous year. These graduate students described the out-
comes of the previous teach-in as well as specific challenges and suggestions for 
the next one.

After having opportunities to brainstorm ideas for the teach-in with input from 
the graduate students, students were asked to condense and report their goals for 
the teach-in. These included clarifying myths about global warming, getting good 
attendance, motivating participants, educating participants on how they could help, 
providing information on local resources for energy conservation, becoming more 
fluent with ideas and vocabulary related to global warming, and making impacts 
like reducing carbon footprints and improving health. Students shared ideas for 
local groups and professors who might prepare presentations or exhibits for the 
teach-in. They were also given opportunities to ask questions of the class. They 
shared what they knew about contacting politicians, how human health can be 
related to global warming, and what kinds of visual aids might be useful for con-
veying the environmental impact of global warming. For the remainder of the 
module, students worked in groups to reserve a room in the student union, book 
speakers and representatives of community resources to meet goals previously 
specified, manage funding resources and ask businesses for donations, and decide 
on schedule and room layout issues.

The teach-in lasted a full day and was well attended by students, professors, and 
passers-by. Several representatives of local conservation resources were available for 
consultation, professors gave presentations on relevant research, and brochures and 
student-developed educational resources were available. At the end of the module, 
students were asked to reflect on the experience, including conceptual learning as 
well as personal and team-building experiences. They prepared a list of effective 
strategies and suggestions for future teach-ins. Overall in this module, students studied 
the scientific and social implications of global warming, developed informed posi-
tions about what could and should be done about the issue, and advocated for their 
cause through a collaborative effort combining local and national resources. 
This module not only helped them reason in a socioscientific context, but to put their 

http://www.nationalteachin.org
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knowledge and personal positions into action. This required reaching consensus 
among many different individual perspectives to create and carry out specific goals.

Biology Comparison Group

BIO majors were recruited as a reasonable comparison group to SSI majors, con-
sidering they take many of the same courses and pursue similar career and profes-
sional paths. This group, though diverse, was considered because they did not 
participate in the series of core courses, SSI community events, or portfolios 
designed to promote reflection on interdisciplinary, biology-related issues. Since 
there were no correlates to SSI core courses and individual programs of study varied 
greatly, we will describe the basic curriculum and goals of the major.

The BIO major required courses in introductory biology, molecular biology, and 
evolution. Many of the courses had associated labs. Based on limited observation 
of biology courses (molecular biology), the first author’s participation as a lab 
instructor (histology), and student interviews, we understood that biology courses 
were typically lecture-based. Professors delivered slideshow presentations and stu-
dents took notes. Students were given opportunities to ask questions, and many 
large courses scheduled discussion sessions with graduate instructors, where stu-
dents worked on worksheets or brought questions on course material. Lab courses 
offered students opportunities to learn techniques and verify concepts taught in 
class, and in some instances were inquiry-based where students independently 
investigated their own research questions. Although we could not verify that all 
biology courses did not have SSI components, no biology course descriptions 
reviewed included SSI, and none of the 16 students interviewed reported having 
been involved in in-depth discussion of SSI in their biology courses.

Methods

We used a triangulation mixed methods convergence design, in which both qualita-
tive and quantitative data are collected and results are converged. To interpret 
results, outcomes of each component are compared and contrasted to validate or 
further explain a phenomenon (Creswell & Plano Clark, 2007).

Participants

Participants included students at the mid-point and end of their college careers. 
Both groups were chosen because the SSI senior class was very small (19 students), 
and both sophomore and senior level core classes were in session at the time of data 
collection. Sophomore level participants included 30 SSI students and a matching 
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sample of 30 BIO students, and senior level included 15 SSI and 20 BIO students. 
SSI students were recruited from core classes, and BIO majors were recruited from 
biology classes of comparable levels. The criteria for participation in the study were 
major and level of progression in the major, as determined by the levels of recruit-
ment courses. These convenience samples, though not ideal, made data collection 
manageable. Recruitment courses for the BIO group included two sections of 
sophomore level molecular biology (approximately 200 students each) and four lab 
sections of senior level Human Tissue Biology (approximately 120 students total). 
SSI students were recruited first, and recruitment of BIO students continued until 
nearly equal sample sizes were reached.

Overall, SSI and BIO participants reported similar professional goals and grade 
point averages (GPAs) (with BIO students approximately 0.2 points higher on a 
4  point scale; see Table 6.1). SSI and BIO students were nearly equal in numbers 

Table 6.1 Demographic information for SSI and BIO participants

SSI soph BIO soph SSI senior BIO senior SSI total BIO total

n = 30 n = 30 n = 15 n = 20 n = 45 n = 50

Career path
Medicine/PA 13 13 5 7 18 19
Nursing 3 2 1 0 4 2
Other grad health 

profession
4 9 4 8 8 17

Work/other 2 0 2 0 4 0
Graduate school/ 

research
3 4 1 2 4 6

MBA 2 0 0 0 2 0
Public health/social  

work
0 0 2 1 2 1

Undecided 2 1 0 0 2 1
Law 1 1 0 1 1 2

Minor
Psychology 9 5 6 5 15 10
Other social science 4 4 3 6 7 10
Human sexuality 2 0 1 0 3 0
Humanities 7 13 1 4 8 17
Business/management 5 0 0 2 5 2
Public health 0 1 1 1 1 2
Biology/exercise 3 2 3 0 6 2
Science/nutrition
Chemistry 1 9 4 13 5 22
Information technology 0 1 0 1 0 2
None 5 6 2 1 7 7

Average GPA 3.20 3.41 3.32 3.41 3.26 3.41
Lab experience  

(n/n reported)
3/27 7/30 3/13 6/18 6/40 13/48

Teaching experience  
(n/n reported)

4/27 4/30 6/13 8/18 10/40 12/48
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of students planning to go to medical school and graduate school or research. Few, 
but comparable numbers of students from each program planned to study law, pub-
lic health or social work, or nursing. A greater number of BIO students planned to 
enter other graduate level health professions, like dentistry, optometry, and physical 
or occupational therapy. Responses to why students chose their major indicate that 
the biology major was a close fit to the requirements for these professional pro-
grams. SSI students were slightly more likely to plan to enter the workforce or to 
obtain a business degree.

Minor choices reveal some differences in focus of study between SSI and BIO 
participants. Minors are reported by adding together all minors listed by students in 
each group. Some students had multiple minors and some had no minor. Double 
majors were few, but were included as minors because they illustrate additional 
expertise. BIO students were more likely to have multiple minors than SSI students 
(43% vs. 17% respectively in sophomore level classes and 55% vs. 40% in senior 
level classes). This could be due to the interdisciplinary nature of the SSI program. 
Since focus areas allow students to explore areas outside of biology, a minor may 
not have been viewed as necessary to illustrate expertise. SSI participants were 
more likely to minor in psychology or business. These students may be more inter-
ested in behavioral aspects of humans. More SSI participants minored in biology, 
exercise science, or nutrition, by taking enough additional courses to meet the 
qualifications. We noted that the biology minor was only an option for SSI students. 
BIO students were much more likely to minor in chemistry. Informal discussions 
with students suggest this is because the requirements for the biology major include 
a great deal of chemistry. BIO students were also much more likely to minor in 
areas of the humanities, such as foreign language, literature, creative writing, 
music, or visual arts. The reason for this is unclear, although a more focused cur-
riculum may offer more flexibility to pursue an additional focus area. Groups were 
similar in minors in social science and public health.

SSI and BIO participants both reported that one-fourth of the groups had experience 
teaching, including undergraduate teaching assistantships, teaching programs for chil-
dren, and health-related training programs. BIO students were about twice as likely to 
have participated in a research group (BIO: 27%, SSI 15%). Although the faculty in the 
SSI program worked to encourage undergraduate research, surveys suggested biology 
majors may have participated more to be competitive for professional programs.

Data Collection

General Procedures

Participants completed questionnaires in an online format in a computer lab set-
ting. A subset of sixteen participants (four from each group by year and major) 
were interviewed on a voluntary basis. SSI participants were chosen to best rep-
resent the population of the small program by sex and ethnicity, then to provide 
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a variety of grade point averages and course backgrounds. BIO participants were 
chosen to match SSI participants as closely as possible by these criteria. No male 
students from the sophomore level BIO group were available for an interview, so 
only female students were interviewed. The interviews followed a semistructured 
protocol, but interviews varied depending on the interests or concerns of the par-
ticipants. In addition to researcher notes, interviews were audiotaped and tran-
scribed. Course observations and professor interviews served as secondary data 
sources. To provide context for the core courses, the first author attended more 
than half of the class sessions for both sophomore and senior level SSI core 
courses. Field notes were taken describing the activities and atmosphere of 
classes attended, and all professors for these courses were interviewed to further 
establish goals for SSI and perceptions of student progress. One interview with 
both sophomore level professors was audiotaped and transcribed. The director of 
the program who taught the senior level class participated in the writing of this 
report. In addition, copies of syllabi, assignments, and handouts used in these 
classes were collected.

Decision Making Questionnaire

Participants took a modified version of the Decision Making Questionnaire (DMQ; 
Bell & Lederman, 2003) near the end of the spring semester. The questionnaire 
development was based on various resources and validated through review by an 
expert panel of four science educators and two scientists. Science and technology 
issues were chosen to represent real, controversial issues in which citizens may 
need to consider and interpret a great deal of evidence to make decisions.

Although this questionnaire was originally used several years before the current 
study, we selected it because it was designed to measure socioscientific reasoning 
in adults. Also, the scenarios and the science behind them were likely to be familiar 
to an audience of science students. The original questionnaire included scenarios of 
science and technology-related controversial issues, including fetal tissue implanta-
tion, climate change, the relationship between diet and cancer, and smoking. To 
reduce the time required of participants, and because of the highly emotional nature 
of the topic, we chose to omit the scenario on fetal tissue implantation. Scenarios 
were followed by questions that asked students to take positions on the issues and 
explain the factors influencing their decisions.

Interviews

Within the semistructured interviews, students from both groups were asked to talk 
about personal outcomes of their majors and what experiences, inside or outside of 
normal major requirements were most significant in their development. They were 
asked if they had taken courses in which they discussed or reflected upon science 
issues with social impacts. They were also asked to discuss their perceptions of the 
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learning environment in their major courses including teaching strategies they 
found useful, levels of community, and interaction with professors. They were 
directed to speak primarily of courses within their major, but they were free to 
discuss experiences in any of their courses.

In addition, probing questions used by Bell and Lederman (2003) in follow-up 
interviews to the DMQ were used to validate questionnaire responses and evaluate 
reasoning strategies. We included or adapted these questions to further probe rea-
soning in each of the three scenarios, and asked clarifying questions about student 
responses on the DMQ. Follow-up questions specifically asked how participants 
made decisions in response to opposing arguments, which were still debated at the 
time of the interview.

Data Analysis

Comparison of Decisions

The modified DMQ was analyzed blindly to groups. “Yes,” “no,” and “undecided” 
decisions for each question were totaled for the four groups and compared by per-
centages of students choosing each decision. Differences in decisions between SSI 
and BIO students were tested for significance using Fisher’s Exact tests for sopho-
more level, senior level, and total groups. Because undecided decisions were few, 
they were omitted from the analysis.

Comparison of Factors in Decision-Making

Based on the entire set of DMQ responses, categories of factors considered in 
decision-making for each question were established through several rounds of 
inductive analysis and revision. As similar themes in these factors emerged, cate-
gory codes were developed, refined, and used to re-code questionnaire responses. 
After the first author refined and reduced the codes, a second researcher confirmed 
these codes or suggested adjustments to the coding scheme, based on her analysis 
of an approximate 20% sample of questionnaires. Finally, the first author reviewed 
all questionnaire responses and adjusted coding to accommodate minor adjust-
ments made in negotiation with the other researcher.

Many of the questions in the DMQ were conceptually related and consequently 
received similar responses in factors considered. Based on similarity of responses, 
questions were grouped into emergent clusters that differed slightly from the origi-
nal grouping of questions by scenario. For each cluster, a list of reasoning catego-
ries was developed and refined from the codes designated for the respective 
questions. For each questionnaire, reasoning categories represented at least once in 
each cluster were determined. Coded questionnaires were then identified by year 
and major, and the number of students citing each reasoning category was com-
pared for groups by calculating percentages.
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Scoring Rubrics

To assess reasoning with SSI, a scale was adapted from Zohar’s and Nemet’s (2002) 
argument analysis, and Tal and Hochberg’s (2003) Reasoning Complexity Rubric 
originally developed from Hogan, Nastasi, and Pressley (2000). The simplified 
scale included number and explanation of justifications (see Tables 6.2 and 6.3). 
Like both cited analyses, the rubric rated responses on number of justifications sup-
porting decisions as well as whether students explained an underlying reason or 
mechanism for their justifications (Tal & Hochberg, 2003; Zohar & Nemet, 2002). 
No points were awarded when no reason was cited or the reason was nonsensical 
in the context of the question, one point was awarded for one unelaborated or unex-
plained justification, two points were given for two or more unelaborated justifica-
tions, three points were given for one elaborated justification, four points were 
given for multiple justifications with one elaboration, and five points were given for 
multiple elaborated justifications.

Table 6.2 Rubric for reasoning and perspectives applied to DMQ

Reasoning score (R) Perspectives score (P) Example: ban smoking?

0—No justification/
nonsensical in context 
of question

0—No evidence of 
multiple perspectives

No … tobacco companies are 
right in saying that smoking is 
a free choice of the consumer. 
However, it is not the free 
choice of the nonsmoker 
receiving passive cigarette 
smoke. So, though cigarette 
smoking should not be 
illegal, there should, however, 
be legislation passed that 
confines cigarette smoking 
only to smokers

1—One justification of 
decision: mechanism 
unelaborated

1—Recognizes other 
perspectives exist, but 
does not elaborate them

R: 4; Two reasons support 
decision: free choice and 
reasonable alternative 
(explained)

2—Two or more justifications 
of decision: mechanisms 
unelaborated

2—Elaborates on different 
perspectives, but offers 
no logical conceptual 
resolution

P: 3; Resolution incorporates 
perspectives of smokers, 
tobacco companies, and 
nonsmokers

3—One justification of 
decision: mechanism 
explained with examples

3—Considers different 
perspectives in depth 
and reaches a clear, 
complex resolution

4—Two or more justifications 
of decision: one 
mechanism explained

5—Two or more justifications 
of decision: multiple 
mechanisms explained
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Since multiple perspectives were commonly cited in questionnaires, though not 
explicitly elicited by the DMQ, a perspectives score was adapted from the “synthe-
sis” component of the Reasoning Complexity Rubric (Tal & Hochberg, 2000). 
Inclusion of multiple perspectives was generally not in-depth due to the short nature 
of responses, so a simplified 3-point scale was used. No points were given if the 
participant discussed only one perspective, one point was awarded when another 
perspective was recognized, two points were given when another perspective was 
elaborated, but not resolved with the perspective guiding the decision, and three 
points were given when multiple perspectives were elaborated and incorporated 
into a resolution consistent with the decision (see Tables 6.2 and 6.4).

The scoring rubric was reviewed for validity by two other science education 
researchers. The first author analyzed the whole DMQ data set and the second 
coder independently analyzed an approximate 20% sample. Analysis was con-
ducted blind to groups. Inter-rater reliabilities based on a 20% sample were 78% 
for reasoning and 85% for perspectives. Discrepancies were resolved to reach 
100% agreement and the remainder of the sample was then revised for consistency. 
Average reasoning scores were computed for each student, and an independent-
samples t-test was conducted to compare SSI and BIO group totals. Data for average 
perspectives scores were skewed toward the lower end of the scale, so we 
conducted a Mann–Whitney test for nonparametric data for this scale.

Table 6.3 Examples of scoring for reasoning scale

Score Participant response Explanation for scoring

1 No, that would have a negative effect on the 
economy

One unelaborated justification

2 Yes, I do not like cigarette smoke in general,  
and children seem to be starting smoking 
earlier and earlier—it is very sad

Two separate unelaborated 
justifications (personal dislike, 
children smoking)

3 I would be willing to pay increased taxes to 
provide funding for research on alternative 
energy resources because in the end by being 
more efficient and less dependent on foreign 
oil I will save money

One justification is explained

4 Yes, I believe that more money should be given 
to this research and IMPLEMENTATION. 
It is already understood how solar and 
wind work, but they must be implemented! 
We must be a leader in the fight on global 
warming, demonstrating that this issue is at 
the forefront of our concerns

Two justifications given (focus on 
implementation and example 
for world). Implementation is 
elaborated, but why the USA 
needs to lead is not

5 No [do not make smoking illegal]. With as 
much information about the risks of smoking 
available today, people should be responsible 
enough to educate themselves and make their 
own decisions about smoking. I do however 
think that smoking in public areas should be 
illegal because then you are exposing others 
to danger

Two justifications are given for the 
position (keep smoking legal, 
but not in public areas). Each 
justification is explained
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Interview Analysis

Qualitative questionnaire data and interview transcripts were triangulated to 
enhance validity of interpretations. Analysis of DMQ follow-up questions from 
Bell and Lederman (2003) was guided by themes developed from King and 
Kitchener’s Reflective Judgment Model (1994), with insights from Sadler, Barab, 
and Scott (2007), including view of knowledge, recognition of complexity, consid-
eration of perspectives, and use of evidence. Student responses to the three follow-
up questions were assessed using the criteria described in Table 6.5. SSI and BIO 
participants were then compared across groups. Responses to general questions 
about experiences with SSI were compared within groups for emergent themes, 
then compared across groups.

Table 6.4 Examples of scoring for perspectives scale

Score Participant response Explanation for scoring

0 I would be ok with this [tax increases to 
fund alternative energy] because these 
techniques are much better for our 
environment

Only one perspective is evident

1 Yes, people who choose not to smoke should 
not be put in danger by those who choose 
to smoke. There should be a special place 
designated for smokers because they chose 
to live an unhealthy lifestyle

Recognizes the position of “those 
who choose to smoke,” but 
does not fairly consider this 
point of view

2 It should because people that smoke are putting 
themselves at risk for many types of cancer 
and diseases. This in turn increases the cost 
of healthcare that will have to be provided 
because of their smoking. However, it also 
is someone’s decision or not to smoke, and 
you can’t really pass legislation against it 
because they have the liberty to do it, even 
though it is extremely harmful

Expresses health value of 
legislation, but also recognizes 
the individual’s control over 
health. However, no resolution 
is reached

3 On a personal level I believe they should [set 
limits on emissions], though I do see reasons 
for not doing so. The United States competes 
in the global market with nearly every 
country on earth, and if one country uses 
methods that are cheaper, though cause more 
pollutants and greenhouse gasses, they are 
more likely to perform better economically 
due to their ability to produce the product 
at less of a cost for the present (though long 
term these often will cost us more). If a 
legally-binding limit can be reached, I do 
think the United States however, as one of 
the more powerful nations, has somewhat 
of an obligation to do its best in complying 
with whatever may be better for the future 
of mankind

Explains and offers examples  
for reasons for supporting  
and non-supporting positions. 
A resolution is reached where 
the influence of the USA is 
seen as an adequate reason to 
commit despite the drawbacks
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Text from the student perceptions segments of the interviews were coded 
independently for major ideas and compared within groups for emergent themes. 
These themes, supported with quotes and examples, were compared and contrasted 
between SSI and BIO groups.

Results

Comparison of Decisions

On 11 situational position-taking questions on the modified DMQ, SSI and BIO 
groups were very similar in their responses (see Table 6.6). Decisions were com-
pared between groups for sophomore and senior level classes and total SSI and 
BIO students. According to Fisher’s Exact probability tests of “yes” and “no” 
responses for SSI and BIO groups at each level, the only significant difference was 
for question 8, which asked whether or not participants exercised regularly, in the 
senior level class (SSI 60% yes, BIO 90% yes, p = .027). Although this question 
tested whether students based their behavior on scientific knowledge, it did not ask 
them to take a position on a controversial issue. SSI students were less likely to 
exercise regularly and they commonly reported time constraints as the reason for 
this behavior.

Comparison of Factors Influencing Reasoning

Distinct categories were developed for factors that students indicated as influencing 
their reasoning in each of the three clusters of questions. These factors could be 
positively influencing their decision, negatively influencing it, or simply raised for 
consideration. In this comparison, the quality of reasoning is not considered, but 

Table 6.5 Assessment themes for stages of reflective judgment

Theme Pre-reflective Quasi-reflective Reflective

View of knowledge Absolute, authority 
driven

Uncertain, contextual Tentative and 
inquiry-based

Complexity Not perceived Perceived, frustrated  
with ambiguity

Understood, criteria 
applied for 
evaluation

Other perspectives Unrecognized Contextual nature 
complicates evaluation

Considered across 
contexts

Evidence Not considered; 
truth is directly 
observable

Used idiosyncratically in 
reasoning

Evaluated by criteria, 
applied in context
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simply the types of factors mentioned. Questions from the DMQ were clustered by 
similarity in responses. Ten categories were developed for the climate change and 
policy cluster, 9 categories were developed for the diet and health research/food 
choice cluster, and 11 categories were developed for the regulation of food or 
tobacco cluster.

For the climate change and policy cluster, factor categories included any refer-
ence to the environment, evidence related to global warming, the need to hold 
individuals or nations accountable for their role in climate change, the political 
influence the USA has in the world, influence of decisions on public perception of 
the USA, personal values or responsibility, political views, practical outcomes of 
decisions, suggestions of alternative options to those suggested in the DMQ, or 
economic aspects of decisions (Table 6.7). For the diet and health research/food 
choice cluster, factor categories included food and exercise choices as part of gen-
eral lifestyle, preferences unrelated to research, long-term effects like disease pre-
vention, limitations on time and resources, influence of personal experiences (such 
as witnessing family member’s disease), knowledge of research, unawareness of 
research, distrust of research, and ambivalence toward health knowledge or research 
(Table 6.8). For the regulation of food or tobacco cluster, factor categories included 
health, scientific evidence, need or desire to remove the problem through regula-
tion, health as personal responsibility, moral or social concerns, personal prefer-
ences, smoking/unhealthy foods being appropriate in some situations, the need to 
be consistent (as comparing cigarettes with alcohol), economic concerns, practical 
concerns, and alternatives to regulation (Table 6.9).

Table 6.6 Percentages of SSI and BIO students by decision for questions on the modified 
DMQ

Question 
numbers

Yes No

SSI Soph/Sr SSI total BIO Soph/Sr
BIO 
total

SSI  
Soph/Sr

SSI 
total

BIO  
Soph/Sr

BIO 
total

Climate change and policy
1 63/87 71 87/85 86 30/13 24 10/15 12
2 33/47 38 47/40 44 63/53 60 53/60 56
3 70/60 67 83/80 82 20/33 24 17/20 18
4 63/73 67 77/60 70 33/27 31 23/30 26

Health research/food choice
6 73/80 76 80/85 82 23/7 18 17/15 16
7 50/33 44 57/50 54 43/60 49 40/40 40
8 80/60 73 70/90 78 17/40 24 20/5 14

Regulation of food or tobacco
9 70/47 62 60/60 60 30/53 38 40/40 40

10 40/20 33 30/50 38 57/80 64 67/50 60
11 83/100 90 87/85 86 17/0 11 13/15 14
12 90/93 91 83/90 86 7/7  7 17/10 14
Total 65 70 32 28
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In general, SSI and BIO participants cited similar factors as influencing their 
reasoning. SSI and BIO groups did not vary by more than 15% on the frequency of 
citing individual factors within question clusters and they differed by less than 10% 
on the majority of factors (24/30). This is consistent with Bell’s and Lederman’s 
(2003) study of professors with different NOS views, where few differences were 
found in frequencies of decisions between the two groups. It is unsurprising that 
positions differ little between similar groups of scientifically literate preprofession-
als. However, on average SSI students cited more factors as influencing their deci-
sions, considering the number of citations for the SSI group was higher for most 
categories of factors (29/30).

Differences of 10% or higher between total SSI and BIO groups were found for 
four reason categories. In the global warming question cluster, BIO participants 
were more likely to support legally binding limits on carbon emissions (more pro-
nounced at sophomore level). One reason for this may relate to the fact that SSI 
participants were more likely to suggest alternatives to legislation, like incentives 
(62% vs. 48%) in this scenario. Perhaps having extensive experience with argumen-
tation helped SSI students to think creatively about alternatives to the suggested 
response. In this cluster, SSI participants were also more likely to refer to public 
perception of the US (24% vs. 10%). This difference may relate to their focus on the 
social aspects of problems and consideration of different perspectives. Many partici-
pants discussed how improving global perceptions of the USA could facilitate coop-
eration in solving problems like global warming. Finally, SSI participants were more 
likely to refer to evidence (44% vs. 34%) in their reasons for making decisions in 
this cluster. This difference could relate to the explicit focus on evidence-based argu-
ments in their core courses. Surprisingly, SSI participants were less likely to include 
environmental factors in their decisions (56% vs. 70% BIO). Perhaps BIO students 
were more attuned to environmental concerns, whereas SSI participants were more 
likely to focus on social concerns, or to more seriously consider both socioeconomic 
and environmental aspects of the problem. Overall, for the global warming cluster, 
SSI students included more reasons as influencing their decision, so perhaps SSI 
students viewed the problem as more complex then the BIO groups.

In the diet and health research/food choice cluster, SSI participants were more 
likely to report that they make food and exercise choices according to personal 
preferences or tastes (35% vs. 24%). This appears consistent with SSI students’ 
lower participation in regular exercise. The reasons for this difference are unclear. 
Although it seems SSI participants were aware of the benefits of exercise and 
healthy diets, they were less likely to apply this knowledge to their own lives. It is 
possible if students felt more comfortable with the researcher, they may have been 
willing to be more honest about their habits.

In the regulation of food and tobacco cluster, SSI students were more likely to 
discuss consistency with other laws as influencing their reasoning (20% vs. 8%). 
Although the difference for total groups was smaller, senior level SSI students were 
much more likely than BIO participants to cite availability of other options, like ban-
ning smoking in public places (67% SSI vs. 35% BIO). This may explain why senior 
level SSI participants were more likely to answer “no,” (80% SSI vs. 50% BIO) when 
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asked whether they thought cigarette smoking should be made illegal. This group also 
more often cited the importance of personal responsibility as a reason why smoking 
or foods should not be banned (73% vs. 40%). They were also more likely to discuss 
legislation of unhealthy foods or tobacco as a way to remove the problem, whether 
they supported it or not (73% vs. 35%). This result is unclear, but may relate to these 
students’ tendency to incorporate different ideas or positions in their responses.

Comparison of Reasoning

Using an independent samples t-test, mean reasoning scores were found to be signifi-
cantly higher for SSI students (M = 3.46, SD = .63) than for BIO students (M = 3.19, 
SD = .68), t(93) = −1.98, p = .05; (see Table 6.10). These results suggest that an SSI-
focused interdisciplinary major provides some benefits in reasoning with complex 
problems. Although most decisions and reasons behind decisions were similar for 
both groups, we expected that reasoning processes would be more sophisticated in 
SSI students. Theoretically, SSI students’ considerable experience with socioscien-
tific issues helped them to develop reasoning processes that could be applied to other 
issues. Both groups showed higher reasoning scores for senior level than sophomore 
level, which would be expected regardless of instruction, since higher levels of reflec-
tive judgment, which relates to reasoning in SSI, would be expected with develop-
ment and experience in a college environment (King & Kitchener, 1994).

For perspectives scores, although the SSI mean (M = 1.24, SD = .71) was slightly 
higher than the BIO mean (M = 1.04, SD = .57), the difference was not statistically 
significant (See Table 6.11). Still, it is worth noting that although the number of 
DMQ items in which participant responses included any reference to multiple per-
spectives was nearly equal between groups (SSI mean = 3.9; BIO mean = 3.8), of 
these responses, SSI students had a greater proportion of scores of 3 (55% vs. 47%), 

Table 6.10 Reasoning scores for SSI and BIO groups

Sophomore level Senior level Total

Bio (n = 30)
SSI 
(n = 30)

Bio 
(n = 20)

SSI 
(n = 15)

Bio 
(n = 50)

SSI 
(n = 45) Sig.

Reasoning mean 3.10 3.40 3.33 3.58 3.19 3.46 0.050*
Reasoning st. dev. 0.66 0.61 0.70 0.67 0.68 0.63

*p ≤ .05

Table 6.11 Perspectives scores for SSI and BIO groups

Sophomore level Senior level Total

Bio (n = 30)
SSI 
(n = 30)

Bio 
(n = 20)

SSI 
(n = 15)

Bio 
(n = 50)

SSI 
(n = 45) Sig.

Perspectives mean 0.93 1.10 1.06 1.26 1.04 1.24 0.154
Perspectives st. dev. 0.54 0.67 0.59 0.73 0.57 0.71
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and lower proportion of scores of 1 (34% vs. 43%). SSI students were somewhat 
more likely to consider other perspectives in depth and reach a logical conclusion. 
In responses given a perspectives score of one, an alternative perspective was refer-
enced, but not explained or elaborated. In responses scored 3 (more frequent for 
SSI), alternate perspectives were considered in depth and the participant was able to 
reach a resolution incorporating those different perspectives. This result may be 
related to the focus in the SSI program on fully considering different perspectives 
before committing to a position. Incorporation of other perspectives was considered 
an important part of a good argument, and students were assessed on how well this 
was done. In the sophomore level core course, one handout said explicitly, “The 
most effective arguments will take into account the points made by the opposition.” 
Consistent with this result, SSI students also noted in interviews that they were more 
likely to consider other perspectives than before entering the major. They reflected 
on the importance of being aware of other ideas and hearing from all sides.

The consistently higher scores of the SSI groups suggest that participation in the 
SSI program may foster more sophisticated reasoning with SSI. SSI students were 
more likely to use multiple justifications to support their positions and to better 
explain those justifications. This likely relates to the focus on reasoning with socio-
scientific issues in core courses. Students were routinely challenged to make evi-
dence-based arguments, using as much relevant and credible data as possible. Their 
arguments were assessed in position papers and critiqued by their peers and profes-
sors in debates.

It should be noted that average scores for both groups were fairly high (SSI: 3.46 
and BIO: 3.19 on a 5-point scale). On average, students from both groups were 
likely to include and elaborate on at least one justification of their positions. Few 
studies of socioscientific reasoning have been conducted with college students, who 
would be expected to exhibit higher levels of intellectual development and reflec-
tive judgment than middle school or high school students. Perhaps higher develop-
mental levels, especially considering the high achievement levels of our sample, 
may explain the fairly small, though significant differences in reasoning. In addi-
tion, in assessing reasoning with SSI, we could not control for many of the factors 
that could influence results. Although our comparison group of BIO students did 
not experience core courses and reported few SSI experiences in their science 
courses, they varied greatly in their experience reasoning with controversial issues. 
This could have diminished differences in reasoning between the two groups. Also, 
perhaps a greater difference between groups could have been found with a more 
sensitive instrument and coding scheme.

Interviews

In interviews, the majority of both SSI and BIO students’ responses to scenarios 
were consistent with King and Kitchener’s (1994) reflective stages. Student 
responses from both groups revealed their views of knowledge as uncertain, tentative, 



1156 Effects of an Interdisciplinary Program

and inquiry-based, except two SSI and two BIO students whose responses suggested 
there was a single “best” answer. Responses showed all students to perceive com-
plexity of problems with the exception of one BIO student who was hindered by it. 
All students considered alternate perspectives across contexts, except one BIO 
student who had difficulty resolving them. The majority of students in both groups 
sought resolutions by recognizing similarities in different perspectives, for exam-
ple, using their biological knowledge to illustrate how both carbon emissions and 
deforestation may contribute to climate change. All students except one BIO stu-
dent discussed applying criteria to logically evaluate evidence. For example, most 
students said that to persuade them make dietary changes, claims must have accu-
mulated a great deal of long-standing evidence.

The finding of few qualitative differences in key aspects of reflective judgment 
between SSI and BIO interviewees may be partly explained by the fact that all 
students in this study were high achieving pre-professionals who had reached high 
levels of development. However, this analysis was limited in that three probing 
questions could not capture the complexities of students’ reasoning. These brief 
scenarios did not warrant a more thorough evaluation of reflective judgment as used 
with the rubric for the Prototypic Reflective Judgment Interview (King & Kitchener, 
1994; Zeidler et al., 2009).

In spite of this limitation, when probing reasoning processes on scenarios, we 
found that SSI students tended to provide examples from their core courses when 
they saw relevance. For example, two of the SSI students interviewed compared 
a hypothetical argument that a causal mechanism between smoking and cancer 
has not been found to the classroom debate over whether HIV causes AIDS. SSI 
students also mentioned many examples of cases from their core courses when 
asked about their experiences with SSI or aspects of their major that they valued. 
Perhaps extended experience with SSI, as provided in the human biology major, 
provides a repertoire of cases students can access in relevant situations (Bransford 
et al., 1986).

Perceptions of SSI in Majors

Views of SSI Students

All SSI students interviewed mentioned that they highly valued incorporation of 
social aspects of biology-related problems in SSI (all names are pseudonyms). Gary 
described the major as follows:

the premise of our written assignments were to not only include the biology or the physiol-
ogy or the science aspect of what is going on in these problems [controversial issues], but 
also to discuss the social implications, whether it’s a good or a bad thing, what views are 
held, if we accept the view, what would that change about society, things like that. And so 
it’s almost like the core of the major is actually to focus on these things. Not simply what 
is the science, but how does it affect people and why is that important?
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Sarah contrasted SSI courses with traditional biology courses:

Because a regular biology class would be like, oh, this is what a retrovirus does, like AIDS. 
Well, now in this class, we’re learning all about AIDS, what goes into it, how it affects the 
body more in-depth, how it affects the social aspects, where in another class, we’re not 
really going to talk about, like how people get treatment … so I feel like what we get is 
more specific issues, but then within those issues it covers the whole range of the issue.

All SSI students except one senior level and one sophomore level student noted 
that the ability to consider multiple perspectives is important in science and health 
fields. Laura cited a recent newspaper commentary arguing that academics had 
become too specialized:

[The author] said, you don’t have anyone in the world who understands the water issue 
from every perspective. You have economists who understand it from that perspective, you 
have politicians who understand it from that perspective, you have people who are thirsty 
who understand it from that perspective. He said, but you don’t have anyone who can put 
it all together.

Laura argued that to solve eminent social and ecological problems like water 
conservation, decision makers need to be familiar with different disciplinary per-
spectives. Kelly also related the SSI major to science careers, explaining that it has 
helped her decide to pursue a degree in public health as well as medical training.

All SSI students also said that they valued having been exposed to new ideas or 
controversies in their major. Several students mentioned that SSI core courses illu-
minated controversy in issues they had never seen as problematic. For example, 
Laura said, “I didn’t know that there was going to be a water crisis until we studied 
it in [the senior level core course].” Shawna said, “I guess it kind of made me realize 
how controversial some things are that I’ve already had pretty opinionated stances 
on.” She said she had become more willing to reevaluate her positions in light of 
new information and perspectives.

Views of BIO Students

When asked how well prepared they believed they were to make decisions on sci-
ence issues with social implications, all BIO students said that they had little expe-
rience with SSI in traditional science classes they had taken. Polly said,

In terms of just the biology classes I don’t think that they have prepared me very well to have 
a stand because teachers usually, if they do bring up controversial topics…right now I’m 
thinking about stem cell research, um so I’m really interested in that, but the bulk of knowl-
edge I do have about that is outside of the classroom. And I took cell biology where they like 
touched on it, but I mean not into the amount of detail that one would need to have a stand.

In addition, all BIO participants felt that their biology courses focused primarily 
on mechanisms. They felt it was left to the student to connect social aspects or 
alternative perspectives. Ellen said,

I think they’ve kind of created those opportunities with the genetics and the molecular 
biologies to, um, understand the mechanisms behind this, but I think it’s left upon the 
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individual to like search for those answers [to SSI-related problems] in other disciplines or 
in the same disciplines in other fields…

Tracy said that such issues had been briefly addressed in her biology classes, but 
she had not had opportunities to explore them in depth. The professor gave “just the 
overall result, what we learned from it and move on.” When asked if she had had 
opportunities to integrate perspectives on socioscientific issues in her courses, 
Carrie said, “I would probably say no. I mean, they pretty much all focus in their 
own area. They never really connect to each other, explicitly. I’ve never really 
thought about it that much either.”

Although they had few experiences discussing SSI in their biology courses, all 
BIO participants said they had taken classes that explored social aspects of scien-
tific issues to some degree. These courses included anthropology and human genet-
ics, medical sociology, psychology, and religion and evolution. Approaches to SSI 
in these courses varied. Some students (two of four who discussed this) felt those 
courses focused on social aspects, expecting an adequate level of science back-
ground knowledge or providing quick summaries of the biology content. Carrie 
said of her medical sociology course,

I think that most of the students in that class were like premed or predental or whatnot, so 
I think that they probably assumed that you have some biological background, but, we 
never really got into anything really science, it was more like issues that, like people who 
were going into the sciences, particularly medical careers and how those related to socio-
logical aspects of how we live.

Relatively few students (two) said that their courses integrated biological con-
cepts and social implications.

Despite having little SSI integrated into biology courses, half of BIO partici-
pants at both levels reported feeling more able to make well-formed arguments with 
SSI. These students integrated their knowledge from science and social sciences 
courses to consider particular issues in depth. Kevin explained that the emphasis on 
supporting ideas with evidence in the biology major helped him to reason more 
effectively with SSI. “Honestly I think my major helped me argue this stuff a lot. 
Which is good, it gave me a way to [use] my evidence and support my theories with 
it, in all honesty, supported from a logical view, whether than being too emotional 
about one of my ideas.” Tracy attributed her ability to argue for a position in SSI to 
her anthropology courses. She said,

I thought at the beginning when you said that a lot of students are tripped up by the first 
questions [from DMQ] was interesting because I know for a fact that if I didn’t have a 
lot of my anthropological classes, I would get tripped up on those. But since I’ve 
applied them, and have to explain them over and over again, it’s like I have a deeper 
understanding, whether they are correct or not, of being able to sit with someone and 
explain the effect to them. And then, I love the smoking example, because it’s definitely 
something I’ve thought about and I just, I was very excited to write about what I 
thought.

Overall, BIO participants expressed concern about SSI and found ways to apply 
their biological knowledge to such problems.
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Student Perceptions of Majors

Perceptions of Personal Outcomes

SSI Group

When asked what they valued about their experience in their majors, SSI participants 
consistently discussed outcomes of SSI aspects of their programs. In interviews with 
SSI students, the parts that addressed SSI and the parts that addressed valued out-
comes generally overlapped or ideas were repeated. SSI students valued having the 
opportunity to explore controversial interdisciplinary issues in depth. They felt they 
had improved their abilities to discuss and take positions on these issues, and they 
noted that this competency was essential for future careers in science or health care. 
They also felt that the major offered them opportunities to understand controversies 
they were not familiar with and situations they never before saw as problematic. 
When asked about the major student outcomes instructors worked toward, the neu-
roscientist instructor of the sophomore level core course said,

The major outcomes that we’re looking for mirror the outcomes of the program as a whole, 
that we’re looking for the students to be able to think more critically, more flexibly, about 
the problems that we talk about in the course, and what makes our course specific is the 
context that we frame those problems within.

Clearly, SSI participants at both levels grasped this central program goal.
All SSI participants said they felt more able to consider multiple perspectives as 

a result of participating in the program. Shawna explained, “I think it’s been good 
to see both sides of things. I guess I’ve kind of gotten a little less opinionated in the 
sense that I’m a little bit more open to other reasoning that I never saw as logical 
before but I guess I understand them better now.” All SSI students except one 
sophomore level student reported feeling more able to discuss controversial issues 
or take a position on such issues. Kelly said,

I’d say the overall goal is just making us question information we’ve been given and evalu-
ate our own things that are important to us, and to try to really get out what you believe in. 
It’s helped me grow, having confidence in doubting something. Like I guess before I kind 
of never even thought to doubt stuff, like one professor told me is true, like what I learn in 
school is true, and I’ve never been encouraged to doubt something.

Sarah said, “I just think I have a broader outlook on things now when they’re pre-
sented to me, instead of just like, oh this is what happens like this, when I can be like, 
oh well, this [is an] issue that surrounds it and you have to think about what if this hap-
pened, and contrast it.” Through discussion of SSI issues in core courses, students 
learned to question information presented, and to explore different aspects of the issue.

BIO Group

BIO participants also valued many aspects of their major, although none of the 
students voluntarily brought up SSI-related outcomes. More than half of BIO 
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participants said they developed diligence or responsibility in their major. Kevin 
said, “It’s honestly, the main thing it’s taught me to do is how to establish goals and 
meet them myself.” Most BIO students (75%) appreciated opportunities to learn about 
new ideas and discover new passions for science. Ella appreciated being exposed to 
“new and upcoming ideas.” Ellen said she gained a better understanding of science and 
its “utility for the world.” Polly said the biology major “has made me love science even 
more. Learning about it made me want to pursue my goals, I guess.”

Half of the senior level BIO participants said they learned about the challenges 
of scientific research or graduate school. Ellen said,

This major has helped me to see that things take time, and um, it has allowed me to see that 
you’re not always going to have a direct result, sometimes, I don’t like this answer, but 
more often you’re gonna fail than you succeed, and that’s in experiments as well, so and 
the importance of diligence, so that’s what this has helped me to see.

She noted that her experience in a research lab as well as in her classes helped 
her see that scientists must learn to accept failure and frustration as part of their 
daily experience. After graduation, she intended to gain more experience in a 
research lab to prepare her for the psychological rigors of medical school. She said, 
“You need to be able to take it mentally—deal with the stress.”

Although participants did not feel that their biology courses offered opportuni-
ties to learn about or discuss socioscientific issues in depth, many felt these courses 
helped them understand biological mechanisms more thoroughly, which enhanced 
their understanding of socioscientific issues discussed in other classes. One sopho-
more level BIO participant explained that she was disappointed in the lack of 
opportunities to discuss SSI, so she planned to change her major to anthropology 
while maintaining a premedical curriculum. Tracy said,

And that’s the problem I fell into was that the classes that I was taking, understandably, 
were the basics of everything, that was my problem, it was like, when am I going to get to 
the things that I can truly apply in my every day world? That’s not to say, as I learn right 
now about the many steps of transcription and translation, it’s beautiful and I like to learn 
about it, but it would be cool to watch the news and how they talk about global warming 
and the ice caps melting and exactly be able to say, you know, why is that, why is it that 
CO2 levels are contributing to the atmospheric thickening, where as I feel like I almost get 
that information from the media, from watching An Inconvenient Truth.

Perceptions of the Learning Environment

SSI Group

All SSI students interviewed valued the team-teaching approach in the program. 
They appreciated having experts from different disciplines model the integration of 
perspectives to approach an issue. They also valued the accessibility of knowledgeable 
teachers to help them apply complicated content knowledge. Dana said, “It’s inter-
esting how they have usually two teachers teaching together … they had a neuro-
scientist with a sociologist teaching together to just give you a lot of different 
perspectives on disease … It’s very integrated and they try to give you as much 
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different backgrounds as possible.” Laura felt that integration of perspectives varied 
among her core courses. She felt some professors were too attached to one disci-
plinary perspective when dealing with issues, and this was an ineffective model for 
problem solving with socioscientific issues.

The majority of SSI students (three-fourths at both levels) said that they valued 
collaborative work in their major. Laura said,

So they [core classes] are very team-based. And the rationale behind it has to do with the 
fact that when you get out into the real world, nine times out of ten, most jobs you’re going 
to be working in a team … In some ways it’s very effective and in other ways it’s really 
annoying. But I guess that’s more how real life is anyway.

Sarah said, “Now I know how to depend on other people, and I know how to 
provide to the team as well, or provide to just anybody who’s depending on me.” 
Although they valued teamwork in the major, many of the SSI students interviewed 
said they found the team work challenging. They cited different expectations and 
uneven levels of engagement among team members as sources of frustration.

BIO Group

Although they noted that biology classes tended to be lecture-driven, all BIO par-
ticipants said that they valued opportunities for independent research or participa-
tion in a lab. They said those experiences helped them to see how science is really 
done. Chloe noted that participation in a research lab helped her see how as a sci-
entists, you use “your own underlying process,” as opposed to a strict classroom 
definition of the scientific method, where “they teach you rigid steps.” Ellen felt 
that her experience in a research lab opened her eyes to new opportunities for dis-
covery in biology she would not have known from classes alone. She said, “Others 
may feel there’s one track to go through biology—they’ve only seen one side of 
biology.” Polly also felt her experience in her major was dramatically enhanced by 
participation in a research lab. When asked how her experience would have been 
different if she had “just had the courses,” Polly said, “Oh, I think it would be really 
different. Yeah, I wouldn’t know the material as well probably. I wouldn’t enjoy it 
as much because I wouldn’t understand really as well as I do, yeah, so that would 
be unfortunate I’d say.”

Other students felt that experiences in both research labs and course laboratories 
reinforced their conceptual learning in their biology classes. Kevin said, “I know 
certain people who do learn better from the books, but I believe more so people 
learn better from the labs … You have to understand it if you do an experiment 
rather than just regurgitate information you’ve heard about it.” Kevin also felt that 
the few inquiry-based course labs he took helped him understand how scientists 
pose questions.

Some BIO students also noted that research lab experience and course labs 
helped them understand the breadth and big-picture goals of science. Natalie said, 
“I think that the labs have helped me to have a glimpse of what kind of fields of 
biology are out there. Like [histology class], I love it because I want to go into that 
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field, pathology, or histology.” Tracy noted, “It’s interesting [working in a lab] 
because you see what all this work goes into. You see why you have to have the 
basic understanding.”

As well as laboratory experience, all BIO students said they valued opportunities 
for discussion or debate. BIO participants described discussion sessions associated 
with courses as opportunities to review concepts and work through problem sets in 
a nonthreatening environment with a graduate or advanced undergraduate student. 
Natalie said, “[I learn best in a] discussion type thing, when the professors, they’re 
not down some stairs all the way at the bottom of the lecture hall.” Carrie said, “I 
think [discussion sessions are] definitely helpful, because you can see stuff hands 
on that’s just not being, like being lectured to you in class, like you can do that kind 
of stuff. I mean, discussion helps a less threatening environment.” Ellen mentioned 
that she also valued opportunities to discuss controversial issues in her biology and 
social science courses. She said, “I welcome debates, but I think, I kinda like when 
your perspectives are challenged because it allows you to prove what you know, 
why you know it, and why it should matter.”

When discussing the level of community in their majors, all except one senior 
level BIO students said community is not facilitated, but develops, especially in 
upper level classes. They explained that the large size of the major makes develop-
ing a sense of community difficult. Polly said, “I wouldn’t say it’s like collaborating 
is discouraged, but it’s just not facilitated too much.” Kevin noted that the common 
practice of grading on a curve in biology classes seemed to discourage some stu-
dents from working with other students. However, he said that many students 
worked together in spite of this. BIO participants also noted that a stronger sense 
of community developed in upper-level students as class size decreased. Two dis-
cussed a particular social event for senior biology majors that helped them feel 
more connected.

The majority of BIO students said that interacting with faculty was available 
when students sought it (half of senior level and all sophomore level). When asked, 
“Do you have an opportunity to get to know the professors?” Carrie said, “I would 
say that you have to make an effort to do that, it’s not easy to do that. I especially 
think it’s hard when you’re doing well in the class, you don’t really have any mood 
to go into office hours, so, you know.” Overall, BIO students explained that going 
to office hours was the primary way to get to know their professors, but they felt 
that professors clearly wanted to help students.

Summary of Major Findings

Our first research question was “Do SSI majors reason with SSI differently from 
BIO majors?” We found that SSI students showed higher levels of reasoning with 
SSI and that they showed tendencies toward incorporating different perspectives 
into their decision-making (although the differences in perspective-taking between 
the SSI and BIO groups were not statistically significantly different).
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In response to research question 2, “How do SSI and BIO majors’ perceptions 
of their experiences with SSI differ?” interview responses showed that SSI students 
“bought in” to the importance of recognizing different perspectives in decision-
making and were more perceptive to controversy and complexity of science-related 
situations as a result of participating in the SSI program. In addition, SSI students 
appeared to use case studies from core courses to reason with new similar prob-
lems. These findings together suggest that classroom experience with SSI with a 
focus on integrating different perspectives, impacts students in their awareness of 
and approach to real-life problems as well as their ability to reason effectively with 
such problems.

In response to Question 3, “How do SSI and BIO majors’ general perceptions of 
their majors differ?” interviews suggested that students from both groups valued 
their majors and were satisfied with personal outcomes. SSI students consistently 
viewed ability to integrate different perspectives and understand the social aspects 
of scientific problems as significant program outcomes. SSI students also valued 
aspects of the learning environment designed to support ethical, cognitive, and 
epistemological development, including an inclusive, collaborative environment 
and supportive relationships with faculty. SSI students felt a greater sense of com-
munity as compared to BIO students. These findings support the idea that careful 
structuring of the learning environment provides essential components of learning 
through SSI.

Implications and Emergent Questions

Incorporation of SSI in College Science

The SSI program represents one thoughtfully developed way to integrate disciplin-
ary concepts and engage students in reasoning with SSI in a college setting. Core 
courses may be considered a consistent venue for reasoning with SSI throughout 
the program. The neuroscientist professor of the sophomore level core course 
explained that the core courses were designed specifically for this purpose, while 
biology courses should supply more in-depth biology content. Addressing biology 
content, he said, “That’s what you’re going to get if you want to learn cell biology, 
that’s why [this university] has a great resources, people who know a lot about cell 
biology, you go over there and you take those courses, if it makes sense for your 
curriculum.” According to the faculty members involved in this study, core courses 
are not considered biology courses.

Still, professors in the SSI program recognized a resistance from students who 
felt their core courses should supply more biology content. The sophomore level 
neuroscientist professor argued that biology content should be taught, but framed 
differently from a traditional biology class. He said,
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The idea is that the content that we want them to walk away with is content that will allow 
them to apply their newly gained knowledge of bacteria to a variety of situations. Which I 
think is different from the way they approach it in the biology department, and having sat 
through some of those courses, I know that one of the things is you memorize this, this is this 
specific bacteria and this is that specific virus and you memorize what they look like. And we 
don’t so much care about what they look like, we care about how is this disease similar to 
that one, and why would you treat something with antibiotics and one infection with antibiot-
ics and another one you wouldn’t. Why is that? Those are the kinds of questions that we want 
the students to be able to understand because they see things on the news about this infection 
that’s occurring and a lot of lay people say, oh take antibiotics. That doesn’t work!

This illuminates an important question for future research: How should content and 
socioscientific reasoning be balanced in college science majors? Considering that 
science courses cover a great deal of content, some may argue that SSI should be 
explored through other venues, like independent projects or other courses like the 
SSI core courses. However, if SSI are not incorporated into science content courses, 
only students motivated to pursue such experiences may be exposed to them. This 
also raises the question of whether socioscientific reasoning should be a mandatory 
or optional part of undergraduate science training.

Structuring of the Learning Environment

It is important to note that the learning environment played an important role in 
students’ perceptions of their majors and personal outcomes. The SSI and BIO 
groups discussed different types of class activities as being important to their learn-
ing. Both groups valued opportunities for discussion and application of concepts. 
BIO participants were more likely to cite class discussion sessions and labs and 
participation in independent research projects as critical experiences for their learn-
ing. SSI participants more commonly cited case studies as important opportunities 
to apply concepts. Throughout the interviews, SSI participants cited many exam-
ples of case studies from core courses, and often related them to other issues. This 
may have implications for transfer of knowledge and skills to new problems.

Another important aspect of the learning environment involved the sense of 
community. SSI participants valued a sense of family among students and profes-
sors. Part of this they attributed to a small program and part they attributed to the 
team-based nature of core courses. They felt that working in teams prepared them 
for collaborative work environments and helped them develop confidence in their 
interpersonal and public speaking skills. BIO participants did not feel that their 
major was structured to support community, primarily because of its size. Individual 
interaction with professors was not structured, but could be fruitful when students 
pursued that interaction.

This raises the question of how SSI learning environments need to be struc-
tured. Sadler (2009) argues that participation in communities of practice  
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(Lave & Wenger, 1991) is central to SSI. Students must come to understand the 
culture of the community, including its rules and practices, and they adopt and 
project particular identities within those communities. Our study illustrates fruitful 
communities of practice established in core courses; however, these courses were 
rich in resources, including interdisciplinary faculty, low professor to student ratios, 
and semester-long courses allocated for SSI-based instruction. This leads to the 
following questions. Can learning environments that purposefully nurture commu-
nities of practice in SSI-contexts be structured for large classes, or is a small class 
size important to this aspect? If effective communities of practice could be estab-
lished through an SSI framework in large majors like biology, could this help 
students feel more supported and increase persistence in science majors?

Connecting Complementary Literatures

In this study, we applied an SSI framework to a program developed independently 
from the literature on SSI. We found the goals, pedagogy, and outcomes extremely 
consistent with the SSI literature. Considering that scholars from different back-
grounds work toward similar goals in college program development, it is important to 
connect the science education literature on SSI to bodies of literature that other inter-
disciplinary interventions in college settings may work with. One existing example is 
a study by Zeidler et al. (2009) that assessed outcomes of an SSI intervention using 
the Reflective Judgment Model, a work familiar to many college educators. Future 
work in SSI should make research published in different bodies of literature acces-
sible to teachers and researchers from different disciplinary backgrounds. In-depth 
reviews from research across disciplines would help researchers recognize and under-
stand nuances of terminology addressing similar concepts. Work from different dis-
ciplinary perspectives can provide additional evidence and strengthen rationales for 
SSI. In addition, combining research and curriculum descriptions could enhance 
future SSI interventions for students of different age groups.

SSI with Science Majors

This study suggests that incorporation of SSI can influence college students’ rea-
soning with such issues and how they value understanding different perspectives 
and incorporating different disciplines into their decision-making. One future direc-
tion is to investigate how SSI learning environments affect students’ thinking about 
science careers. SSI students who were interviewed in this study were convinced 
the ability to reason integrating both scientific and social aspects of problems was 
an essential competency for decision-makers in science fields. Future studies may 
investigate whether students who experience SSI are more likely to be aware of the 
complexity of problems faced by science professionals and if they recognize a need 
to incorporate different perspectives. For example, how might exposure to SSI 
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influence a premedical student to think about addressing different aspects of 
patients that influence their health, such as availability of healthy food, limitations 
on their ability to travel to clinics or pharmacies, or psychological states that may 
influence behavior? This may also have implications for medical education. The 
Institute of Medicine (2004) has recently stated, “physicians must be equipped with 
the knowledge and skills from the behavioral and social sciences needed to recog-
nize, understand, and effectively respond to patients as individuals, not just to their 
symptoms” (p. 16). Clearly, postsecondary education is in need of effective strate-
gies for integrating the life sciences and social sciences to help professionals man-
age complex problems.

Conclusion

Overall, this study contributes to our understanding of how an SSI-focused, 4-year 
program can help students reason and make informed decisions on real and com-
plex problems. With the assumption supported that traditional university biology 
teaching provides few opportunities for critical evaluation of interdisciplinary prob-
lems currently called for (AACU, 2007), it provides an example of effective SSI 
teaching, with modeling of reasoning from social science and biological disciplin-
ary perspectives. The study provides a springboard for new studies investigating 
SSI in interdisciplinary college contexts.
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Impacts of SSI-Based Education

Sadler: This is a very interesting chapter in that it is features several unique 
elements as compared to most other chapters. Most other chapters deal with 
researcher-designed (or at least influenced) SSI-based interventions that are rela-
tively limited in scope on the order of weeks. The chapter by Dana Zeidler and 
colleagues addresses a considerably longer curriculum (1 year), but Eastwood, 
Schlegel, and Cook explore SSI infused across an entire 4-year program. These 
authors also offer the only study of SSI situated in a college context. The work 
associated with designing and implementing this program is obviously extensive 
and the multifaceted research design and execution is equally ambitious. I commend 
the authors on both aspects of this work and believe that the broader community 
interested in SSI education can learn a great deal through this presentation.

One of the study results that grabbed my attention was the comparison of 
reasoning between the two groups. My interpretation of the “take home message” 
was that the two groups did not seem to engage in reasoning that was qualitatively 
different (i.e., the groups did not take up significantly different positions or rely on 
significantly different rationales) but that the SSI group demonstrated higher qual-
ity reasoning. This was the same kind of result that we saw in a study comparing 
SSI reasoning between undergraduate science majors and undergraduates studying 
nonscience disciplines (Sadler & Zeidler, 2005). Both groups engaged in the same 
kinds of reasoning patterns but the science majors offered higher quality reasoning 
in the discussion of SSI. The chapter documents statistically significant differences 
in the SSI and BIO group reasoning scores on the order of about .4 standard devia-
tions. I would be interested to hear more from Jenny in terms of how practically 
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significant these differences are. Using conventional definitions of effect sizes, 
I can interpret this gain as moderate, but that clearly would not tell the whole story. 
Jenny was in the classes and saw the curriculum implemented; she also conducted 
interviews and poured through the data as the primary researcher. This puts her in 
a unique position with respect to the interpretation of these results. Jenny, given 
your vantage point, what do you see as the practical significance of these results?

Eastwood: The difference in reasoning between the two groups is not huge, but it 
is meaningful in light of my experiences interacting with students and being in the 
classroom. There are many reasons why finding a large difference between groups 
would have been surprising. All of the participants in the study were science 
majors, so they were all good students and presumably all of them cared about sci-
ence and envisioned futures related to science. The students had diverse back-
grounds, and as I learned in interviews, the SSI core courses were not the only 
courses on campus that involved SSI. Some BIO students had extensively read and 
discussed SSI on their own initiative and some SSI students tried to slide through 
their major with as little reflection as possible. Additionally, the questionnaire and 
rubric was limited in its ability to definitively assess students’ reasoning with SSI. 
Participants were simply asked to take a position on questions related to scenarios 
and explain their reasoning. Given conditions more authentic to real-life decision-
making, like more time for reflection or opportunities to discuss the issues with 
others, the reasoning outcomes could have been quite different. Accurately assess-
ing reasoning with larger sample sizes is a challenge.

In light of these limitations, a statistically significant result was encouraging. 
Still, my impressions of the practical significance of the results are shaped more by 
the student and professor interviews and classroom observations. The aspect of the 
program that seemed most significant for gains in reasoning was the consistency of 
the SSI-based learning environment and the way instructors explicitly guided stu-
dents on a trajectory toward better reasoning. In class, professors constantly 
reminded students to back up their positions with evidence and they modeled criti-
cal evaluation of evidence and conflicting viewpoints through many different 
examples. Students were even asked to reflect on how they learned to take commit-
ted positions on issues and advocate for particular causes.

These emphases in the SSI program came through very clearly to the students and 
they seemed to internalize the value placed on informed decision-making. SSI stu-
dents consistently explained that the program changed the way they approached 
controversial science issues. They discussed being more open to carefully consider-
ing different perspectives on issues and some acknowledged that they would not 
even have been aware of certain controversies if they had not been in the major. They 
also tended to relate issues they had discussed in class to examples or questions in 
the interviews and questionnaires. These results taken together suggest that the pro-
gram helped students learn to seek out different perspectives and use their experi-
ences with SSI as reference points for new issues they encounter. They seemed to 
recognize their growth toward a more mature way of thinking about SSI.

Students interviewed from the BIO group were also very interested in SSI, but 
consistently reported that courses in their major were not geared toward preparing 
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them to make informed decisions on such issues. A common perspective (including 
one of the SSI professors) was that biology courses were there for learning in-depth 
science content and reasoning with SSI could be sought elsewhere. BIO students 
may have cared about SSI, but they were not consistently engaged in SSI activities, 
at least not in their biology courses. They did not volunteer insights on seeking out 
multidisciplinary perspectives and different points of view. They had varying levels 
of confidence in their abilities to reason with SSI but did not feel that their college 
major prepared them to reason with SSI.

Although I feel encouraged by the SSI students’ enthusiasm and professed intel-
lectual growth, I realize it is important to differentiate between students’ self-reflections 
on their reasoning and “outside” assessments of their reasoning. Based on my expe-
rience with the SSI program, I would gladly advocate for SSI-based programs that 
build instruction around development of informed and ethical decision-making. 
However, even if goals of scientific literacy and responsible decision-making are 
embraced, I think more evidence of gains in reasoning will be needed to justify the 
kind of restructuring that would need to occur in colleges and universities.

SSI and Interdisciplinary Education

Eastwood: Interdisciplinary education is a popular theme now, especially in 
college education circles, but little empirical research currently exists on the topic. 
SSI is by nature interdisciplinary science education that is developing a distinct 
discourse. However, from my perspective, the term, “socioscientific issues” does 
not seem to go beyond the science education community, even where interdisciplin-
ary science teaching and learning is discussed. Although the human biology pro-
gram discussed in this chapter was clearly doing SSI very effectively, the term 
“SSI” and the related literature was unfamiliar to the faculty involved. Another 
example is the NSF-funded project, Science Education for New Civic Engagements 
and Responsibilities (SENCER), which has sought to “improve undergraduate 
STEM (science, technology, engineering and mathematics) education by connect-
ing learning to critical civic questions” (http://www.sencer.net/About/projec-
toverview.cfm). The organization provides faculty development opportunities and 
excellent resources like issues-based course models and encourages educational 
research. Although this project is also very consistent with the goals of SSI, I found 
no references to SSI in documents available from the SENCER website. Clearly 
both the SSI community and members of other disciplines who are carrying out and 
conducting research on interdisciplinary, issues-based science education can benefit 
from each others’ work. My question is how the SSI community, which values 
integration of different perspectives to address problems, can become more con-
nected with others who are trying to accomplish many of the same goals for college 
students. What do you see as hindering these connections?

Sadler: The issue raised here points to the insularity of academic disciplines and 
is certainly not just a problem for SSI and interdisciplinary education. The lack of 
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communication across disciplines is a problem for many areas; although, it is 
somewhat ironic that in this case, in particular, more interdisciplinary collabora-
tion is not seen. The “academy” and the established norms and expectations for 
researchers are structured in ways that work against cross-disciplinary communi-
cation. This is not to say that cross-disciplinary approaches cannot or do not exist. 
I see the recent emergence of the learning sciences as a very nice example of how 
scholars can create opportunities to draw on the expertise of multiple, previously 
isolated disciplines or subdisciplines. The learning science movement has created 
space for scholars to build on research in the cognitive sciences, information and 
communications technology, science and mathematics education, and instructional 
design in productive ways. In the case of SSI and interdisciplinary education, I 
think it will take the efforts of a few dedicated scholars well-grounded in both 
communities to show how drawing from the two strengthens efforts in either com-
munity and ultimately moves the broader field of education toward goals associ-
ated with improving science education and promoting scientific literacy.

Jiménez-Aleixandre: I have been involved in interdisciplinary programs when I 
was a high school teacher, but carrying them out at the university level is exceed-
ingly difficult. Interdisciplinary programs pose many challenges, some related to 
their implementation, and others to research about them. The chapter authors 
explicitly identify some of the challenges:

Many factors contribute to the complex learning environment of an SSI unit or course. 
In the SSI classroom context, variables contributing to student outcomes cannot be easily 
isolated to reveal their direct contributions to student outcomes. Particular aspects of 
instruction can influence students’ knowledge and perceptions to different degrees and 
complicate findings.

This is a very important point. Even in courses focusing on just one subject, learn-
ing environments are complex, and interactions among students, teacher, curricu-
lum, and social context are difficult to unravel. Therefore, as the authors say, 
variables cannot be easily isolated.

HIV/AIDS as SSI Content

Jiménez-Aleixandre: The SSI course was structured into three modules: death 
and dying, infectious disease, and HIV and AIDS. I think that the HIV/AIDS case 
offers a very productive context for SSI-based education. The case raised by the 
authors, in which scientists have disagreed about the causal mechanism of AIDS, 
provides on interesting avenue for science education. Another topic-related issue 
that we have used in biology education courses is the claim by Pope Benedict 
XVI in March 2009 about the AIDS epidemics in Africa. At the outset of his first 
visit to the continent as Pope, he claimed that condoms were not the answer to 
the continent’s fight against HIV and AIDS and that condom use could even make 
the problem worse (Butt, 2009). He recommended sexual abstinence and fidelity 
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as means of preventing HIV and AIDS. This claim, which was contested by 
health agencies as well as Catholic priests and nuns working in Africa, illustrate 
the interactions between beliefs grounded in ideological stances and health-care 
recommendations based on scientific evidence. In the more fundamentalist 
strands of Catholicism, the Pope is perceived to be infallible, and although this 
infallibility only affects his theological productions, the implication is that what-
ever he claims is true. On the other hand, the claim seems to support the reserva-
tions about the causal relationship between HIV and AIDS, casting doubts about 
the process of infection and how to prevent it. The Pope never offered scientific 
justifications for his position. This case could be a used as an example illustrating 
the difference science and religion and criteria for claims made in either domain. 
The situation becomes problematic when ideological positions, like the one made 
by the Pope, are interpreted as a claim based on scientific evidence, as is the case 
with many SSI.

The senior course also offers an interesting example of integration, not just of 
content, but also of action, engaging students in community service. It is an exem-
plary model for environmental education courses. Another feature of the paper that 
has potential to be useful for researchers is the rubric combining reasoning and 
perspectives presented in Tables 6.2, 6.3, and 6.4. The study may help us to under-
stand and decide how SSI learning environments (and related communities of 
practice) should be structured.
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Recent educational reports in the USA (Duschl, Schweingruber, & Shouse, 2007), 
the UK (Osborne, 2007), and elsewhere in Europe have called for a science educa-
tion that places an emphasis on scientific literacy, and makes the connection 
between science and everyday life. The focus of this approach is on the social 
aspects of science, aiming to prepare young people for life beyond school. 
Aikenhead (2006) has attempted to define the term by explaining scientific literacy 
as acquiring knowledge for science—that is, both knowledge of the content and 
knowledge about science, which he sees as the social processes of science. 
Likewise, in national reform documents, the core of scientific literacy is related to 
understanding knowledge and processes of science, and the application of this 
knowledge (AAAS, 1993; National Research Council, 1996). For example, the 
most recent US science education reform document states that:

Expectations of what it means to be competent in science and understanding science have 
also broadened. […] Learners who understand can use and apply novel ideas in diverse 
contexts, drawing connections among multiple representations of a given concept. They 
appreciate the foundations of knowledge and consider warrants for knowledge claims. 
Accomplished learners know when to ask a question, how to challenge claims, where to go 
to learn more, and they are aware of their own ideas and how these change over time. 
(Duschl et al., 2007, p. 19)

This call for the emphasis in science education on understanding the evidence and 
claims of science and being able to assess them is associated with the shift from 
studying science as exploration and experiment to studying science as argument and 
explanation (Duschl et al., 2007). For instance, Duschl (1990) argues that if we do 
not present science as a process of revision and substitution of knowledge claims we 
run two risks. Firstly, to develop in students the perception that “scientific knowl-
edge growth is governed by the addition of new ideas, facts and theories to old ones” 
(p. 54) and, secondly to portray science as an activity in which scientists always 
agree. Hence the emphasis on teaching argument and explanation can contribute to 
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students’ appreciation of both the power and the limitations of scientific knowledge 
claims. Such an understanding is increasingly required within the context of a society 
where scientific and socio-scientific issues (SSI) dominate the cultural landscape, 
where social practices are constantly examined and reformed in the light of scientific 
evidence, and where the public maintain an attitude of ambivalence (Giddens, 1990) 
or anxiety about science (Beck, 1992).

The work presented in this chapter is informed by these recent trends in science 
education, and the goals of my research in the context of socio-scientific issues 
have been related to argumentation (a component of scientific literacy) and engag-
ing students with problems from their local or national communities as a means to 
improve their science learning experiences. In the early stages of my work, I explored 
SSI contexts: (a) as a way to improve elementary school students’ systems thinking 
(Evagorou, Korfiati, Nicolaou, & Constantinou, 2009), decision-making (Nicolaou, 
Korfiati, Evagorou, & Constantinou, 2009) and (b) as a way to support students’ 
collaborative argumentation (Evagorou & Osborne, 2007, 2008) when supported by 
the use of technology and more specifically scaffolded with tools from the WISE 
platform (Linn, Eylon, & Davis, 2004). WISE (Web-based Inquiry Science 
Environment) is an online platform that was developed to scaffold teachers and 
learners as they were learning to take advantage and manage new Internet technologies 
(Cuthbert & Slotta, 2004). The tools within WISE are designed based on four 
metaprinciples: (a) making science accessible to all students; (b) making thinking 
visible by modeling students’ ideas and evaluating how these ideas are transformed 
and synthesized to form new knowledge; (c) helping students learn from others by 
encouraging them to build on ideas presented by others and question peers or 
experts, and (d) promoting autonomy and lifelong learning (Linn et al., 2004). 
Early research in WISE focused on improving the platform, adding new tools or 
redesigning the existing tools that were integrated in the environment, in order to 
improve learning and scaffold students in more effective ways. Results from early 
studies were used as a means for refining the four metaprinciples (Linn et al.). The 
first projects implemented in WISE placed an emphasis on teaching heat and tem-
perature through the use of simulations. Some of the projects implemented later 
included learning skills such as evaluating data gathered from websites, connecting 
claims to evidence or discussing findings with peers. More recent work has focused 
on using the tools within WISE to support students while collaboratively constructing 
arguments (Clark & Sampson, 2008). The choice of WISE is based on the evidence 
from previous research that the tools can support students as they collaborate with 
peers in their effort to investigate an issue (e.g., Bell, 2004).

For the first WISE project that was implemented in Cyprus, the problem that 
served as the curricular and instructional focus was not a real issue. Our group 
designed the project as a way to introduce systems thinking, and it focused on ways 
to control the population of the mosquitoes in a swamp. The elementary school 
students explored the issue through information provided to them; they used WISE 
tools to collect and organize information, and then reach a decision using their 
systemic knowledge to build computer models that would predict the long-term 
effects of their proposed solutions (e.g., use chemicals or introduce new species). 
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For the second WISE project we featured a problem that had emerged as a national 
issue in the UK. The focal issue related to the decline of the indigenous grey squirrel 
because of the introduction of the red squirrel. This project was implemented in the 
UK with middle school students and they used the WISE platform and tools to 
collect and organize information about squirrel ecology as well as prepare and 
discuss their arguments regarding ways to control the population of the grey 
squirrels online.

These learning environments helped students to engage with the different SSI 
and improve their systems thinking, to build their content knowledge related to the 
system and to strengthen their argumentation practices. The implementation of the 
two projects also helped to understand some deficiencies in the design. For exam-
ple, the students did not have any personal experiences with the issues presented 
since they did not constitute real or authentic problems for them or their nearby 
area. Hence, the students did not have opportunities to collect evidence from the 
field to support their arguments, and were not motivated to further explore the 
problem. Another design problem was that the curriculum materials were designed 
by researchers, but not in collaboration with teachers that hold a more practical 
understanding of the classroom reality. Based on these experiences and the ideas 
and questions generated from my involvement in these projects I started developing 
a new research project that received funds from the Cyprus Research Promotion 
Foundation. This research project, the focus of the chapter, is called Technoskepsi, 
from the Greek words technologia (technology) and skepsi (thinking) and aimed to 
collaboratively develop (with a group of teachers) curriculum materials making use 
of technologies (the WISE platform and handhelds) in order to support elementary 
school students’ argumentation through the context of an SSI. An additional element 
of the learning environment was the integration of formal and nonformal settings 
for students’ investigations that would provide field experiences and an authentic 
aspect of the science learning process (Braund & Reiss, 2006) for the students.

Project Goals

The Technoskepsi project had four goals, both design and research goals: (1) to 
design, in collaboration with teachers curriculum materials that will support younger 
students’ argumentation within an authentic SSI; (2) to explore elementary school 
students’ arguments and collaborative argumentation, (3) to explore the use of WISE 
and handhelds and the effect they might have on students’ learning; and (4) to 
explore supplementing formal with nonformal settings, and understand their impact 
on students’ argumentation, decision-making, and emotions toward science.

One of the main goals of the Technoskepsi project was to utilize the knowledge 
and experience of a group of teachers in order to design curriculum materials that 
will support elementary school students’ argumentation and decision-making 
within an SSI, making use of technology. The decision to involve teachers in the 
process of designing the curriculum is associated with results from the implementation 
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of curriculum materials from previous projects that indicated that teachers felt they 
did not have ownership of the materials because they were not involved in the 
design process. Furthermore, feedback from the same teachers states that researchers 
design curriculum materials for classes without having the experience from the 
classes. In order to address these issues I recruited four elementary school teachers 
to work collaboratively on the design of the curriculum. The teachers, two female 
and two male had special interest either in the use of technology or in science edu-
cation, and were already working as elementary school teachers in Cyprus at the 
time. Table 8.1 shows the qualifications and years of teaching experience for the 
four teachers that participated in the design group.

Initially the four teachers participated in four, 3-h meetings aiming to familiarize 
the teachers with the goals of the research project and the main theoretical perspec-
tives of the project: (a) argumentation, students’ difficulties, and methodological 
issues, (b) socio-scientific issues and their importance for science learning, (c) scaf-
folding science learning with the use of technology, (d) sociocultural theories of 
learning, and (e) project-based learning. Between meetings, the teachers had to read 
papers, evaluate curriculum materials, and prepare short activities on the topics 
discussed. An online environment was designed in which the teachers could find all 
resources and also discuss issues with the other members of the group. In one of 
the meetings, Aris suggested the design of curriculum materials that would focus 
on the study of a socio-scientific problem that was causing problems to the com-
munity of his school. This problem was associated with a pig farm near this com-
munity. The issue was generating a lot of media coverage primarily because of 
complaints from community members related to the farm’s smell. Following Aris’s 
suggestion, we collected information regarding how pig farms function, what kinds 
of pollution they can potentially cause (water, soil, and air), the European legisla-
tion regarding farms and optimum waste management techniques, and all the latest 
techniques that can be used to minimize the smell and pollution issues. After having 
acquired this information, we worked collaboratively to design the structure for an 
instructional unit.

The second goal of the project was to explore elementary school students’ argu-
ments and collaborative argumentation. Argumentation is considered a major aspect 
of the resolution of scientific controversies (Fuller, 1997; Taylor, 1996). It is seen as 

Name Qualifications
Years of teaching 
experience

Anna BA in Elementary Education 2
MA in Science Education

Mary BA in Elementary Education 2
MA in Educational Technology

Costas BA in Elementary Education 2
MA in Educational Technology

Aris BA in Elementary Education 9
MA in Science Education

Table 8.1 Overview of 
teachers’ qualifications  
and teaching experience
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“a social process, where cooperating individuals try to adjust their intentions and 
interpretations by verbally presenting a rationale for their actions” (Patronis, Potari, 
& Spiliotopoulou, 1999, pp. 747–748). Therefore, argument and argumentation have 
two different aspects, an individual and a social. The individual aspect of the argu-
ment refers to articulating a point of view (Jimenez-Aleixandre & Erduran, 2008), 
while the social aspect involves two or more people and aims to persuade others 
(Bricker & Bell, 2008). In science, arguments are commonly constructed to explain 
a phenomenon or to explain a theory or a new discovery, and argumentation is seen 
as part of the process of knowledge construction in science. More specifically,

… argumentation in scientific topics can be defined as the connection between claims and 
data through justifications or the evaluation of knowledge claims in light of evidence, either 
empirical or theoretical. (Jimenez-Aleixandre & Erduran, 2008, p. 13)

However, argumentation is not a skill specific to science; on the contrary, it is 
central to people’s ability to solve problems, make judgments and decisions, and 
formulate ideas and beliefs (Kuhn, 1991). Argumentation is essentially a thinking/
reasoning skill. According to Kuhn (2005), thinking is the process that enables us 
to make informed choices between conflicting claims and understanding this leads 
a person to value thinking. Usually, when learners are constructing arguments, they 
need to evaluate alternative perspectives and opinions and select a solution that is 
supported by evidence and explanation (Cho & Jonassen, 2002). Hence, argumen-
tation is an important skill for everyday life because we are frequently faced with 
situations in which we have to evaluate alternative solutions or scenarios and decide 
on a course of action based on evidence. The ability to identify alternative 
solutions—a skill associated with argumentation—can potentially help people 
move toward more informed decisions in their everyday life.

Even though argumentation in science education has been an emphasis of many 
studies (Erduran, Simon, & Osborne, 2004; Jimenez-Aleixandre, Rodriguez, & 
Duschl, 2000; Jimenez-Aleixandre & Pereiro-Munoz, 2002; Kuhn, 1991; Sandoval, 
2003; Osborne, Simon, & Erduran, 2004a, b), little is yet known about how young 
students develop their arguments, especially in the context of socio-scientific issues, 
and how young students work collaboratively in order to construct their arguments. 
Technoskepsi explored the issues of construction of arguments and collaborative 
argumentation by younger students, and some of the findings are reported later in 
this chapter.

The third goal of the project was to explore the use of WISE and handhelds and 
the effect the combined use of these technologies might have on students’ learning 
and development of argumentation. Results from previous studies agree that even 
with specially designed instruction, students do not construct the high quality argu-
ments that might be desired of them (Erduran et al., 2004; Jimenez-Aleixandre & 
Pereiro-Munoz, 2002). Students’ failure to construct high quality arguments can be 
explained partly by the dominance of a pedagogy which is authoritative and rooted 
in education as a form of transmission (Simon et al., 2005) which provides students 
with few opportunities to engage in the process of argumentation (Jimenez-
Aleixandre et al., 2000). It has been suggested that online learning environments 
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have the potential: (a) to scaffold the teaching process and help teachers move away 
from authoritative pedagogy and (b) to scaffold argumentation in more constructive 
ways (Andriessen, Baker, & Suthers, 2003; Bell & Linn, 2000; Clark & Sampson, 
2008). Educators favoring the use of handhelds in education according to Zurita 
and Nussbaum (2004) suggest that handhelds “support constructivist educational 
activities through collaborative groups, increasing motivation, promoting interac-
tive learning, developing cognitive skills, and facilitating the control of the learning 
process and its relationship with the real world” (p. 235). The choice of the WISE 
platform and the handhelds is explored further in the intervention section.

Finally, the last goal of the project was to explore supplementing formal with 
nonformal settings, and understand their impact on students’ decisions, argumentation, 
and emotions toward the lesson. The decision to make use of nonformal settings is 
associated with the claim that when students engage in authentic practices that can 
provide a context that can potentially increase students’ motivation (Edelson & 
Reiser, 2006). Blumenfeld, Kepler, and Krajcik (2006) add that motivation sets the 
stage for cognitive engagement and leads to achievement by increasing the quality 
of the cognitive engagement.

Setting

As described earlier, a group of four teachers proposed a set of activities they 
thought would be appropriate for 10–12 year old students for the socio-scientific 
issue proposed by one of the teachers, Aris. Three of the teachers changed school 
districts the following year and were no longer able to work on the project. Aris, on 
the contrary, stayed at the same school and offered to implement the curriculum 
with two of his classes. By that time, Aris was in his tenth year teaching at the 
elementary school level. Aris graduated from a prestigious 4-year Bachelor’s 
degree program in Elementary Education with a specialization in Science 
Education. Immediately after graduation, he began teaching. During his career, he 
worked at three different elementary schools and taught all grade levels and subjects. 
Four years into his teaching career, Aris took two years off from teaching to pursue 
a Master’s in Science Education and worked part-time as a researcher at the same 
university. During that time, Aris was involved in argumentation and computer 
modeling projects with elementary school students. After finishing his master’s 
degree, he returned to teaching at the elementary school at which the current project 
was conducted. When we started working together on the Technoskepsi project, he 
was in his third year at that school which will be referred to as MA Elementary, and 
he was teaching sixth grade (student age: 9–10) language, mathematics, and science 
and fifth grade (student age: 11–12) science.

MA Elementary serves the local community of a small suburban town, with a 
total of 160 students (K-6) and 15 teachers. The curriculum materials were imple-
mented in two of the classes that Aris was teaching science: a fifth grade class and 
a sixth grade class. The fifth grade, similar in terms of students’ abilities to the sixth 
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grade, had 17 students and served as a forum to pilot test the curriculum. Based on 
observations made during the fifth grade class implementation, we enacted curricular 
changes that were implemented with the sixth grade class. Hence, the sixth grade 
served as the class in which we collected the main data for the Technoskepsi project. 
Aris’s sixth grade, with 18 students (10 boys and 8 girls), was a low achieving class. 
Since in the Cypriot educational system there are no national exams or formal 
grades until middle school, I asked Aris to describe his students’ general abilities 
in mathematics, Greek language (the official school language), and science, and I 
also administered an argumentation questionnaire to identify their argumentation 
levels. According to the teacher, the majority of the sixth graders were low achievers 
in all three main subjects, with two of the students (immigrants) having Greek as a 
second language. Additionally, Aris reported that some of the students exhibited 
behavioral problems and it was difficult to include them in group activities. 
Furthermore, the argumentation questionnaire showed that most of the students had 
difficulties in either choosing or constructing the best argument (Evagorou, 2008).

Aris organized his students in groups at the beginning of the year, and the groups 
designed investigations and interacted with technology as part of their science cur-
riculum throughout the year. Five desktop computers were available in the class, 
and students had already worked on collaborative computer programs prior to the 
initiation of the Technoskepsi project (e.g., they started a wiki describing the history 
of their village and also used modeling programs). More information regarding how 
the students worked during the implementation of the current project are presented 
in an upcoming section.

Teacher–Researcher Relationships

I had known Aris for several years, and we had worked together in the past as 
researchers in science education and technology projects. We shared similar ideas 
regarding teaching and learning and the same passion for the use of technology as 
a tool for learning. After the initial drafting of the curriculum with the group of 
teachers, we worked with a biologist and an educational technology expert from my 
institution to design the final version of the curriculum materials. The biologist 
assisted us with the content knowledge that was necessary to understand the air, 
water, and soil pollution that the waste from the pig farm could potentially cause as 
well as various waste management techniques. Implementation of the curriculum 
started in January and finished in March. Materials were implemented with the fifth 
grade class every Monday and then in the sixth grade class every Friday of the same 
week. Aris met with his students for two, 40-min sessions each week. During the 
implementation, I was a participant observer, sometimes coteaching with Aris, 
sometimes simply participating in the group discussions and offering technical support 
and other times simply observing the teaching process. After each implementation 
in the fifth grade, Aris and I held meetings during which we would discuss difficulties 
that the students had with the curriculum and possible changes to the activities to 
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better meet student needs. During the week, we made the changes to the curriculum 
and implemented the modified learning experiences with the sixth grade class at the 
end of the week. After each implementation in the sixth grade, we held a shorter 
meeting in which we discussed the lesson.

Intervention

As described earlier, the first form of the curriculum was designed collaboratively 
by a group of teachers, and the final form was designed by myself and the teacher 
that implemented it with the help of a biologist and an expert in educational tech-
nology. The learning environment is partly designed within the WISE platform 
(Linn et al., 2004) and poses the following guiding question to the students: What 
are the effects of the pig farm on your area and what course of action do you sug-
gest? The socio-scientific topic was chosen because it was relevant to the students’ 
everyday lives and was an issue that could potentially engage these students in the 
investigation and challenge them to construct arguments considering all aspects of 
the topic (moral, financial, environmental, social). We designed the Technoskepsi 
curriculum materials to meet the following instructional objectives:

 1. Help the students to develop an understanding of argumentation and how argu-
mentation is different from simply expressing opinions.

 2. Develop argumentation skills and be able to use evidence to justify their 
claims.

 3. Engage in scientific investigations and collect evidence from the field.
 4. Engage in investigations regarding an authentic socio-scientific issue and under-

stand and appreciate the social and scientific factors that contribute to the 
controversy.

 5. Understand the systemic nature of their environment and the short- and long- 
term effects that various decisions have on their environment.

 6. Develop an understanding of waste management techniques and the impacts 
they can have on the environment.

In order to achieve these objectives we designed eight, 80-min lessons. We 
examined resources from the Cyprus Department of Agricultural with information 
regarding the pig farms and interviewed environmentalists and visited a pig farm to 
have a holistic approach to the problem. Our decision was to develop the curricu-
lum based on project-based learning (Krajcik et al., 1998), sociocultural theories of 
learning (Rogoff, 2003), and what we already know regarding how people construct 
arguments. For example, Kuhn (1991, 2005) suggests that most people tend to be 
certain of their theories, even when they are using pseudoevidence; they tend to 
reason better on the subjects for which they have personal knowledge; and they 
assimilate new information in existing theories and they express considerable cer-
tainty that new evidence supports their theories even when it is contradictory.

Another decision was to use the WISE platform which incorporates knowledge 
representation and discussion-based tools that can potentially scaffold students in 
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their effort to work collaboratively to construct arguments (Bell & Linn, 2000; 
Evagorou & Avraamidou, 2008). More specifically, a way to support students to 
construct higher-level arguments is through scaffolding provided by the use of 
computer-based tools (Cho & Jonassen, 2002). Several technology-based classroom 
interventions have been designed with the aim of argument construction in science 
classrooms (Sandoval & Reiser, 2004). Research findings on technology-based envi-
ronments and argumentation suggest that technology has the capacity to support 
high quality argument construction within the classroom by taking account of the 
epistemic and social factors that support and promote argumentation (Bell, 2004). 
Such environments are designed to support students’ argument construction in two 
ways: (1) by incorporating knowledge representation tools (Edelson, Pea, & Gomez, 
1996) and (2) by incorporating discussion-based tools (Scardamalia, 2003).

Knowledge-representation tools have been designed to help students construct 
arguments by connecting evidence to the appropriate claim. For example, in these 
tools, evidence might be represented with a specific shape and color and claim, with 
a completely different shape and color. These tools address the difficulty that stu-
dents have with evaluating evidence and claims and the fact that they usually tend 
to provide a claim with no evidence or with single rather than multiple pieces of 
evidence. Furthermore, as Suthers (1999) states, knowledge representation tools 
mediate discourse “by providing learners with the means to articulate emerging 
knowledge in a persistent medium, inspectable by all participants, where the 
knowledge then becomes part of the shared context” (p. 4). Suthers (1999) also 
explains how the visual presence of the knowledge unit in a shared representational 
context can serve as a reminder of the work that needs to be done by the learners. 
For example, a linear text, like an online discussion does not provide any hints to 
whether learners need to do something specific. On the contrary, a graphical repre-
sentation tool illustrates how learners need to find connections between different 
bits of the knowledge. An example of a knowledge representation tool within WISE 
that we used to scaffold our students is Sense Maker (Fig. 8.2).

Discussion-based tools can facilitate communication, either through online 
asynchronous communication or face-to-face synchronous communication, with 
other learners, promoting dialogic argumentation. Discussion-based tools are based 
on the recognition that the construction of knowledge is not an individual process 
but rather a collective process of ideas and arguments that come together, such as 
in the work undertaken in scientific research groups (Scardamalia, 2003). 
Furthermore, according to (Lampert, Rittenhouse, & Crumbaugh, 1996) discussion-
based tools allow students to take more time before formulating a contribution or 
an argument, something that usually does not happen within classrooms, and in that 
way help them contribute to discussions in more coherent ways. These tools can 
also reduce social and emotional obstacles of expressing opinions in public when 
lacking the appropriate representations, and, thus enable more students to take part 
in the discussions. Research associated with these environments has demonstrated 
that such technology-enhanced learning environments can be used to successfully 
scaffold dialogic argumentation (Sandoval & Reiser, 2004).

Finally, another form of technology we decided to use was handheld data collection 
devices. Recently, the use of mobile devices has taken the place of ordinary computers 
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in the classrooms. What is of importance about the use of mobile technologies for 
education is that tools which first existed only on expensive desktop machines are now 
available on inexpensive handheld units (Soloway et al., 2001). In the case of 
Technoskepsi, the use of handhelds provided a number of affordances to support stu-
dent learning experiences. Handhelds are highly portable, are relatively inexpensive 
(compared to other data collection systems), have a relatively long battery life (com-
pared to laptops), and facilitate easy synchronization and data sharing. Given the 
opportunity for students to visit and collect data from a field site, the handhelds 
proved to be ideal tools for supporting the students’ work.

The curriculum materials were made up of eight interconnected lessons that 
ranged from an introduction to argumentation, to an introduction to the problem, a 
visit to the nearby pig farm and a whole-classroom discussion of the decisions the 
groups reached. Table 8.2 presents the structure and content of the curriculum 
materials.

As shown in Table 8.2, the first lesson was an introductory lesson in argumenta-
tion, in which the students had to discuss in their groups a different socio-scientific 

Table 8.2 Overview of the Technoskepsi curriculum

Lesson Brief description of lesson
Arguments submitted  
by groups

Lesson 1: Introduction to 
argumentation

Students engaged in 
argumentation through 
the discussion of a socio-
scientific issue: whether 
they agree with building 
a new zoo in their area 
or not (based on Osborne 
et al. IDEAS pack)

Presentation of students’  
arguments and models of  
a good argument

Lessons 2 and 3: Introduction  
to the problem

Students were introduced to the 
problem of study:  
Environmental problems from 
a nearby pig farm and what 
cause of actions should  
be taken

Argument 1: Opinion

Group work using the learning 
environment designed within 
the WISE (Linn et al., 2004) 
platform to understand the 
various aspects of the  
problem

Argument 2: Position after 
studying the evidence 
provided

Supported by specially designed 
prompt windows and  
knowledge representation  
tools (SenseMaker)

(continued)
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issue, that of constructing a zoo in their area and then present their arguments. The 
material for this argument was adapted from the IDEAS pack (Osborne et al., 
2004a). The teacher focused the discussion on what a good argument should look 
like and how an argument differs from an opinion. The emphasis during the whole 
classroom discussion was on the use of evidence to support one’s claim and what 
kind of evidence we should trust.

Table 8.2 (continued)

Lesson Brief description of lesson
Arguments submitted  
by groups

Lesson 4: Familiarizing with 
handhelds and water  
quality tools

Students were provided with 
the handheld devices and 
were asked to undergo some 
investigations, both indoors  
and outdoors, in order to 
familiarize with the  
handhelds

Preparation of interview questions 
for the pig farm visit

Familiarized with the water, air,  
and soil quality kit

Lessons 5 and 6: Visit to the  
pig farm

Visit to the pig farm
The students collected data from  

the pig farm regarding the  
waste management techniques, 
the position of the farm and 
distance from inhabited areas, 
and water quality and soil

Interview with the farmer

Lesson 7: Preparing the final 
argument

The students, in their groups, 
prepared their final argument 
based on the evidence from 
WISE (after an online 
discussion), and the data 
gathered during the visit to  
the pig farm

Argument 3: Final 
argument after the 
outdoors investigation

The students made use of the  
online discussion tool to  
provide feedback to each 
other on the structure of their 
arguments

Lesson 8: Presentation of 
the final arguments and 
discussion

The groups presented their final 
arguments to the class and a 
whole-classroom discussion 
followed

The students prepared a letter 
addressed to the local 
authorities with their 
suggestions regarding the 
pig farm
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The second lesson was an introduction to the problem—that of the excessive 
smell from the pig farm and the protests of the people in the community. The problem 
was presented through newspaper clippings and recorded interviews from people in 
the community, an environmentalist, and the owner of the pig farm. After studying 
the problem the students (working in groups of threes) were asked to state their 
opinion and whether they suggest closing down the pig farms. In Table 8.2,  
the argumentation task is shown in the third column as Argument 1. Figure 8.1 
presents a screenshot from the learning environment showing a Note Window and 
the introductory page presenting the problem.

During the third lesson the students had to work in their groups in order to famil-
iarize themselves with all aspects of the problem (e.g., environmental and financial 
issues) and understand the possible effects the waste from the pig farm could have 
on soil, air, and water, and the kind of solutions that the various waste management 
techniques could offer. The online platform (WISE) was used to scaffold students 
in two different ways during that time: (a) to collect all the available information to 
help them construct their arguments and (b) to scaffold students in the process of 
constructing and sharing their arguments. In order to achieve the first goal, various 
“note” windows were designed (see Fig. 8.1) which scaffolded students to collect 
information and evidence from the online learning environment. In order to achieve 
the second goal, knowledge representation tools and discussion-based tools were 
used. Figure 8.2 presents a screenshot of the knowledge representation tool 
(SenseMaker) that was used in the online learning environment.

SenseMaker allows students to coordinate their evidence with the appropriate 
claim, a function that addresses one of the difficulties that students face with 

Fig. 8.1 The introductory page of the online part of Technoskepsi
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argumentation. More specifically, the rectangles represent the claims, and these 
are set in the learning environment; the students then have to type in their evi-
dence (represented by the underlined text) and put them under the appropriate 
claim. At the end of the third lesson the groups had to submit online their argu-
ment as formed after studying all the available evidence within WISE. This is 
shown in Table 8.2 in the third column as Argument 2.

After carefully reading and discussing the online data, we explained to the 
students that they would visit the area of the pig farm to collect data. However, an 
important goal was to prepare them for the field investigation; hence after the 
teacher’s suggestion we designed Lesson 4 in order to familiarize the students with 
the data collection techniques they would use on the field. During Lesson 4, the 
students developed familiarity with the handheld devices, and used the water, air, 
and soil quality kit in some investigations in the school yard, and prepared a list of 
questions for their visit to the pig farm.

Lesson 5 and 6 (two, 80-min lessons) consisted of visits to the pig farm. During 
that time, the students had to collect evidence to support their argument (e.g., water, 
soil, and air quality, interview with the pig farmer regarding his waste management 
techniques, location of pig farm relative to inhabited areas), and use their handhelds 
to store the data collected. After they returned to the classroom, students transferred 
their data from the handheld devices collected in the field to their computers.

The aim of lesson 7 was to help students unpack the experiences from farm visit 
and to scaffold students in using the evidence collected from the field to further 
support or dispute their arguments. After revisiting their arguments, the groups had 
to submit a new argument online and share it with the other groups using the dis-
cussion-based tool. The groups then commented on another group’s argument. The 
purpose of this activity was to help the students strengthen their arguments based 
on the feedback from another group. The final outcome of this lesson was Argument 
3 (as shown in Table 8.2, third column) that was submitted by each group.

Fig. 8.2 The knowledge representation tool, SenseMaker
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Finally, during the last lesson the groups presented their arguments during a 
whole-class discussion, and students engaged in a debate. Additionally, the class 
talked about the different kinds of justifications and how to rank them based on 
importance. Finally, students decided which points to include in a letter that was 
addressed to the local authorities and presented the outcomes of their investigations.

Research

Research Questions

The research associated with the Technoskepsi project explores how various types 
of technologies can be used to support argumentation and decision-making within 
a socio-scientific issue, both in formal and nonformal settings. More specifically 
the research questions guiding this study are: (a) Is the specially designed curriculum 
material (combining investigations in formal and nonformal settings, and the use of 
technology) successful in engaging 11–12 year old students in argumentation? (b) 
How do students’ arguments and decisions develop/change after the outdoors visit? 
(c) What is the contribution of the learning environment on 11–12 year old stu-
dents’ attitudes and emotions toward science?

This study is significant because it describes how different technological tools 
could be used in order to support investigations and argumentation in formal and 
nonformal settings, aiming toward argumentation. Even though a lot of studies in 
science education place an emphasis on argumentation, previous studies in argu-
mentation have not identified how students’ arguments develop and change (and 
why) especially after a nonformal investigation of an authentic problem. Although 
some research has been published on the argumentation practices of relatively 
young learners (e.g., Neylor, Keogh, & Downing, 2006), most of the work in this 
area has focused on older students (e.g., Jimenez-Aleixandre et al., 2000; Osborne 
et al., 2004b; Sandoval & Reiser, 2004). Therefore, the current study’s focus on 
elementary students’ argumentation has potential to offer new insights for the field. 
Furthermore, students’ attitudes after participating in such argumentation projects 
supported by technology have not been previously documented.

Methods

The students worked in groups of three both indoors and outdoors for a period of 
eight, 80-min lessons. Furthermore, students’ artifacts including online submis-
sions, online discussions, final presentations were also recorded. After the end of 
instruction, all students were interviewed in order to identify their emotions and 
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attitudes from the implementation of the learning environment. The video interac-
tions from the implementation and the interviews were transcribed, and a qualitative 
case study research approach (Creswell, 1998; Merriam, 2002) was used in order 
to analyze students’ construction of arguments and their responses to the interview. 
Table 8.3 presents the research questions and corresponding data.

Data Collection and Analysis

Analyzing Students’ Written Arguments

In order to analyze students’ written arguments, a modified version of Toulmin’s 
(1958) Argumentation Pattern (TAP) devised by Erduran et al. (2004) was applied 
in order to assess the structure of the arguments. In Toulmin’s framework, the 
essential elements are claims, data, warrants, and backings. According to this 
framework, data are “the facts we appeal to as a foundation for the claim” and war-
rants “general hypothetical statements, which can act as bridges” (pp. 97–98). 
According to TAP, data are the facts that those involved in the argument appeal to 
in support of their claim. A claim is the conclusion whose merits are to be estab-
lished. Warrants are the reasons that are used to justify the connections between the 
data and the conclusion, and backings are the basic assumptions that provide the 
justification for particular warrants. Additionally, in more complex arguments, 
Toulmin identifies two more features in his framework; the qualifiers that specify 
the conditions under which the claim is true—and rebuttals—which specify the 
conditions in which the claim may not be true. The elements of argument are also 
presented in Table 8.4, with an explanation of each of the terms.

Summarizing, in terms of Toulmin’s framework, quality means having all the differ-
ent components that Toulmin suggests. However, how can you decide which argu-
ment is better quality than the other? In order to address this methodological issue, 
Erduran et al. (2004) devised five argumentation levels to “measure” or explain 
the quality of argumentation, especially as a measure of interactive discourse, since 

Table 8.3 Research questions and corresponding data

Research question Data collected
Is the specially designed learning 

environment successful in engaging 
11–12 year old students in 
argumentation both in formal and 
nonformal settings?

Students’ written arguments (level of 
argumentation, number of pieces of evidence, 
socio-scientific aspect of argument)

Video from whole-classroom discussion  
(levels of arguments)

How do students’ arguments and decisions 
develop/change after the outdoors visit?

Students’ written arguments (change in decision 
after the outdoors visit)

What is the contribution of the learning 
environment on 11–12 year old students’ 
emotions and attitudes towards science?

Interviews with students after the instruction
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the main identifier of quality in their levels is the presence or not of rebuttals 
(Erduran, 2008). These levels are based theoretically on Toulmin’s framework and 
are informed from empirical evidence on how young students construct arguments 
(e.g., Osborne et al., 2004a,b). The authors suggest the following levels of argumen-
tation, which were used in the analysis of students’ artifacts in this study:

Level 1: Arguments that are a simple claim versus a counter-claim or a claim •	
versus a claim.
Level 2: Consist of a claim versus a claim with either data, warrants, or backings •	
but which does not possesses any rebuttals.
Level 3: Consists of a series of claims or counter-claims with either data, war-•	
rants, or backings with the occasional weak rebuttal.
Level 4: Arguments with a claim with a clearly identifiable rebuttal. Such an •	
argument may have several claims and counter-claims.
Level 5: An extended argument with more than one rebuttal. (Erduran et al., •	 2004).

According to these levels, a sophisticated argument is one that consists of more 
than one rebuttal (Level 5) which points to the circumstances under which the 
claim would not hold true, and an argument that consists of only a claim is a Level 
1 argument. The value of this modified version of Toulmin’s framework lies in the 
fact that it enables an identification of the level, or what might be termed the qual-
ity of argumentation, and can be used to evaluate both interactive or oral argumen-
tation, and written arguments, even though the presence of rebuttals in written 
arguments should not be expected to be as frequent. This modified version of TAP 
by Erduran et al. (2004) is the main framework that guides the analysis of the data 
in this study, and the choice of this framework is based mainly on the fact that is 
has been previously applied for the analysis of students’ dialogs for a similar age 
group as the one in the current study (e.g., Osborne et al., 2004a,b), and it has been 
widely used by science education researchers (e.g., Jimenez-Aleixandre et al., 
2000; Osborne et al., 2004a,b). However, we appreciate that this is not a suffi-
ciently elaborated representation of the levels of argumentation that can occur in 
a science class. A person, when constructing an argument, for example, can pro-
pose one that consists of a claim and a single piece of datum and another person 
might propose the same claim but support it with multiple data. Are these two 

Table 8.4 Definitions of the elements in Toulmin’s framework of argumentation

Element Definition

Claim The conclusion whose merits are to be established
Warrant The reason that is used to justify the connections between the data  

and the conclusion
Backing The basic assumption that provides the justification for particular 

warrants
Qualifier Specifies the conditions under which the claim is true and are phrases 

that show what kind of degree of reliance is to be placed on the 
conclusions, given the arguments available to support them

Rebuttal Specifies the conditions in which the claim is not true
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arguments at the same levels of sophistication or should they be placed in different 
levels? Is the presence of more data an indication of the quality of the argument? 
The Erduran et al. (2004) framework does not discriminate between the two 
(Evagorou et al., 2009), hence an additional measure of the quality of the students’ 
written argument was the number of pieces of evidence in each one of the arguments. 
Furthermore, the arguments were also analyzed in terms of the socio-scientific 
nature, using the following coding categories: social, environmental, moral, and 
financial. Finally, all written arguments (Argument 1, Argument 2, Argument 3; 
see Table 8.2) were also analyzed in terms of the decision that the groups made 
(e.g., to move or not to move the pig farm) in order to identify the impact of the 
outdoors visit on the decision.

Analyzing Video Interactions and Interviews

The video interactions from the whole-classroom discussion were transcribed and 
analyzed in order to identify any arguments constructed and presented by the stu-
dents, using the Erduran et al. (2004) argumentation framework. The interviews 
were transcribed and open coded in order to identify students’ emotions and atti-
tudes from the implementation of the learning environment.

Results and Discussion

Students’ levels of Arguments and Changes in Decision

The analysis of students’ artifacts as presented in Table 8.5 indicates that the 
students engaged in argumentation during the implementation of the curriculum 
materials with some of them providing higher level arguments by the end of the 
instruction. More specifically the table presents the levels of arguments for all six 
groups, for their three arguments during the lesson, and their decision in each one 
of the arguments (to move or not the pig farm). The first argument is the opinion 
that the students offered at the beginning of lesson 2, the second argument is the 
one offered by the groups after familiarizing with the problem and ways of solving 

Table 8.5 Levels of arguments and decision

Groups

Argument 1 Argument 2 Argument 3

Level Decision Level Decision Level Decision

1 2 Yes 3 No 2 Yes
2 2 Yes 2 No 2 No
3 1 Yes 2 No 2 Yes
4 2 Yes 2 Yes 2 Yes
5 2 Yes 2 No 3 Yes
6 2 Yes 2 No 4 No
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it using the WISE platform and all available information during the indoors 
investigation. The third argument is the final argument presented by the groups 
after the visit to the pig farm.

As shown in the table above, during the first lesson, all the students could provide 
an argument, but some were unsupported claims (Level 1 arguments) or claims 
supported by a single piece of evidence (Level 2), usually based on everyday expe-
rience. By the end of the implementation as shown in the table only two of the 
groups improved their final argument in terms of the level of argumentation. 
However, looking into details into the arguments offered by the groups it was evident 
that even though there was no improvement in the levels of the arguments, there 
was improvement in the content of the argument, and the number of pieces of evi-
dence offered by the groups. An example is the arguments constructed by Group 1 
in the first and last lesson.

“We think that the pig farm should be removed from the area because it is causing 
problems” (Group 1, Level 2 argument/Lesson 1).

“We should not close the pig farm because: if we do so many people will lose their 
jobs, we will have no meat to eat, people will lose their jobs, it might smell but 
there are various ways of waste management that can help reduce the smell.” 
(Group 1, Level 2 argument, Final Lesson).

Based on the issue identified above, and the fact that the Erduran et al. (2004) 
levels of argumentation cannot always capture the improvement in students argu-
ments, especially the written ones (Evagorou et al., 2009), the data were also ana-
lyzed based on the number of pieces of evidence provided by the groups (Table 8.6), 
and the socio-scientific nature of the argument (social, S; environmental, E; finan-
cial, F; moral, M) as shown in Table 8.7.

Comparing the first and the second argument constructed by the groups, it is 
evident that even though only Groups 1 and Group 3 improved their levels of 
argumentation, all six groups improved in terms of the number of pieces of evi-
dence they included in their arguments. This finding suggests that the learning 
environment supported the students in collecting and including new pieces of 
evidence in their argument, even though the structure of the argument (e.g., inclu-
sion of rebuttals) did not necessarily change. Comparing the first argument, with 
the argument submitted after the outdoors visit, it is evident that only three 

Table 8.6 Levels of argumentation and number of pieces of evidence for each group

Groups

Argument 1 Argument 2 Argument 3

Level Evidence Level Evidence Level Evidence

1 2 1 3 4 2 2
2 2 2 2 2 2 2
3 1 0 2 3 2 2
4 2 1 2 2 2 2
5 2 1 2 2 3 3
6 2 1 2 5 4 7
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groups improved their arguments, both in terms of the level of argumentation and 
the number of pieces of evidence, something that suggests that the outdoors visit 
did not necessarily help the students to improve their argument. This finding can 
be explained by looking (a) into how their decision (to move or not the pig farm) 
changed after the outdoors visit, and (b) the socio-scientific nature of the groups’ 
arguments. Table 8.7 presents the socio-scientific nature of the arguments for 
each one of the groups.

As shown above, for the first argument all groups offer an argument which 
focuses on the environmental aspect of the problem (that the smell is bothering 
the people in the village), an aspect that they were experiencing in their everyday 
lives. Only two of the groups (Group 2 and Group 3) offer additional moral and 
social aspects for their arguments. For the second argument the socio-scientific 
aspect is more complex since the students offer evidence that link to the social, 
environmental, and financial aspect of the problem as well. Examples of argu-
ments that were offered by the students and accommodate those aspects are 
presented below:

The pig farms should close because there is a lot of bad smell in the air. They should 
build the pig farm away from inhabited areas. (Group 5, Argument 1)

We believe that the pig farm should close because the smell is very bad and influ-
ences the people at the village. On the other hand though the people need the 
meat (Group 6, Argument 1)

For the last argument, the one constructed after the pig farm visit, the nature of  
the arguments for all groups again focused on the environmental aspect of the 
problem—the smell—an aspect that is associated with the experience they had 
when visiting the pig farm. The analysis of the data above supports that all the 
groups improved their arguments in terms of the number of pieces of evidence they 
included after the use of WISE (argument 2), but returned back to their original 
argument after the pig farm visit. This finding suggests that the experience in the 
visit, and the excessive smell pushed students to ignore the evidence they had col-
lected from WISE, a finding that is supported by previous studies in argumentation 
(e.g., Kuhn, 1991).

The analysis of the students’ arguments in terms of the decisions (see Table 8.5) 
show that the WISE learning environment supported students in collecting all the 

Table 8.7 Levels of argumentation and socio-scientific nature of argument

Groups

Argument 1 Argument 2 Argument 3

Level Nature Level Nature Level Nature

1 2 E 3 S, E, F 2 E
2 2 E, M 2 S 2 E, M
3 1 E, S 2 S, F 2 E
4 2 E 2 E 2 E
5 2 E 2 F, S 3 E
6 2 E 2 F 4 E, M, S
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available information and changing their initial decision which was to move the pig 
farm to a different area, to not moving the pig farm. More specifically, for the first 
argument all groups decided that the pig farms should be moved to a different area, 
whilst for the second argument only one group (Group 4) supported the same idea. 
An example of how groups changed from the first to the second argument is that of 
Group 6:

We believe that the pig farm should close because the smell is very bad and influ-
ences the people at the village. On the other hand though the people need the 
meat (Group 6, Argument 1)

The pig farm should not be moved because then we will not have meat, a lot of 
people in our area will stay without a job, we can use the waste to produce 
energy, and we can find ways to minimize the bad smell […] (Group 6, 
 argument 2)

However, what is more interesting is the change in decision after the visit to the 
pig farm. After the pig farm visit, four groups reverted back to their original 
decision to move the pig farm to a different area, and only two groups insisted on 
their decision constructed after studying the evidence explaining the problem 
with the pig farm. All these arguments focused on the environmental aspect of the 
problem—the bad smell—based on the students’ experience from the visit, and 
their experience from living in the community close to the pig farm. These find-
ings support findings from previous studies showing that students easily ignore 
evidence if these are not in accordance with their own claims (e.g Kuhn, 1991). 
In the case of the issue under study, a problem of personal interest in the area, 
especially after experiencing the bad smell during the visit, the students ignored 
the evidence they had previously collected, and the evidence from the field 
regarding the water and soil pollution. Furthermore, the analysis of the whole 
classroom discussion shows how the students during their presentations focused 
on a specific aspect of the problem—the bad smell, and even though they would 
recognize that there are solutions to the problem, they insisted on moving the pig 
farms because of the smell.

Students’ Attitudes and Emotions Regarding Project

After the implementation of the curriculum, all students were interviewed either by 
their teacher or the researcher. Students were asked to express how they felt about 
the research project, what they liked, what they did not like, and whether the experi-
ence was different from what they usually do in their class. All of the students who 
participated in the interviews offered positive appraisals of the project. They 
expressed excitement in reflecting on the use the handheld devices, enjoyed interac-
tions and experiences in the WISE platform, and appreciated the opportunity to 
visit a field site.
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The excerpt below, taken from a postintervention interview, provides an example 
of a typical student reaction to the use of handhelds. This excerpt is representative 
of many student comments offered relative to their experiences with the handhelds.

Researcher: How did you feel when you first used the handhelds?
Erena:   I was happy because it was the first time that I had seen such a thing 

and I wanted to use it. I was smiling, I was happy.
Researcher: Do you remember similar feelings from school?
Erena:  Yes, when we went to the pig farm.
Researcher:  Other than from the learning environment, do you remember having 

similar feelings?
Erena:  Yes, every time I have my birthday.
Researcher: Do you think that it matters that you were happy?
Erena:  Yes, because when I am happy it means that I want to learn more.
Researcher: What other feeling do you remember having?
Erena:  I was anxious to go and visit the pig farm.

This excerpt highlights an interesting pattern that emerged across the data set. 
All of the students indicated that they had seen handheld devices (including Erena 
despite her statement in the beginning of this excerpt), but they had never consid-
ered using them for the purposes of science. Most students discussed handhelds as 
something their parents used for business and a device that they may be able to use 
to play games. The idea of using these devices for school and science was clearly 
novel to the students but also very well received.

The excerpt below provides an example of a typical student reaction to partici-
pating in the research project, with references to the aspects of the project that the 
student enjoyed the most. This excerpt is representative of many student comments 
offered relative to their experiences with the project.

Researcher: What did you like about the learning environment?
Kyriaki:   That we visited the pig farms and someone explained the process. 

I also like that we did research and presented the outcomes to the 
other groups.

Researcher: What do you mean when you say you did research?
Kyriaki:   We searched online for information, we interviewed the pig farmer, 

we collected information from other resources, we visited the pig 
farm to see what is happening. And at the end we presented the out-
come to our class.

This excerpt highlights an interesting pattern that emerged across the data set 
with most of the students indicating that they enjoyed participating in the 
Technoskepsi research project because they engaged in research (searching for 
information from various resources). They were asked to express their opinion, 
they visited the pig farm and had the chance to talk with the farmer, and to  
see whether the information they collected from the other resources were 
trustworthy.
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Finally, the expert below is representative of students expressing that they 
enjoyed working in groups, and expressing their opinions.

Researcher: What did you like about the learning environment?
George:  That we could work in groups for so long and ask questions and talk 

to each other about this topic. We could express our opinion.

The analysis of the interviews and classroom observations suggest that important 
aspects of the learning environment were the positive feelings that students 
expressed both during and after the instruction, especially about the use of the 
handhelds, working collaboratively in groups, expressing their opinion, and visiting 
the pig farm to collect data for their research.

Implications for …

Teaching and Learning

An important implication of this study is that students can improve their written 
arguments, when supported by an online learning environment as the one in 
Techoskepsi even though the quality of argument, and hence improvement in argu-
mentation is an issue that needs to be further explored and is discussed in the 
implications for research section. Associated with this issue is the question of how 
we can enable teachers to evaluate students’ arguments and provide feedback. One 
of Aris’s concerns during the instruction, even though he was familiar with argu-
mentation frameworks, was how to evaluate his students’ SSI arguments and provide 
feedback during the lessons. He was concerned with what was “wrong” and what 
was “right” in the discussions, and how to frame that for the class. Hence, one of 
the implications from this study is associated with finding ways to support teachers, 
not only to teach argumentation, but also to find consistent ways to evaluate argu-
mentation, especially in socio-scientific contexts.

Another important finding in this study that has implications for teaching is 
that students can easily revert back to their original argument even though they 
have opposing evidence. It is interesting how most of the groups changed back 
to their original argument/decision to move the pig farms because of the bad 
smell after the visit to the pig farm. This finding suggests that the teacher’s role 
during the instruction should be to scaffold students to weigh the evidence and 
decide based on not only selected but all evidence. Furthermore, the specially 
designed inquiry-based instruction supplementing formal and nonformal stud-
ies seems to have the potential to support students’ argumentation while con-
currently contribute to increasing student “motivation” for participation in 
science activities. Based on findings from the students’ interviews, various 
characteristics of the research project were considered positive and as the stu-
dents stated helped them engage in the learning process. These characteristics 
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(collaborative work, engaging with authentic problems, meeting the “actors” of 
an issue, use of novel technology) could be incorporated by teachers when they 
design their lessons in order to help them feel happy during the lesson and 
motivate them. According to Blumenfeld et al. (2006), motivation sets the stage 
for cognitive engagement and leads to achievement by increasing the quality of 
the cognitive engagement.

Research and Methodology

An important aspect of the Technoskepsi project was supplementing formal with 
nonformal settings when trying to engage students with an SSI. The findings from 
this study suggest that there is a great impact on students, both in terms of learning, 
and emotions when using nonformal settings. Most of the groups changed their 
decision after the visit to the pig farm, something that suggests that the visit (non-
formal setting) had a greater impact on how they talk about the SSI, and what kind 
of evidence they use to support their arguments. Furthermore, most of the students 
when interviewed stated that they enjoyed the visit to the pig farm and the opportunity 
to talk to the people who are involved in the issue they were studying (e.g., farmer). 
Future research should focus explicitly on the impact that nonformal visits have on 
students’ SSI arguments, and the kinds of evidence they choose to use, and try to 
explore possible reasons for the change in the decision/arguments, based on the 
students’ experiences or personal identities.

A methodological implication that derives from the analysis of the data is what 
counts as quality of argument in SSI, especially in the case of the short, written 
arguments (artifacts) that were the main data sources of this study? In the methods 
section I explain how I decided to use the Erduran et al. (2004) modified levels of 
argumentation as the framework to guide “measuring” the quality of students’ argu-
ments and argumentation, even though I was aware of the limitations. Two of the 
limitations of the framework identified by previous studies are (a) It is not easy to 
distinguish between warrants, data, and justifications (e.g., Duschl, 2008; Erduran 
et al.), something that has an effect on the inter-rater reliability of the coding. 
However this issue was addressed through the coding of part of the data by a second 
researcher, (b) it does not account for the content of the argument but only for the 
structure (e.g., Clark & Sampson, 2008; Osborne et al., 2004a,b), something that 
was evident in the analysis. Two additional limitations of the Erduran et al. frame-
work identified through this analysis is that it fails to account for the number of 
pieces of evidence in the students’ arguments as an additional characteristic of the 
Levels, and it is a framework designed to evaluate dialogic argumentation, and not 
written arguments, since the focus is on the rebuttals. According to TAP, rebuttals 
specify the conditions in which the claim is not true, and are more easily found in 
dialogic argumentation, in which claims are challenged by someone else, hence the 
person who is arguing offers rebuttals to justify and protect their argument. But how 
easy is it to include rebuttals in written arguments? This position is also supported 
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by Carey (1985) who argued that both children’s conceptual change and their 
growth in scientific reasoning are fundamentally driven by a growth in domain-
specific knowledge. More specifically, Kuhn (1991), who studied the skill of argu-
mentation, found that people who have knowledge of the subject seem to be more 
able to provide an alternative theory and that they tend to reason better on the 
subjects for which they have personal knowledge. Based on the above, I suggest 
that the number of pieces of evidence should be a measure of the quality of argu-
mentation since they indicate an improvement in knowledge, and knowledge and 
skills are interrelated. Hence, a research implication from this study is the need for 
a framework that is designed to evaluate written arguments that should have an 
intermediate level between Level 2 and Level 3, in which the emphasis is on the 
number of pieces of evidence, before evaluating the use of rebuttals.

Conclusions

The Technoskepsi project was designed to explore young students’ argumentation 
within a socio-scientific context, and explore how students argue when their study 
concerns an authentic problem and with formal and nonformal investigations. The 
analysis produced evidence regarding how elementary school students change their 
arguments during their investigations regarding a socio-scientific, authentic prob-
lem, and raised questions on how to design these learning experiences to support 
more integrated arguments that include all aspects of the problem. Supplementing 
formal with nonformal investigations also raised questions about the affordances of 
nonformal experiences, and how they can change students’ attitudes and emotions 
toward science. An important aspect of the project was the collaboration of teachers 
and researchers for the development and implementation of the project, and it 
allowed the design on a curriculum that was based on the needs of the teacher and 
the students and not on the needs of the researchers. One of the limitations is that 
the specific curriculum was implemented in collaboration with a teacher and a 
researcher, an opportunity that is not given to many teachers, but I believe that this 
is still a good example of how a socio-scientific context can be used as a means to 
improve students’ argumentation and decision-making.
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Assessing Argumentation

Sadler: This chapter raises several interesting issues associated with the assessment 
of argumentation. There is obviously a great deal of support throughout the science 
education community for featuring argumentation as a fundamental scientific prac-
tice that ought to be featured in science learning experiences. However, the tools 
available for assessing argumentation both for research and teaching purposes 
remain somewhat limited. Toulmin has had an enormous impact on how science 
educators think about argumentation and the assessment of arguments, and modifi-
cations of the Toulmin argument pattern have been used extensively for assessment 
purposes (Erduran, Simon, & Osborne, 2004). As discussed in the chapter, 
Toulmin’s model can be useful but it has a number of drawbacks.

I thought that Maria’s use of multiple dimensions to assess argumentation was a 
definite strength for this study. In addition to argumentation levels defined by the 
Toulmin scheme, Maria documents the number of pieces of evidence used and 
characterizes the “socio-scientific nature” of the arguments. She also documented 
the students’ decisions (i.e., to move the pig farm or allow it to remain in its current 
location). I strongly agree with the notion that a unidimensional system for assess-
ing argumentation can limit our understanding of student argumentation practices 
and the nature of argumentation development that may occur in response to learning 
opportunities. However, assessing multiple dimensions of argumentation creates 
potential challenges as well. It is important for researchers and the audiences of that 
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research to acknowledge fundamental differences in the data sets. For example, 
assessment of the argumentation levels provides ordinal-level data; the number of 
pieces of evidence is ratio-level data; and categories of socio-scientific nature, as 
used here, are nominal-level data. I think that it is important for us to remember 
these differences as well as the descriptive and inferential procedures that can be 
used with each of the data sets.

Creating ways to represent these various forms of data such that they can be 
understood in a comprehensive manner is another challenge. Maria’s results tables 
helped in offering an integrated perspective, but I would like to see more sophisti-
cated approaches to the analysis and representation of multidimensional data par-
ticularly for the assessment of complicated constructs such as scientific practices. 
This is less a critique of Maria’s work and more of a call to all of us working in 
these areas to pay more attention to assessment issues.

In the implications section, Maria raises issues associated with using a single 
scheme for assessing argumentation. One of her recommendations is to expand the 
Erduran et al. (2004) framework by incorporating the number of pieces of evidence. 
My initial reaction to this suggestion is that doing so has the potential to inappro-
priately conflate different dimensions of argumentation. This would introduce 
ambiguity to the scale making it difficult to interpret results. For instance, improve-
ments in student practice may be due to the use of more evidence and/or the incor-
poration of counter-claims and rebuttals.

Evagorou: The assessment of argumentation has become an important issue in the 
field of argumentation, but one that as Troy suggests is still unresolved. Even though 
an array of different frameworks exist for evaluating argumentation (see Sampson & 
Clark, 2008; Erduran, 2008 for a review) there is no consensus as to what counts as 
successful argumentation or quality of argument, as different studies use different 
frameworks. I agree with Troy’s comment that we should be careful about using 
different kinds of data sets when trying to address this issue of structure versus con-
tent versus nature of arguments. As Sampson and Clark (2008) suggest we need to 
start thinking about assessment in argumentation in a more synergistic fashion.

Troy also raises the issue of examining the number of pieces of evidence as a 
measure of improvement of arguments. None of the written argument frameworks 
explicitly addresses the issue of multiple pieces of evidence as a criterion for best 
quality of an argument. However, is it true that more is not necessarily better, espe-
cially if more refers to pieces of evidence? According to Duschl, Schweingruber, 
and Shouse (2007), students should “[…]understand both the body of knowledge 
and the process by which this knowledge is established….” (p. 26). Furthermore, 
Kuhn (1991), who studied the skill of argumentation, found that people that have 
knowledge of the subject seem to be more able to provide an alternative theory  
and that they tend to reason better on the subjects for which they have personal 
knowledge. The decision to add an intermediate level to Toulmin’s Argumentation 
Pattern (TAP) is based on these ideas. I suggest that the number of pieces of evi-
dence should be a measure of the quality of argumentation since they indicate an 
improvement in knowledge, and knowledge and skills are interrelated. In later work 
(Evagorou & Osborne, in preparation) we analyzed data by adding an intermediate 



1639 Metalogue: Assessment, Audience, and Authenticity for Teaching SSI

level to the TAP between Level 2 and Level 3. This is Level 2B which is defined as 
an argument consisting of a claim (as opposed to a claim with more pieces of data, 
warrants, or backings) but does not possess any rebuttals. With the use of an inter-
mediate level we were able to document improvement in students’ arguments in 
terms of the structure. This modified version can be used with younger students 
who find it more difficult to improve their arguments in terms of rebuttals, and 
easier to improve in terms of evidence.

Tal: I think that while discussing whether the number of pieces of evidence should 
be considered in determining argumentation quality, we should not forget the context 
of SSI-based teaching in general and the relevant SSI in particular. With the small 
sample featured in Maria’s study, I wanted to read more examples of student work 
that could add to the quantification presented in the tables. I was quite curious, for 
example, about possible alignment between the number of pieces of evidence and the 
different aspects brought up by the students. Looking at Tables 6.6 and 6.7, I noticed, 
for example, that in Argument 2, group 1 provided four pieces of evidence from three 
aspects (social, environmental, and financial), while group 6 provided five pieces of 
evidence – all financial. I really wondered how one group of sixth graders provided 
five different financial reasons. I doubt we learn anything from this because of the 
overall small number of groups, but the point I want to make is that while investigating 
argumentation very carefully, we should not forget the context. I, for example, do not 
see the uniformity in Argument 3 as disturbing. It is true that while studying in school 
using the well-structured WISE platform, students improved their argumentation. 
However, the concrete experience at the farm, smelling and observing the pigs, seem-
ingly convinced them that that environmental aspects should be prioritized in making 
their decision. As there are no examples of students’ arguments and as Maria reports, 
the overall argumentation level was rather low, it is hard to determine anything about 
whether and how the students explained the shift.

Sadler: The implications section of the chapter raises the issue of teacher assess-
ment of argumentation. Maria discusses the challenges associated with evaluating 
student argumentation for research purposes versus teaching purposes. I would be 
interested in hearing about any suggestions for actually addressing this issue. The 
significance of formative assessment of student learning and practice is overwhelm-
ing. So it stands to reason that strategies for supporting teacher assessment of stu-
dent argumentation would be very valuable in terms of improving argumentation.

Evagorou: In the case of Technoskepsi, the teacher was familiar with the TAP 
framework and felt comfortable evaluating written arguments both in terms of the 
structure and SSI aspects. However, not all teachers are familiar with analytic 
frameworks for argumentation. Furthermore, even for this teacher, evaluating oral 
arguments (argumentation) in the context of the class was very challenging. In these 
contexts, he struggled in determining whether and what students were learning and 
what kinds of supportive actions he ought to be taking. His question during the 
implementation was, “what does research tells us about assessing argumentation, 
especially in SSI, and how can we transfer that in the classroom?” Unfortunately,  
I did not have a good answer for him.
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Tal: Maria indicates that the first lesson was dedicated to teaching about 
argumentation and modeling good argumentation by the teacher. McNeill and 
Krajcik (2008) highlight the significance of aligning teacher practices with expecta-
tions for student argumentation. They coded four instructional practices: modeling 
scientific explanation, making the rationale of scientific explanation explicit, defining 
scientific explanation, and connecting scientific explanation to everyday explana-
tion. In their study, McNeill and Krajcik found that teachers differed a great deal in 
discussing the rationale behind argumentation and in connecting to real life. 
Although it is apparent that Aris, the teacher in Maria’s chapter, is an exemplary 
teacher in terms of his practices, I wondered whether continuous support of the 
teacher and being explicit about what makes a good argument throughout the learning 
process could yield better arguments in stage 3.

SSI and Argumentation for Young Learners

Evagorou: SSI and argumentation have been an emphasis of many studies; however, 
most of these studies focus on high school or university students. One of the chal-
lenges of the Technoskepsi project was to implement the curriculum with younger 
students (10–12 year old). Working with elementary school students can be informing 
and inspiring. However, a reservation I would like to share and discuss is: What kind 
of SSI can be relevant for younger students (that can promote scientific knowledge 
within the issue)? How can we help the students to understand the multiple aspects of 
these issues? And finally, how can we support their teachers to support them.

Sadler: These are great questions; questions for which we do not have good 
answers (at least to my knowledge). As reflected in this volume, most of the work 
being conducted in the area of SSI is done in secondary contexts. Maria is one of the 
few researchers that I know of who are looking at how SSI can be incorporated in 
classrooms for younger learners. Theoretically, the complexity of SSI and connec-
tions to real-world issues can serve to motivate learning, but for young students, 
delving into the complexity of socially-contentious issues may not be developmen-
tally appropriate. In general, I think that SSI are more easily situated in secondary 
and college level classrooms. That is not to say that SSI cannot have a place in ele-
mentary education; however, I think that teachers and researchers will have to be 
very careful in terms of which issues they choose and how they frame these issues.

Authenticity

Tal: I wish to highlight some similarities and a few differences between Maria’s 
project and the study conducted by my group, which is described in Chap. 2. Like 
Maria, we intended to use the WISE platform and to increase authenticity by 
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anchoring the instructional unit to real events and people. In our case, we engaged 
students in a cystic fibrosis (CF) fundraising event and a visit to the CF unit of a 
local children’s hospital. Because of challenges associated with scaling a field 
trip model, we offered an online interaction with a young CF patient instead. 
Similar to Maria, we found that the actual visit to the hospital did not contribute 
to better performance of the students in pre/post tests. Yet, the students who vis-
ited the hospital and had a diversified experience were more enthusiastic and 
showed higher motivation than their counterparts. Unlike what Maria found, we 
concluded that the field trip to the hospital broadened the students’ views and 
contributed to their holistic understanding of the SSI. Taking our study into 
account, it could be that the visit to the pig farm, given its overwhelming smell, 
was not sufficient in this case. Perhaps meeting with other stakeholders such as 
an employee of the farm, a town council member or an environmental engineer 
could have contributed to a more balanced view of the issue, and consequently, 
to better argumentation following these experiences.

Evagorou: The Technoskepsi curriculum was designed around a problem that 
students and their families were experiencing during their everyday lives – that of 
the smell from the pig farms. The problem was in the local news for months. 
Environmentalists and members of the parliament visited the area on a regular basis 
to discuss possible solutions, and the residents organized several protests. One dif-
ference between Technoskepsi and other SSI projects presented in this book is that 
all students in our sample experienced the problem and protests first hand. Most 
students had strong opinions on the issue before engaging with the curriculum. 
When we started designing the curriculum we were aware of this situation and were 
prepared for students to resist solutions different from the one proposed by the local 
community (to move the pig farm away from the inhabited area). Hence, our 
emphasis in Lessons 2 and 3 (see Table 6.2 and subsequent description) was on 
introducing the problem and presenting all aspects and possible solutions. For 
example, students explored waste management techniques that can minimize air 
and water pollution, talked about financial costs of moving the pig farm (including 
local job losses), and learned about ways to process compost from the pig farm to 
produce electricity (and the costs).

Table 6.5 summarizes what I consider an important aspect of the implementation 
of Technoskepsi: All groups’ original decision was to move the pig farm. Engaging 
with the materials in WISE supported changes to their decision-making, but after 
the visit they changed back to their original decision. This chain of changes in deci-
sions suggests that experiencing the problem as it is (authentic learning) can be 
more powerful than any specially designed learning environment. López-Facal and 
Jiménez-Aleixandre (2008) explored how students identify with the “actors” in SSI 
and how this defines their decisions. In the case of Technoskepsi, the students iden-
tified with their parents and local authorities ignoring all other evidence and solu-
tions. In the case of Tali’s project the students probably identified with the doctors 
and the patients. Hence, the two projects even though similar in some regards, are 
different as to the affordances and the implications of the visit to an authentic site.
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The study reported here arises from the overlapping interests of the two authors  
as we came together as supervisor and student for a master’s dissertation. As an 
experienced researcher, Shirley Simon had been studying argumentation in school 
science over many years, in particular focusing on the ways in which teachers 
develop their pedagogical approach to argument and the challenges they experience 
when trying to change their practice (Simon, Erduran, & Osborne, 2006; Simon & 
Maloney, 2007). One feature of Simon’s work with teachers was to study how they 
organised and managed small group discussion, role play, and class debates, and 
how students engaged with scientific evidence or socio-scientific issues (SSI) to 
construct arguments in different contexts (Osborne, Erduran, & Simon, 2004a). The 
research, conducted in schools in the United Kingdom, led to the development of 
activities and guidance for teachers in argumentation (Osborne, Erduran, & Simon, 
2004b), which coincided with changes in the science component of the English 
national curriculum for 14–16 year olds, and the emergence of a course aimed to 
enhance scientific literacy (SL) called Twenty First Century Science (OCR, 2005). 
The new national curriculum places more emphasis on the nature of science (NOS), 
and Twenty First Century Science includes activities for students to debate and 
construct arguments on issues related to science topics, with a focus on relevance 
to everyday life; it also includes pedagogical guidance for teachers in how to organ-
ise and manage such activities.

As an experienced school teacher of chemistry, Ruth Amos had included 
debates on SSI in her classroom with students aged 16–17 years and found that 
students often had difficulty formulating convincing arguments. The new Twenty 
First Century Science course appeared to offer potential for making debates on 
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SSI more relevant to students, while building on their science learning. At the 
time the new course was being piloted by teachers in England, Amos became a 
lecturer for preservice teachers in Simon’s university department, and aware of 
the issues faced by the teachers in Simon’s studies. She also became involved in 
working with practicing teachers who were engaged in the pilot scheme to trial 
the Twenty First Century Science activities. Amos decided to undertake a small-
scale piece of research for her dissertation in the context of a Twenty First 
Century Science SSI, which was the focus of a debating activity that came at the 
end of a module on a substantive scientific topic. Her study looked in depth at 
how one teacher interpreted the activity, used the resources, and organised and 
managed small group discussion and argument. The study also focused on the 
sources of evidence used by the students to see how they built on the ideas within 
the science topic and on the quality of their argumentation (Erduran, Simon, & 
Osborne, 2004).

The choice of module on which to focus the study was determined by Amos’s 
interest in chemistry-related issues and how the Twenty First Century Science 
course would provide students with an opportunity to discuss SSI related to 
chemistry. A meta-analysis of research into the use of small group discussion in 
science lessons showed that few studies had been undertaken in chemistry con-
texts, or using computer simulations (e.g. Bennett, Lubben, Hogarth, Campbell, 
& Robinson, 2005; Hogarth, Bennett, Campbell, Lubben, & Robinson, 2005; 
Sadler, 2004). The selection of a suitable activity to be the focus of the study was 
influenced by a desire to extend this research base, in particular to see whether 
chemistry understanding could be utilised in discussion-based activities, so a 
decision was made to observe a debate set in a chemistry context that involved 
a computer simulation. The module called ‘Air Quality’ was chosen as this has 
a substantial focus on chemicals in the air, air pollution, and choices we make 
personally, locally, and nationally to improve air quality. The debating activity, 
called Bleaksville, involves the use of a computer simulation to engage the students’ 
interest and model the outcomes of decision making on different policies relating 
to air quality. The activity was also chosen because it includes role-play, an 
approach where students take on roles that represent different positions and 
which can stimulate argumentation as students engage with their opposing roles. 
It was of interest to see how the teacher would organise and manage the role-
play approach, given that it has proved challenging for many teachers (McSharry 
& Jones, 2000). Indeed, the most common types of role-play used in science 
lessons have tended to be ‘action’ scenarios with minimal accompanying dialogue 
between students; for example, modelling the mechanisms in the human kidney 
(Johnson, 1999). Simon’s research on the teaching of argumentation (Simon 
et al., 2006) had also indicated that only teachers who are confident in the use 
of argumentation will include role-play in such activities. It was of interest 
therefore to investigate how an example of Twenty First Century Science pilot 
materials enabled the teacher to facilitate discussion and argumentation in a 
role-play activity.
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Background and Goals

The changes in the national curriculum for science in England were influenced by 
ongoing debates of the time, including the review of school science reported in 
Beyond 2000 (Millar & Osborne, 1998). The new curriculum demonstrates a com-
mitment to enhancing SL through the inclusion of a more epistemic focus in the 
teaching of science; in addition to science content, the curriculum requires that 
students are taught about the NOS, including the evidential basis for making scien-
tific claims. The change emphasises the importance of educating students about 
how we know and why we believe in the scientific world view, to see science as a 
distinctive and valuable way of knowing. To appreciate the origins of scientific 
knowledge and thus develop an epistemological understanding of science, students 
need to explore reasons why accepted ideas have become established and why 
alternative theories are considered to be ‘wrong’. The ability to comprehend and 
follow arguments of a scientific nature is perceived as a crucial aspect of SL,  
the importance of which has been highlighted in documents and debates within 
science education worldwide (Braund, Lubben, Scholtz, Sadeck, & Hodges, 2007; 
Goodrum, Hackling & Rennie, 2001; Norris & Phillips, 2003; OECD, 2006; 
Roberts, 2007; UNESCO, 1999). The changes in the national curriculum also 
aimed to make school science more relevant, coherent, and engaging, and help to 
prepare adult citizens for decision making on scientific issues that have social 
consequences. If students are to learn how to debate and use evidence to construct 
arguments in socio-scientific contexts, and thereby take part in future decision 
making, then science education needed to provide opportunities for these skills to 
develop (Ratcliffe & Grace, 2003). Argumentation and decision making thus 
became an important feature of the Twenty First Century Science course.

The study reported here on the Bleakesville debate in Twenty First Century 
Science was informed by previous research on enhancing the quality of argument 
in school science and the theoretical basis for that earlier work in which Simon was 
coinvestigator (Erduran et al., 2004; Osborne et al., 2004a; Simon et al., 2006). The 
perspective on argument informing this research was based on the premise that 
argument encompasses both individual and social meaning, this dual meaning com-
prising an inner chain of reasoned discourse (individual) and a dispute or debate 
between people holding contrasting positions (social) (Jiménez-Aleixandre & 
Erduran, 2008). The internal and social aspects are linked (Kuhn, 1993) in that 
social dialogue offers a way to externalise internal thinking strategies embedded in 
argumentation. The classroom research of Osborne et al. thus focused on the value 
of small group discussion in promoting students’ argumentation skills. In their 
study of argumentation as it occurred between teachers and students, and between 
students engaged in small group discussion, Osborne et al. (2004a) draw a useful 
distinction between ‘argument’ and ‘argumentation’. Argument refers to the claim, 
data, warrants, and backings that form the substance or content of an argument 
(Toulmin, 1958), so constructing an argument through presenting a claim with sup-
porting data, warrant, and backing can be undertaken by an individual working alone. 
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Argumentation, however, refers to the process of arguing, essentially between two 
or more people, in which the construction, justification, and refutation of arguments 
take place as individuals externalise their thinking in a social setting. By engaging 
collaboratively in argumentation activities that make reasoning public, students can 
gain collective experience of constructing arguments, justifying arguments with 
evidence, evaluating alternative arguments, and reflecting on the outcomes of argu-
mentation. Though the role of argumentation has now become more highly valued 
in science education, research has shown that only if it is specifically addressed in 
the curriculum and explicitly taught through task structuring and modelling will 
students gain the skills needed to explore its use in science (Jiménez-Aleixandre & 
Erduran, 2008; Osborne et al., 2004a). Such pedagogical approaches to promote the 
process of argumentation can be developed in a range of contexts and activities, 
though there are thought to be differences in the kinds of reasoning needed to con-
struct arguments in scientific and socio-scientific contexts. Erduran (2008), for 
example, focuses on the nature of claims that can be made in each context, pointing 
out that in socio-scientific debates, where social and scientific factors have to be 
taken into consideration, claims can be made from multiple perspectives, whereas 
when arguments are constructed in scientific debates, claims take the form of 
explanatory conclusions or descriptive frameworks. SSI, therefore, make different 
demands in terms of reasoning, as students are required to weigh up the pros and 
cons of different positions in complex situations, a process Sadler (2004) terms 
informal reasoning. The Bleakesville debate in Twenty First Century Science has 
been designed for students to draw on scientific evidence in constructing argu-
ments; however, it is presented in a decision-making context with social, economic, 
and environmental factors to consider. It is of interest therefore to investigate the 
nature of evidence used by students in constructing their arguments to inform the 
policy debate.

Twenty First Century Science is presented as a high school balanced science 
course with core science and additional units dedicated specifically to biology, 
chemistry, and physics. The core science component aims to provide students with 
a broad, qualitative grasp of major scientific explanations, sufficient to give them 
the basic understanding that would be needed for informed decision making about 
scientific and SSI, that is, draw on evidence to provide explanatory conclusions in 
a scientific context, or draw on evidence while engaging in informal reasoning to 
argue for a position in a socio-scientific context. The course also provides students 
with opportunities to develop an understanding of the nature of scientific knowledge 
and of the ways in which it is established through arguments that draw on evidence 
to support claims to assess different contested views (Millar, 2006). Twenty First 
Century Science includes activities that focus on discussion of open-ended issues, 
debate, and role-play, all of which involve argumentation and the use of evidence. 
Thus one aim of the course is to enable students to consolidate their knowledge and 
understanding of science through debating issues that draw on scientific evidence 
related to core content.

Our concern in the undertaking of this research was that many teachers and 
students would be unfamiliar with Twenty First Century Science activities as part 
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of ‘science’. A previous study by Newton, Driver, and Osborne (1999) showed that 
as little as 5% of the available time in typical UK school science lessons was given 
over to student discussion. Reasons teachers gave for such low levels of discussion 
included difficulties in managing discussion, low levels of confidence in leading 
discussion, limited perceptions of the value of discussion in science, and a view that 
discussion was for English lessons, not science. Therefore, if the Twenty First 
Century Science course was to be effective in enabling students to develop decision-
making skills, teachers would have to adopt unfamiliar pedagogical strategies to 
help students engage in social contexts (Levinson & Turner, 2001). Simon et al.’s 
(2006) research into teachers’ skills in the use of argument in science had shown 
that scaffolding argument processes during small group discussion, particularly 
using role-play and encouraging higher order processes of counter-argument and 
debate, could be challenging for many teachers.

The purpose of the research project featured in this chapter was to explore how 
teachers and students responded to decision-making scenarios in the chemistry 
component of the Twenty First Century Science course, through an in-depth 
observation of the Bleaksville scenario in the module on Air Quality. Our aim 
was to complement the structured evaluation of the Twenty First Century Science 
pilot course which was undertaken by independent researchers between 2003 and 
2006 (UYSEG & Nuffield Foundation, 2007). One of three strands of this evalu-
ation focused on classroom teaching in the Core Science course, and in particular 
such aspects that might be considered novel by many science teachers. The focus 
included the management of classroom discussions of science-related issues, 
which may involve a range of social, economic, political, and ethical ideas, as 
well as scientific ones (Millar, 2006). Evaluation focusing on changes in classroom 
practices highlighted some familiar concerns associated with school science edu-
cation (Ratcliffe & Osborne, 2007). For example, much of the classroom dis-
course observed during the evaluation included closed questions, which offered 
little opportunity for extended teacher-student dialogue or student-student dia-
logue in small groups. Few collaborative activities were observed. These findings 
suggested that teachers were not changing their practice readily during the pilot 
project. The Twenty First Century Science project team responded by stating that 
many of the findings were inconclusive, in terms of the impact on changes in 
teachers’ pedagogical strategies and in student learning outcomes (Burden, 
Campbell, Hunt, & Millar, 2007), and they called for replication and development 
of the research. Surveys and sample observations such as those carried out by the 
evaluation team only painted a broad picture of what was going on. To gain a 
more comprehensive insight into a complex situation, there was a need for 
detailed case studies to be carried out alongside larger, more quantitative studies 
(Lunn, 2002).

Given the aims of Twenty First Century Science, the difficulties associated with 
implementing the debating activities, and the limitations of a quantitative evaluation, 
this research aimed to provide a detailed study in the context of the Bleaksville 
activity, the over-arching goals being a) to see how students engaged with and used 
the resource materials in their decision-making task, b) to evaluate the quality and 
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focus of argumentation arising from the implementation of discussion activities  
and c) to see how an experienced teacher facilitated discussion and argumentation 
in a Twenty First Century Science activity based on a SSI.

The Setting and Teacher-Researcher Relationship

Initially, three schools in the Greater London area that were taking part in the Twenty 
First Century Science pilot were approached to see whether they would be willing 
to be involved in the research. The aim was to work with ordinary teachers who were 
grappling with the demands of the new course and trying to change their practice to 
use more discussion in the science classroom. Two of these three schools were 
known to both Simon and Amos as they were working as partnership schools with 
the university’s preservice teacher education programme. Of the three schools,  
two were unable to take part, but in the third school a teacher called Jackie, who was 
committed to Twenty First Century Science, was able and willing to use the 
Bleaksville activity. Jackie knew Amos as she had been a preservice teacher in 
Amos’s school science department.

Jackie’s school is a nonselective, comprehensive school with a very mixed 
student intake in terms of social, ethnic, and cultural background (mainly white 
British, white European, Asian, and African-Caribbean). Jackie was teaching the 
pilot of Twenty First Century Science for the third year running, although this was 
her first time teaching the Air Quality unit. She had received only 2 days training 
in managing small group discussions, 1 day as part of Continuing Professional 
Development provided by the Twenty First Century Science project and one as 
in-school training, and had access to the pilot guidance material. The first day of 
training had taken place at a university, led by the professional development team 
working with the designers of the course materials. This training included a focus 
on facilitating small group discussion and developing students’ argumentation 
skills, and was attended by teachers from the pilot schools in the southern region 
of England. The training included lectures and interactive workshops to help 
teachers become familiar with strategies for small group discussion. The second 
training day took place within the school, and was led by an external consultant 
who also focused on facilitating small group discussion. In spite of the training 
days, Jackie found discussion activities challenging. She also discovered there 
was limited opportunity to share her concerns with colleagues in her science 
department as they were sceptical of the value of the Twenty First Century 
Science course.

The class of 19 students that took part in the study were aged 14–15 years, and 
all were of average to low ability according to their national test results in science 
at age 14 years, assessed 6 months before the study. In England, students are 
expected to fall into five levels of achievement (levels 3–7) by the time they reach 
the age of 14. These ‘levels’ broadly pertain to students’ abilities to use scientific 
language, which ranges from using ‘everyday’ language at level 3 and using scientific 
language appropriately at level 4 to forming simple explanations for phenomena at 
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level 5, using scientific theory to explain phenomena at level 6, and using and 
applying more complex understanding at level 7. The students in the study had all 
achieved between levels 3 and 5 on this test. The Twenty First Century Science pilot 
evaluation noted that the student sample following the course may be skewed 
toward the lower end of the attainment range (Millar, 2006) and so these case study 
students were representative of the pilot cohort.

The teacher-researcher relationship between Jackie and Ruth Amos continued 
over a 12-month period, beginning just prior to the Bleaksville activity. After the 
use of Bleaksville, they continued having discussions of pedagogy and reviewed the 
findings as Amos analysed her data. Jackie added insights on the capabilities and 
achievements of her learners. Their discussions also focused on how Jackie was 
developing her approach to using small group discussion in science activities, and 
her attempts to encourage colleagues to redesign the school science scheme to 
include more discussion-based SSI that would enhance students’ skills in argumen-
tation and decision making.

The Bleaksville Simulation

Twenty First Century Science provides opportunities for students to engage in 
debate about a wide variety of current SSI, including several with a chemical 
theme. In the pilot, the unit on Air Quality focused on the nature of air pollution 
and the challenges of dealing with its effects in modern towns and cities. The 
resources for the unit included both written materials and computer simulations for 
use in discussion and debate. The unit begins with a review of students’ knowledge 
of the composition of unpolluted air and an introduction to the concept of ‘air quality’ 
and how this can be investigated. The unit explores which air pollutants are regu-
larly monitored and how the concentrations of certain pollutants vary with time and 
location. Students carry out activities that investigate the particulates produced 
when a fuel burns and collect their own data on the concentration of an atmospheric 
pollutant. There is a strong focus on understanding the products of combustion 
when hydrocarbon fuels and carbon burn. The unit then explores what happens to 
atmospheric pollutants and how air quality can affect health.

The Air Quality unit finishes with the role-play debate called the Bleaksville 
Simulation. This simulation attempts to engage learners by enacting the scenario of 
an imaginary town struggling to improve the quality of air and thus of people’s day-
to-day lives. To that end, students take on the role of advisors to the mayor of 
Bleaksville and consider a number of possible solutions to a series of environmental 
air pollution problems. A key requirement for the successful running of such an 
activity is students’ acceptance of the relevance of the SSI involved. If they were 
unimpressed with or untouched by issues arising, then meaningful debate and decision 
making would be unlikely (Aikenhead, 2006). In the simulation, students are in 
charge of Bleaksville, trying to improve its air quality. The scenario shows that 
unregulated industrialisation has made Bleaksville an unpleasant place to live. High 
pollution has caused respiratory disease and destroyed much of the city’s environment. 
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Citizens are now leaving. The task for students is to advice the new mayor on policies 
to improve air quality and make the citizens happier. They evaluate different policy 
options through structured group discussion. A computer model of the city data 
accompanies the simulation giving students feedback on their decisions. The activ-
ity’s position, at the end of the teaching unit on Air Quality, made it a good choice 
in terms of exploring whether students would draw on scientific ideas that they had 
encountered in the unit.

The Bleaksville sequence of lessons begins with students observing the air pol-
lution situation in Bleaksville and the detrimental effect it is having on the citizens 
in terms of health and welfare. They are presented with photographic images of 
these effects, including people with respiratory difficulties, cars and chimneys emit-
ting smoke, and a written scenario describing the effects and data on pollution 
levels. Graphical representations of levels of sulfur dioxide and nitrous oxides are 
actively displayed over 5-year periods as the simulation progresses and as students 
enter the decisions that they have made about how to deal with pollution levels into 
the computer simulation, they can observe the impacts resulting from different 
policies (Fig. 10.1).

Alongside these data, people’s happiness levels and environmental damage are 
used as impact factors for assessing the successful implementation of anti-air  
pollution policies.

The Bleaksville Simulation presents students with four policies for improving 
air quality, which are investigated sequentially. Each policy involves a choice of 
options for students to discuss in order to decide which option is the best, and once 
a decision is made this policy option is then implemented in the town for 5 years. 
Thus the four policies represent a 20-year period in the life of the town. The four 
policies in the activity are shown in Table 10.1. The table displays three options for 
implementing each policy. The policies and options are more fully described on the 
students’ policy sheets.

The policies are presented individually at whole-class ‘policy’ meetings, where 
the teacher outlines the policy options to the whole class. These options, shown in 

Bleaksville Simulation
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Fig. 10.1 Example chart from the Bleaksville Simulation showing levels of NOx and number of 
people suffering from respiratory diseases
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Table 10.1, are examined by the students in small groups to help them decide which 
one they think will make the citizens happiest. Each group discusses the pros and 
cons of each option and presents their recommendations to the mayors (another 
group of students). The decision is entered into the computer model, which works 
out what happens to the city for the following 5 years before the next policy is 
considered. Running the computer simulation shows the impact on the various 
parameters as shown in Fig. 10.1; however, decisions about improving air quality 
can have different consequences, for example, measures to control pollution can 
hurt the economy or restrict people’s lives, so the simulation alerts the students to 
the impact of their decisions. Thus the aim is for students to pay attention to each 
area to keep the citizens happy.

To structure discussions, students were organised by Jackie into large groups of 
six, which were then further subdivided into two small groups of three, referred to 
as listening triangles by Jackie. The work strategy for this group was that each 
student in the group takes on a different role, one as questioner, one as respondent, 
and the other as recorder, a strategy with which the students were familiar. Two 
other students acted as the mayors of Bleaksville. Students were able to consult 
data concerning the implementation of each policy option, as these were described 
on the policy sheets provided. The guidance for the activity suggested that all 
groups consider all three options for a policy and make decisions about which they 
would choose. However, in this case, Jackie chose to modify the activity by assign-
ing just one option to each of the three large groups. Students were initially asked 
to discuss the advantages and disadvantages of their given option in their listening 
triangles and then confer with their ‘partner’ triangle to compare the points they had 
raised. At the end of each policy discussion, a spokesperson from each of the three 
large groups presented their main argument to the class and the mayors, who were 
responsible for deciding which option to adopt for each policy. Once a decision was 
made, Jackie selected the chosen option and ran the computer simulation with the 
whole class to show the impact of the chosen option (see Figs. 10.2 and 10.3). 

Table 10.1 Policies and options for the Bleaksville Simulation

Policy Option 1 Option 2 Option 3

1: Improving car 
technology to reduce 
car emissions

Fit all cars with 
catalytic 
converters

Develop ultra low 
sulfur fuel

Make people convert 
their engines to 
lean burna

2: Improving power 
station technology  
to reduce sulfur  
dioxide emissions

Switch the power 
station fuel from 
coal to gas

Fit ‘flue gas 
desulfurization’ 
technology

Introduce low nitrogen 
oxide burners

3: Encouraging the use  
of alternative forms  
of transport

Introduce a  
congestion  
charge

Ban cars with big 
engines

Build a new tram  
system

4: Encouraging the use 
of alternative energy 
resources

Introduce a tax on 
using energy 
inefficiently

Invest in renewable 
forms of energy

Build another power 
station

Note: aA lean burn engine typically uses an air: fuel ratio of up to 23:1, as compared to a normal 
engine where the ratio is 14.7:1



176 S. Simon and R. Amos

Students therefore received immediate feedback on the consequences of the may-
or’s decision after each policy.

Research

The research design was that of a case study, the unit of analysis being Jackie’s 
implementation of the Bleaksville Simulation. The study drew on multiple sources 
of data as the Bleaksville Simulation was played out over the four policies, which 
took two lessons. The research questions were:

 1. Do students build on the scientific content knowledge of the unit in their debating 
activity by drawing on scientific evidence from the resources in their arguments, 
or from what they have learnt during the teaching unit?
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Fig. 10.2 Impact of implementing option 1, policy 3, on respiratory diseases
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 2. Does the combination of resource and teaching approach provide opportunities 
for good quality argumentation?

 3. How does Jackie scaffold argumentation during a discussion/role-play debating 
activity?

 4. How do teacher and students view the discussion-based activity?

Data Sources

To address these research questions data sources included audio and video-
recordings of the sequence of Bleaksville lessons. During whole class and small 
group discussions, the video-recordings were centred on two of the small groups 
(three students in one and two in the other) that would come together to form the 
larger advisory group (group A) for making the decision of which option to rec-
ommend to the mayors. The five students were selected by Jackie, and were 
representative of the class (in terms of the national test levels mentioned previ-
ously, one student was assessed at level 3, two at level 4, and two at level 5). 
Discussions were audio-recorded using a double microphone system, one micro-
phone pointing at each of the two small groups. Together with the video-recording, 
it was possible to establish who said what in the series of parallel discussions. 
The audio-recordings were fully transcribed. The presentations by the group 
spokespeople were also video-recorded at the end of each policy debate along 
with the mayor’s decision. The two other advisory groups were named B and C, 
the mayors were named Group D.

Jackie was also audio-recorded using a separate recorder to capture her discus-
sions with a variety of students in the class, as well as all her discourse with the 
whole class. Once again the video-recording helped to locate the students with 
whom she was interacting during the lessons. The researcher recording observa-
tional data was as close to being a nonparticipant as is possible within all the 
constraints of being present in a classroom and attempting to minimise influence 
on events.

To supplement the observational data, further data to ascertain views and per-
ceptions of the simulation, role-play, and group discussion activity were collected 
from Jackie and the students. After the final lesson, Jackie was interviewed to 
ascertain her views about the Bleaksville Simulation and discussion activities in 
Twenty First Century Science. She was interviewed again at the end of the aca-
demic year (9 months later) to explore whether her approaches to such activities 
had changed at all. To explore their perceptions of group discussion and their 
interest in the activity, all the students were asked to complete a short attitudinal 
questionnaire about the Bleaksville Simulation. This questionnaire was designed 
to see whether the students had a positive affective response, one aim of the 
course and of the debates being to engage and interest the students. Other 
questions in the survey focused on issues relating to classroom interactions and 
familiarity with small group discussion, given that previous research undertaken 
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in similar classrooms had demonstrated low levels student interactivity (Newton 
et al., 1999). The survey also explored how the students felt about making contri-
butions, their experience of small group organisation, and their perception of its 
value, given the importance of small group discussion in developing reasoning 
through argumentation.

Data Analysis and Results: Students’ Use of Evidence

To evaluate the students’ use of evidence in constructing arguments, their dis-
course from all the recorded sources was coded in terms of the kinds of evi-
dence they used for constructing arguments for all the policies. One aim of the 
Bleakesville activity was for students to draw on the science in the Air Quality 
topic in making decisions, so it was of interest to see how much scientific con-
tent was incorporated into the statements of objectives for Bleaksville (i.e., 
reflecting the aims of the topic). The objectives included reference not only to 
science concepts but also to other aspects of content that could be categorised 
as environmental, economic, and social. The policy texts were then examined 
to see whether these categories of information were incorporated for students 
to use as evidence. Analysis of the students’ argumentation in terms of evidence 
could then be set against the objectives and materials provided for them. In 
summary, we could see whether the proportion of scientific evidence presented 
in the materials was the same as that which featured in the students’ arguments. 
The following codes were assigned to evidence statements or arguments: 
Sci = scientific, Env = environmental, Ec = economic, S = social. There is some 
overlap between the scientific and environmental codes, but for the purposes of 
this analysis, ‘scientific’ is used to describe statements or arguments containing 
specific scientific terminology, for example, cars with big engines burn more 
fuel. The environmental category was used to describe less scientifically precise 
statements with a generalised reference to pollution such as power stations will 
generate more pollution. Clearly other codes could be used to describe evi-
dence, for example, statements with ‘legal’ connotations, but we decided to 
adhere to a four-category system derived partly from the learning aims of the 
course unit.

The Bleaksville objectives suggest that students should be able to use and 
develop the following concepts introduced in the Air Quality unit. The objectives 
have been coded using the system described above:

Pollution from fossil fuel power stations can be reduced by using less electricity •	
(Env), removing sulfur dioxide from the flue gases of coal-burning power sta-
tions (Sci) and sulfur from natural gas fuel (Sci)
Pollution from motor vehicles can be reduced (Env) by burning less fuel, by •	
having more efficient engines (Sci), using low sulfur fuels, and using catalytic 
converters (Sci)
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Governments can take action to adjust the balance between public and private •	
transport (S), through legal limits to emissions (Sci), taxes (Ec), and providing 
more public transport (S)
People can take action to reduce their energy consumption (S, Env), by using •	
energy more efficiently (Ec)

The highest proportion of statements in these objectives are scientific in nature, 
more so when combined with those pertaining to environmental impacts. This cat-
egorisation enabled us to see whether the kinds of evidence provided in the resources 
for students were selected when they constructed their arguments. In order to illus-
trate how the evidence has been analysed, the statements or arguments provided in 
the policy 3 options are shown below, the categories are shown in brackets:

Option 1: ‘Congestion charge: people will have to pay for driving in the polluted city 
centre (Ec). This will encourage them to use public transport more often (S). The tax 
will be £5 per day (as at the time the resources were created). It will not operate at 
weekends. (Note: this is the scheme introduced in London in 2003). The charge will 
have a bigger effect on people with low incomes (Ec)’.
Option 2: ‘Cars with big engines burn more fuel (Sci). The new regulation will ban 
engines bigger than 1.6 l. People will have to sell their sporty cars and buy smaller 
models (S). If people cannot buy more expensive cars, the profits of the car industry 
will decrease (Ec)’.
Option 3: ‘We will improve the poor public transport in the city with a tram system 
(S). This will link the city centre with people’s homes. The trams produce no 
exhaust emissions (Env). It will be cheap to travel (Ec), and encourage people to 
leave their cars at home (S). The cost will be funded by an extra tax of £50 (Ec). 
The power station will generate a bit more electricity (and therefore pollution Env) 
to power the trams (Sci)’.

An example of how the codes were applied to students’ arguments is shown 
below, again for policy 3, which involved encouraging the use of alternative forms 
of transport (see Table 10.1). The underlined text shows where students quoted the 
evidence from the activity resources word for word. The application of the codes to 
the policy texts and to students’ arguments was undertaken by Amos, with these 
extracts from policy 3 reviewed by Simon for agreement, with discussion of how 
Amos applied the coding scheme:

Group A: um we think trams will be cheap (Ec) and encourage people to leave 
their cars at home (S)… and trams produce no exhaust emissions (Env). Option 
2. Um we think option 2 is bad because if people don’t buy new cars, the profits 
of the car companies will decrease (Ec) and bigger cars will not be allowed. 
Option 1 is bad because the charge will affect people in low incomes (S) and 
people will use their cars more at weekends because there is no charge (S, Ec).
Group B: Option 1. Because people will have to pay to drive in the city centre (Ec), 
this will encourage people to use public transport more often (S).  
If people used more public transport, less pollution will be made which means less 
cars on the road (Env). The people in the towns’ happiness will go up due to all this 
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(S). Option 2 is bad because people have to sell their original cars which will take 
time to sell and too much chaos because they have the latest model big engine cars 
(S). Whereas in our one, you won’t have to do anything except pay £5 per day to 
use public transport (Ec). Option 3 is bad because you have to pay £15 per person 
extra tax (Ec).
Group C: Ok, our option is… ban new cars with big engines. And the good thing 
is smaller engines will need smaller amounts of fuel (Sci), so there’d be less pollu-
tion (Env). And the bad things are option 1 will pay with more fuel. People might 
not want to use trams because it’s noisy and inconvenient (S). And… and how 
would you get on the tram with all your shopping? (S)
Group D (the mayors): we’ve chosen option 1, introducing a congestion charge. 
We’ve chosen option 1 because there’ll be less cars in the town centre and it will 
encourage people to use public transport more (S).

Using the four derived codes to identify different kinds of evidence, the full 
analysis of the text from the policy documents in all policies reveals the frequency 
of types of argument as shown in Table 10.2.

Table 10.2 shows that over the whole of the Bleaksville Simulation, 29% of the 
presented evidence can be categorised as ‘scientific’, with a further 14% describing 
environmental impact. Policy 1 and policy 2 presented more scientific evidence 
than 3 or 4, which were more focused on economic and social issues. The types of 
argument that the students chose to include in their final arguments presented in the 
whole class debate revealed a much lower proportion of scientific evidence, as 
shown in Table 10.3.

Table 10.2 Categories of evidence presented to students in policy texts

Policy Scientific Environmental Economic Social

1 6 3 5 0
2 7 1 5 1
3 2 2 4 4
4 2 2 9 5
Total 17 8 23 10
% of presented evidence  

statements
29 14 40 17

Table 10.3 Categories of evidence selected by students when presenting arguments 
for each policy

Policy arguments Scientific Environmental Economic Social

Total for policy 1 2 7 13 2
Total for policy 2 5 3 5 2
Total for policy 3 1 3 5 8
Total for policy 4 2 4 10 4
Overall total 10 17 32 16
% selected evidence 

by students
13 23 43 21
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The relationship between the presented evidence and that selected by students 
during the Bleaksville Simulation appears to confirm that students will tend to 
choose economic and social types of evidence readily. Indeed, the frequency with 
which the case study students selected these two types of evidence slightly exceeded 
that of the presented evidence. They did use some scientific evidence in their argu-
ments but this was far outweighed by their use of environmental evidence. In other 
words, what seemed to happen is that students were more inclined to talk about 
‘pollution’ in a generalised way, rather than to use more specific scientific terminology 
or examples, when building their arguments. They diluted the scientific content in 
favour of using less precise terms.

Data Analysis and Results: Quality of Argument

To ascertain the quality of students’ argumentation, a framework was used based on 
the level-system developed by Erduran et al. (2004). Derived from the work of 
Toulmin (1958), Erduran et al. identify low levels of argumentation as simple 
claims and counter-claims, whereas higher levels include the use of rebuttals. 
Rebuttals occur where the data or warrants of an argument are opposed and are 
distinguished from counter-arguments where an opposing claim is presented. The 
focus in Erduran et al.’s research was on those episodes of student-student dialogue 
where there was a clear opposition between students, and the nature of this opposition 
was assessed in terms of the strength of rebuttals offered. The ability to use rebut-
tals is ‘the most complex skill’ (Kuhn, 1991); thus, rebuttals are an essential 
element of arguments of better quality and demonstrate a higher-level capability 
with argumentation. Arguments that include rebuttals force students to evaluate the 
validity and strength of arguments. The framework of levels devised by Erduran 
et al. (shown in Table 10.4) was applied to opposition episodes identified in the data 
these researchers recorded from small group discussions. The method of analysis 

Table 10.4 Codes for analysing episodes of opposition in students’ discourse

Level of argumentation Characteristics of argumentation

Level 1 Consists of arguments that are a simple claim versus a counter 
claim

Level 2 Consists of arguments that have a claim versus a counter 
claim with either data (evidence), warrants or backings 
(justifications) but do not contain rebuttals (anticipation of 
counter argument)

Level 3 Consists of arguments that are a series of claims or counter-claims 
with either, data, warrants or backings and the occasional 
weak rebuttal

Level 4 Consists of arguments that have a claim with a clearly identifiable 
rebuttal. Such argument may have several claims and counter-
claims as well, but this is not necessary

Level 5 Consists of an extended argument with more than one rebuttal
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using this level system enabled the researchers to perform comparisons pre- and 
post-intervention, and for different contexts (see Osborne et al., 2004a). Though the 
level system enabled comparisons to be made based on assumptions of quality, the 
nature of grounds and rebuttals remained unexplored, thus the definition of quality 
was confined to argument structure rather than content and strength of evidence.

The students’ episodes of argumentation in this study were coded according to 
the five-level system of Erduran et al. in two ways. First, the recorded discourse of 
the two small groups within group A was analysed using the level system. Second, 
the level system was applied to the arguments presented by each of the large groups 
(A–D) in the whole-class debate. This application of the level system diverges from 
its original use for oppositional episodes in student-student discourse, however the 
descriptors for each level category can be applied to written arguments for comparison 
with respect to justifications and anticipation of rebuttals, hence were used in this 
analysis. This latter analysis could then be coupled with the analysis of evidence 
sources, to see whether there was any pattern in the kinds of evidence used when 
students presented arguments at different levels.

In their small group discussion the Group A students constructed their arguments 
using the data available, but much of their small group discussion consisted of 
conferring with one another to clarify their understanding of that data. Analysis  
of the quality of argumentation using the level system demonstrated that these stu-
dents mostly reached low levels of argumentation; there were few rebuttals. As the 
activity progressed through policy discussions 1–4, students’ argumentation in  
the small group format improved and the beginnings of weak rebuttals were found 
in policy 4 discussions:

S5:  we need to build a new wind farm which produces no emissions which is a 
good thing.

S4:  but it’s also a bad thing because you have to build it and it costs
S5:  they don’t need to know that…need a new wind farm…which produces no 

emissions.

Students S4 and S5 were anticipating a counter-argument, recognising evidence 
that might damage their case. In terms of being representative of the class as a 
whole, group A was the most consistent at presenting an argument for their option 
with justifications, and in trying to counter the arguments from the other two 
groups’ options in the whole class debate. Group A’s argumentation in each debate 
typified the argumentation of the group during their listening triangle discussion  
(in preparation for debate) and it also represented their normal level of interaction, 
according to Jackie.

In presenting arguments in the debate, students from all the groups responded 
well to Jackie’s requests for justification, for example:

S:  OK. Our option is…ban new cars with big engines. And the good thing is 
smaller engines will need smaller amounts of fuel, so there’d be less pollution. 
And the bad thing about option 1 is people will pay for more fuel. And people 
might not want to use trams because it’s noisy and inconvenient.
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The quality of argumentation in the presentations did vary from group to group. 
The arguments of group A were mostly at level 2 across all four policies, as they 
made claims and justified these with evidence from the data sheets, whereas the 
other groups were less consistent. In policy 1, group B came close to a level 3 argu-
ment by anticipating a counter-argument, albeit rather tentatively:

S:  And, um, even though it costs, like £500, you know, it makes the air really 
clean and it’s much safer.

In the other policies, group B consistently argued at level 2. Group C constructed 
arguments at a slightly lower level than the others. Three of their arguments in poli-
cies 1 and 2 struggled to exceed level 1, although the remainder were clearly at 
level 2, suggesting that they did improve their argumentation skills during the 
course of the activity. The mayors were the most effective in terms of developing 
higher-level arguments, displaying elements of level 3 in policies 1 and 4, with the 
rest being level 2s.

Drawing on both analyses of student discourse, a comparison was made between 
the types of evidence selected by each group of students as they presented their 
arguments to the whole class, and the levels of argument demonstrated in these 
presentations. The majority of arguments constructed by the students were at level 
2, as described previously. However, it was of interest to see whether the students 
arguing occasionally at higher levels would select scientific evidence to build their 
arguments, or would argue from a socioeconomic standpoint. Table 10.5 shows the 
levels of argument for different types of evidence used.

Table 10.5 shows that level 3 arguments were uncommon (3 in total) and of 
these, one argument drew on scientific evidence, one on economic evidence, and 
one on social evidence. Thus there is insufficient evidence from this small data set 
to draw conclusions about whether students presenting arguments at higher levels 
might draw on scientific evidence or not. When in small groups, the analysis sug-
gests that the two groups (from A) who sometimes reached level 3 in small group 
discussion did draw on scientific evidence more than is represented in the final 
group presentations of Table 10.5. They did this more in policy 4, which could be 
either because they were becoming more adept at rebuttal, or their arguments were 
stronger as they became more confident with the science. The finding suggests that 
this comparison between nature of evidence and quality of argument may be of 

Table 10.5 Levels of argument in each evidence category for each policy debate

Policy Scientific Environmental Economic Social

1 2 level 2 7 level 2 1 level 1; 11 level 
2; 1 level 3

1 level 1; 1 
level 2

2 5 level 2 3 level 2 2 level 1; 3 level 2 2 level 2
3 1 level 2 3 level 2 5 level 2 8 level 2
4 1 level 1; 1 

level 3
4 level 2 10 level 2 3 level 2; 1 level 3
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interest to pursue with a larger data set involving more students over different SSIs, 
and using more data sets from small group discussion.

Data Analysis and Results: Scaffolding Argumentation

To determine the extent to which Jackie perceived it necessary to support the process 
of argumentation while the students were involved in decision-making discussions, 
the framework developed by Simon et al. (2006) for evaluating argumentation pro-
cesses was applied to transcripts from the audio-recording of Jackie’s interactions. 
This analytical framework that was chosen as teachers’ oral contributions demon-
strate their implicit goals, in this case to facilitate the processes needed for successful 
small group discussion. The processes identified by Simon et al. that are needed for 
argumentation include talking and listening, defining argument, taking a position, 
using justification, constructing and evaluating arguments, counter-arguing, and 
reflecting on argument. In their work, Simon et al. found that the processes of 
counter-argument, evaluating argument, and reflecting on argument were not always 
present in argumentative interaction, or scaffolded by the teachers’ contributions, 
and so were considered to be ‘higher order’ processes that require careful planning 
and teacher awareness for facilitation. Jackie’s interactions with students reveal how 
she has conceptualised the processes involved for decision making through discus-
sion and argument and how she acts to facilitate these processes. Table 10.6 shows 
how these processes were used to code Jackie’s talk, the extracts in the table are 
indicators of how Jackie’s oral contributions encourage each process.

Jackie adopted some of the scaffolding processes identified by Simon et al. but 
was limited in her encouragement of higher-order argumentation. She encouraged 
talking and listening by using a ‘listening triangles’ strategy. Students in the tri-
angle were to assume the roles of developing arguments ‘for’ and ‘against’ the 
anti-air pollution policy that they had been assigned to, with a scribe to record 
their argument. This approach enabled the students to position themselves in the 
argument process. Jackie used the phrase ‘pros and cons’ repeatedly throughout 

Table 10.6 Codes for identifying the scaffolding of argumentation processes

Argumentation processes

Talking and listening – ‘You need to be able to speak, but you also need to be able to listen’
Knowing meaning of argument – ‘what is an argument and why is it a valuable thing?’
Positioning – ‘what’s your argument ‘for’ the flue gas desulfurization?’
Justifying with evidence –‘why is that a good thing?’
Constructing arguments – ‘your argument needs to follow these points’
Evaluating arguments – ‘what sorts of things will make a good argument?’
Counter-arguing/debating – ‘Can anyone think of anything that somebody might say to oppose 

that?’
Reflecting on argument – ‘would you like to explain how you persuaded Sally?’
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her interactions with the whole class, and with groups of students. Students in the 
main observed group, group A, are designated ‘S1, 2, 3, 4, and 5’. All other stu-
dents are designated ‘S’. For example:

T:  Right so…you’ve done…you are option 3… you don’t want to say the cons 
of your thing, you want to say the cons of their thing, so that the mayor 
chooses your thing and not their thing… yeah?

S5: oh so these are cons

Jackie occasionally used the terms ‘good thing/bad thing’ and also ‘advantage/
disadvantage’ to define argument. She rarely made any other reference to the struc-
turing of an argument and did not model examples of arguments. However, by 
encouraging the students to identify ‘pros’ and ‘cons’ for their arguments, she 
helped them to focus on pieces of evidence that supported a particular position in 
the argument:

T: So, what’s one argument ‘for’ the flue gas desulfurisation?
S3:  …um, removes most of the sulfur dioxide from the waste gases given off by 

the power station.

Jackie strongly scaffolded the justification of arguments on many occasions by ask-
ing questions such as:

T: Very good, and why is that a good thing?
S3: well…um…it’s pollution from the power station
T:  What problems is the pollution causing for the people…? What diseases is it 

giving them?… Asthma and things like that. Chest infections and things…
yes. So what’s an ‘against’ the other people’s answer?

Jackie continually asked the students to read and check the evidence on the policy 
sheets and on the relevant pages of the textbook resource. There were clear exam-
ples of Jackie playing devil’s advocate with the focus group, a stance taken to 
promote further justification. These occurred during policy 3, which sets up three 
options for improving air quality by making changes to public and private transport. 
The first example came during a discussion about the ‘pros’ and ‘cons’ of introducing 
a congestion charge in the city centre:

S3: Er..er..I don’t know…I don’t know what to do for ‘againsts’
T: Against the other people’s…?
S3: Yeah
T:  Right so… Well it says…what does it say here?…The charge will have a big-

ger effect on people with low incomes… so…it’s alright for people who can 
afford to pay the congestion charge but what about the people who can’t 
afford the congestion charge? What are they going to do?…Is that fair?

S3: no
T: So maybe that’s something against this, yeah?
S2: yes
S3: I don’t understand it…
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T:  ‘Low incomes’… that means how much they earn. If people do jobs and those 
jobs don’t pay very much…and those people need to go into central London 
for whatever…for their job…or if they want to go shopping or whatever…they 
won’t be able to afford it. That’s not very fair. Those people who earn loads 
and loads of money…do you think they’re going to be bothered if they have to 
pay congestion charge or not? They don’t care…they don’t care if it’s £5 here 
and there. They’re really rich. But people who don’t earn very much, they do 
care…and maybe it’s not fair on those people who don’t earn very much.

A further example followed on immediately from this:

T:  And what about this one? ‘If people cannot buy new cars, the profits of the 
car industry will decrease’. So ban new cars with big engines, so we say, look, 
you’ve got a big 4-wheel drive…you have to get rid of it. But what if I can’t 
afford to buy a new car?

S2: well you sell the car so you get money for the car.
T: But it’s been banned! Who’s going to buy a car that’s been banned?
S4: umm!
S5: sell it to another country!
S4: yeah, we bought ours from Japan
T: Fair enough but maybe it’s been banned there as well!
S4: well actually it was from England.

Both examples related the arguments to issues and experiences in the students’ 
everyday lives, and in the second, the students seemed to be engaging and seeing 
personal links. Jackie was creating relevance for the students and it had the desired 
effect. Policies 1 and 2 did not elicit any discussions of this nature, so an important 
aspect of ‘authenticity’ (Aikenhead, 2006) was missing for the greater part of the 
observed interactions.

Jackie strongly encouraged students to make written records of their arguments 
and to prepare for the presentations at the decision-making stage of the debate, 
hence focusing strongly on constructing arguments. Each policy sheet contains the 
same introductory sentence about making the citizens happy, and three statements 
to provide a writing frame. Jackie referred to these prompts during the whole activ-
ity. Jackie did not encourage the evaluation of argument to any great extent; how-
ever, she did ask the students who were role-playing as decision-making mayors to 
judge how persuasive their advisors’ arguments were, but did not give explicit 
evaluation criteria:

T:  So, you’ve got a basic idea of what’s a good option and what’s a bad option?
M: Yeah…
T:  So try to keep an open mind and listen to their arguments…see how persua-

sive they are…ok?

Jackie did not encourage counter-argument or reflection on argument with the 
whole class, and subsequently these processes were limited in the students’ dis-
course. Although the activity is set in the context of a role-play debate, Jackie did 
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not encourage debate at all between spokespeople and the mayors during the pre-
sentation of arguments after each policy. She simply thanked each spokesperson 
and moved on to the next one:

T: Ok, thank you…right…are we going to give her applause? Ok, option 3.

There was a real opportunity to open up the arguments and to promote debate at 
each stage but Jackie did not do so, despite having attended the training provided 
by Twenty First Century Science which encourages teachers to take this approach. 
Jackie’s experience reinforces our previous work with teachers (Simon et al., 2006) 
in that the changes required to bring about sustained development in teaching argu-
mentation through small group discussion require careful planning, clear teaching 
goals, and strategies for interaction needed to achieve those goals.

Data Analysis and Results: Teacher and Student Views

After the Bleaksville activity, Jackie commented on the challenges she faced while 
trying to facilitate the role-play debate. She had been worried that the students 
‘would not care enough about the subject’ to take part in discussions enthusiasti-
cally. However, by the end, she was delighted with their general engagement and 
enjoyment. Jackie also thought that the role-play debate appealed to the students 
but that they ‘didn’t see it as science’. In commenting on the nature of discussion 
she had been pleasantly surprised that students had actually discussed ideas with 
one another in their listening triangles. She had experienced success with the strat-
egy in other lessons, observing that it ensures students are all involved and have a 
responsibility. She did express disappointment about the number of questions from 
the students concerned with the definition of technical terms. She had hoped that 
students would draw upon ideas from previous lessons, but she was asked to define 
several times the terms that she felt they should be familiar with, for example, many 
students asked ‘what’s an emission’? She felt that the students had covered this 
issue thoroughly in the unit and so she was not sure whether or not they linked the 
concept as it emerged in the options to the chemical reactions they had studied in 
the unit. These concerns were reflected during the debates by the students, who 
ignored scientific evidence in favour of more generalised environmental issues.

Overall, Jackie felt pleased with the participation and engagement of the stu-
dents but felt unsure about how much they had gained from the activity. She had 
not seen evidence of the students relating the role-play to their own everyday lives, 
suggesting that they fail to make links with their own experiences as one would 
hope for concerning many SSI. Indeed, group A only made one reference to any-
thing close to this during the whole activity, as shown previously in the discussion 
on banning four-wheel drives. Such links with students’ lives are an important out-
come of Twenty First Century Science, given the aim for students to become more 
informed citizens, taking responsibilities for their own life choices.
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Nine months after teaching the Bleaksville Simulation, Jackie had not used any 
further such activities with her class, citing lack of time and the need for ‘effective’ 
preparation for examinations as the main constraints. Moreover, she revealed that 
none of her departmental colleagues had even used the Bleaksville Simulation 
while teaching parallel classes that year. However, she had recently convened a 
departmental meeting to explore ways of developing teacher confidence in using 
argumentation and decision-making activities in the future and to embed them more 
explicitly in teaching sequences.

Since small group discussion was new to many teachers involved in Twenty First 
Century Science and an approach that many teachers find challenging, one aim of 
this research was to explore how students, who were also new to small group dis-
cussion, would perceive and respond to this strategy. The success of the debating 
activities within Twenty First Century Science would rest on how students 
responded, in terms of their interest and also their acceptance of small group dis-
cussion as having purpose and value.

To evaluate the students’ affective response, the 19 student questionnaires were 
analysed to determine students’ feelings and thoughts about discussion in science 
lessons, as outlined earlier, and specifically the Bleaksville Simulation. The results 
are summarised as follows:

All but two students agreed with the statement ‘science has got loads of things •	
to discuss’, hence acknowledging that discussion has a role to play in science.
All but one student agreed (and two were unsure) with the suggestion ‘dis-•	
cussing things in groups in science helps me to understand’, which even if 
they were not confident, suggests they perceive discussion to have value in 
learning.
Ten students felt that they would ‘worry about giving answers to questions in •	
science in case they got it wrong’, revealing the lack of confidence felt by this 
group of weaker students.
Six students were unsure or disagreed with the suggestion that they would ‘say •	
to other people if they thought they had got something about science wrong’.
Just over half agreed that the teacher (Jackie) did ‘not often put them into different •	
groups in science’ and five were not sure, revealing that small group formats 
were usually the same.
Six students were unsure about, or disagreed with statements about listening •	
well to one another.

Reinforcing the concern of Jackie, it would seem that several students were not 
confident about contributing scientific ideas in lessons, though it is hoped that 
through small group discussion such confidence can grow. However, with the support 
of the policy sheet resources, and structuring from Jackie, there was evidence to 
show that even the weakest students had managed to learn how to construct a basic 
argument and to present it in front of their peers. The students did manage to dis-
cuss ideas among themselves in positive ways during the activity. Eleven of the 
students said that they ‘do not ask (my) teacher questions about science in most 
lessons’ but by policy 4, several had started to do so more readily, moving beyond 
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‘what am I supposed to do?’ Seventeen out of 19 students felt positive about the 
Bleaksville activity itself (one ‘didn’t mind it’ and one thought it ‘boring’). 
Favourable comments included:

It was fun to discuss and see an outcome;
I learnt a lot about how to save the air from getting polluted;
It was useful for future life’; ‘it was interesting to hear what everyone had to say about it;
I liked it better than most lessons as we got to discuss stuff.

Jackie thought that the students had not particularly enjoyed this first unit of the 
course, Air Quality, as it was rather dry and lacked opportunities for practical work. 
The latter negative feedback was common in the pilot evaluation (Millar, 2006). 
However, if their positive responses to the Bleaksville Simulation are a true reflec-
tion of the students’ feelings, then they bode well for one of the main goals of 
Twenty First Century Science, that is, to stimulate students’ engagement with, and 
understanding of, SSI.

Implications

The aim of the research was to select a representative context from the pilot 
course and see how Jackie used the Twenty First Century Science resources to 
generate argumentation in a typical classroom and to evaluate the students’ use 
of evidence and argumentation. Jackie encountered many familiar challenges 
reported by science teachers when trying to adopt new pedagogical strategies, in 
particular, concerns about student engagement and meaningful learning via dis-
cussion and argumentation were raised. This finding is reflected in more recent 
studies using small group discussions in science teaching (Bennett et al., 2010). 
Jackie was positive about the Bleaksville experience overall, agreeing that the 
students had seemed to engage in and enjoy the activity. Later in the year, her 
department made a commitment to include more discussion activities in their 
course in the following year.

This case study has highlighted some implications for teachers trying to 
implement discussion and argument in science lessons in more detail than is 
possible in a large-scale evaluation. The engagement in the Bleaksville role-play 
enabled students to exercise some argumentation processes, as some students’ 
argumentation progressed to include weak rebuttals, but the results suggest that 
the guidance needs to include more explicit teaching strategies and learning 
outcomes for higher levels of argumentation to be achieved. Jackie did not 
encourage higher-order argumentation processes such as evaluating and reflecting 
on argument and, as Maloney and Simon (2006) note, unless teachers make 
these skills part of their learning objectives, students will not achieve them. 
Students were primarily satisfied to read and use the data in the option policies, 
without questioning or referring to their own every day experiences, or pay 
attention to opposing positions, a finding evidenced in other studies (Sadler, 
2004). The frameworks used for this analysis could provide a means for making 
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those links and for enhancing the guidance to include strategies for evaluating 
argument, counter-argument, and reflection on argument. The results show that 
engagement with the materials enabled students to evaluate their arguments in a 
minimal way, but if more students are to benefit from opportunities to develop 
decision-making skills with Twenty First Century Science, then the guidance 
needs to be more clearly focused and the materials enhanced to prompt these 
higher order processes. Without practice in counter-argument and evaluation, 
students are unlikely to gain sufficient grounding in those processes that would 
enable them to fully engage in reasoned debate as citizens.

Students’ abilities to use and understand scientific concepts and terms during 
discussion activities were questionable. The research suggests that students engage 
more readily with socio-scientific evidence that is relevant to their general under-
standing. In designing the materials, one possibility is to ensure that initial engage-
ment is based on socio-scientific evidence, to which students can then be introduced 
and encouraged to use. The framework for identifying different kinds of evidence 
can be used to help support teachers by exemplifying and modelling arguments that 
build on scientific evidence. Support materials can be adapted to model the use of 
key terms and ideas for students so that they improve upon this aspect. By building 
up students’ skills of argumentation using different kinds of evidence, their engage-
ment and reasoning in SSI can provide a basis for science learning (Sadler, Barab, 
& Scott, 2007). Though the comparison between sources of evidence used and 
quality of argument was attempted by applying both analytical frameworks to the 
presentations made in each policy, the results (Table 10.5) show no conclusive pat-
tern linking any particular source of evidence with higher levels of argument using 
this data set. More data for students in small group discussion would be useful to 
ascertain whether the indications from group A, that the higher level argumentation 
in groups achieved in policy 4 using scientific evidence, was an indication that 
these two factors may be in any way linked.

Conclusions

The research has contributed to the ongoing evaluation of a novel, demanding, 
course by looking in depth at a real-life situation in a typical non-selective London 
school. It has highlighted the complex nature of the expectations of such a course, 
including students’ ability to draw on scientific evidence, an assumption made in 
the course design, and their ability to produce high quality arguments within small 
group discussion and whole-class debate. In terms of teacher organisation and man-
agement, the research has reinforced our knowledge of the challenges faced by 
teachers in changing their practice to adopt more discussion activities, such as those 
written into the course. Similar problems continue to exist as more recent evalua-
tion of the course has shown (Ratcliffe & Millar, 2009).

As SSI are located firmly in everyday contexts, surely their inclusion in school 
science lessons should improve engagement and foster a stronger sense of relevance 
for students. Aikenhead (2006) has drawn together many important issues pertaining 
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to the use of everyday contexts and the relevance of students’ experiences of school 
science, thus providing a useful lens for examining the Twenty First Century Course 
approach. He argues that the issue of relevance is at the heart of a humanistic science 
curriculum, and that while many teachers state that they subscribe to a humanistic 
approach to learning science, they actually have great difficulty in making changes 
to their own natural orientation toward traditional school science. A humanistic sci-
ence course requires a wider range of approaches than those with a traditional bent, 
including small-group work and cooperative learning. Decision making, and the 
process of doing so, is often central to a humanistic science curriculum, as it serves 
as a vehicle to transport students into their everyday world. Therefore, if teachers 
struggle to adopt appropriate pedagogical approaches toward the teaching of argu-
mentation and decision making, students will fail to develop the necessary skills.
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Evagorou: In this chapter, Shirley and Ruth raise several interesting issues related 
to (socio-scientific issues) SSI, argumentation, and decision-making. A major ques-
tion in this study was the quality of students’ arguments, and if there is a link 
between the nature of the evidence (e.g., scientific, environmental, financial) and 
the quality of the arguments. The results are not conclusive as to this point, and the 
authors suggest that more evidence is necessary. The issue of quality of arguments 
has been prominent in discussions in the science education community lately (e.g., 
Erduran, 2008) and reading this study made me think about the following issues:

 (a) Is the quality of the arguments also connected to the quality of the evidence that 
is presented in the learning environments? If so, what more do we need to learn 
to inform the design of SSI and argumentation curriculum?

 (b) Are the arguments supported by evidence collected/produced by the students 
bound to be of higher quality?

Another issue that arises from this chapter is the level of engagement with the 
learning environment and what kind of affordances different curriculum materi-
als might have, especially when SSI are involved. The closer the connection 
between the issue under study and students’ identities, the more students’ beliefs 
systems are affected, making it more probable that students will ignore evidence 
and provide weaker justifications that are mostly based on personal values 
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(Simonneaux & Simonneaux, 2009) or their personal and cultural identities 
(López-Facal & Jiménez-Aleixandre, 2008). This trend supports that development 
of learning experiences that are not authentic. On the other hand, other researchers 
argue that the issue is not whether students’ decisions are more value-based than 
knowledge-based, but on what kind of knowledge is regarded as relevant by the 
students (Kolstoe, 2006). The Bleaksville debate presented to Jackie’s class 
engaged her students in discussions, but I am wondering whether a more authentic 
learning experience (e.g., measuring and discussing air quality in London) would 
afford better quality arguments, and what kind of evidence the students would 
choose (scientific, environmental, financial) to support their arguments.

Sampson: The study described in this chapter, which examined how students 
made decisions and used evidence as they discussed various ways to improve air-
quality in the imaginary town of Bleaksville and how the classroom teacher 
attempted to promote and support this process, provided many key insights into 
how students engage in socio-scientific argumentation when they are given an 
opportunity. It also, like all good research, raises new questions and opens up some 
potential avenues for future work.

The first question that came to my mind as I read Shirley and Ruth’s study 
 concerned the relationship between argumentation that is scientific in nature, which 
is the focus of my research, and socio-scientific argumentation is: How much of an 
overlap is there between scientific argumentation and socio-scientific argumentation? 
Shirley and Ruth briefly touched on this issue when they described argumentation in 
general and compared it to the nature of socio-scientific argumentation. It seems to 
me that there is some obvious overlap between the two because both processes 
require people to construct, justify, and refute arguments. However, there are also 
some major differences. For example, Shirley and Ruth describe how the students in 
their study were trying to determine which policy to endorse in order to improve air 
quality without making the citizens unhappy. This type of activity, where people need 
to consider different courses of action related to a complex problem from multiple 
viewpoints, seems to be a hallmark of socio-scientific argumentation but it is very 
different from the purpose of argumentation that is more scientific in nature. In sci-
entific argumentation, people are often attempting to explain or describe a natural 
phenomenon or develop a valid and acceptable answer to a research question. This is 
a different goal and thus the types of claims that can be made in each context will be 
different. There are also several differences in the nature of the supports and chal-
lenges that people can use in these two contexts. In socio-scientific contexts, a wide 
range of reasons are viewed as an acceptable way to support or challenge the viability 
of a course of action. These reasons include, but not are limited to, social, economic, 
moral, and empirical. In scientific contexts, in contrast, the reasons that tend to be 
used to support or challenge a claim are often limited to those that are empirical, theo-
retical, methodological, or analytical in nature. There are other differences to be sure. 
I therefore think science educators working in the field of socio-scientific argumenta-
tion will need to help students understand the similarities and differences between 
argumentation that is scientific and socio-scientific in nature.
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My second question, which stems from my first, concerns the issue of transfer. 
If there are significant differences between scientific and socio-scientific argumen-
tation such as the ones I described earlier, can we expect students to transfer what 
they have learned about participating in one type of argumentation to the other? 
This issue has not been well investigated but I think it is important. I do not think 
we can assume that students will be able to participate in these two forms of argu-
mentation in a desired manner without learning about both of them. This conjecture 
is based, in large part, on the difficulties that students face when they are first asked 
to participate in scientific forms of argumentation that are so well documented in 
the literature. Yet, it is important to note that the difficulties that students have when 
they first participate in scientific argumentation do not seem to stem from a lack of 
natural ability. Most students just have never had an opportunity to participate in 
scientific argumentation and do not understand the “rules of the game” and are 
therefore forced to rely on “everyday” forms of argumentation. That is one reason 
why short interventions often lead to substantial improvements in students argu-
mentation skills (e.g., Venville & Dawson, 2010); students just need to be intro-
duced to what counts as quality in a given context. Therefore, if socio-scientific 
argumentation and scientific argumentation are different but related to forms of 
argumentation, perhaps it would be better for science educators to treat the ability 
to participate in each type of argumentation as distinct but equally desirable out-
comes of a high quality science education.

The third question that I have is: How should we, as field, define evidence in a 
socio-scientific context and should all types of information be considered evidence? 
Shirley and Ruth, for example, describe how the students were given “evidence 
statements” that they classified as scientific, environmental, economic, and social. 
Yet, as I read the samples they included in the chapter, the statements appeared to 
be different types of reasons rather than evidence. I tend to define evidence in sci-
ence as observations, measurements, or findings from other studies that have been 
collected, analyzed, and interpreted by researchers (Sampson & Gerbino, 2010). 
I use this definition to help students understand the difference between evidence, 
data, and unsubstantiated inferences when I ask them to construct evidence-based 
argument in response to a research question. However, this definition is not the only 
one in the literature and it is perhaps not even the most useful definition. Other 
authors, for example, describe evidence in science simply as data that is used to 
support a claim (Berland & Reiser, 2009; McNeill, Lizotte, Krajcik, & Marx, 
2006). This is a much more general definition than the one I use in my research.

I raise this question because I think it is important for students to understand 
what does and does not count as genuine evidence in science. Do we also need to 
help students understand the difference between the various types of reasons that 
can be used during an episode of socio-scientific argumentation? Some reasons 
such as intuitive and emotive ones or appeals to the greater good are often used to 
persuade people but these types of reasons might not be as strong or convincing as 
others (such as ones that are economic, political, empirical, and ethical or moral in 
nature). Therefore, it might be a productive strategy to help students learn how to 
identify the various types of reasons people use to support a viewpoint or course of 
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action and how to challenge these reasons in an appropriate manner if we want 
them to learn how to participate in better socio-scientific argumentation.

Fourth, should we, as field, expand our assessments of argumentation to include 
the nature or types of criteria students use to evaluate claims, answers to research 
questions, or alternative courses of action proposed by others? Shirley and Ruth 
provided an interesting analysis of the nature of the argumentation that students 
engaged in during the Bleaksville activity. However, this analysis was structural in 
nature and focused on the absence or presence of various components of an argu-
ment. I cannot help but wonder what we would have learned about the students’ 
socio-scientific argumentation if Shirley and Ruth had also examined the nature of 
the criteria that students used to evaluate the different policies or the nature of the 
rebuttals these students privileged in this context. For example, did the students rely 
on economic reasons more than scientific reasons when they evaluated the different 
policies or to challenge an alternative idea? I think this type of analysis would tell 
us a great deal about the students’ thinking during an episode of socio-scientific 
argumentation and would give us a measure of how often students tend to use 
 scientific explanations to evaluate different perspectives.

Finally, Shirley and Ruth’s description of how the teacher, Jackie, attempted to 
promote and support student participation in socio-scientific argumentation during 
the Bleaksville activity was extremely interesting. I think the field, as a whole, 
needs to focus more on how teachers modify and adapt curricula and structure 
classroom instruction in different contexts and the underlying reasons for their 
decisions. This study, for example, made me wonder about the underlying goals of 
the classroom teacher. It seems to me that Jackie’s main goal was to increase the 
likelihood that the students would discuss the policies and not for them to learn how 
to engage in better socio-scientific argumentation. I think this is one reason why we 
tend to see teachers, such as Jackie, scaffold student engagement in this type of 
activity so much; teachers often want to make sure their students do it “right” the 
first time. However, it might be better to let students make mistakes and allow them 
to learn from them (along with more productive strategies and techniques) if the 
long-term goal is better argumentation skills, especially if the teacher plans to 
engage students in argumentation repeatedly over the course of the semester. I also 
wondered about how much the “unwritten rules of school” influenced the students’ 
actions during this activity. The Bleaksville activity is clearly different from typical 
science classroom activities and it often takes students a long time to learn how to 
participate in unfamiliar activities. Students also need to see the value of this type 
of activity such that it makes sense and they have a reason to construct and evaluate 
arguments with their peers in the context of school science (Berland & Reiser, 
2009). Is there a need for more longitudinal studies of how teachers scaffold socio-
scientific argumentation inside the classroom over time and how students learn to 
participate in this type of complex activity? I think we could learn a great deal from 
this type of research.

Maria also raises some interesting questions about the quality of arguments 
generated by students and the nature of the activities used by science educators to 
promote and support students in socio-scientific argumentation. Overall, I think 
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there clearly is a relationship between the nature of the arguments crafted by students 
and the amount and type of information available to students and the nature of the 
topic. For example, if we want students to construct an evidence-based argument, 
then students need to have access to data gathered through empirical research (or 
findings from empirical studies) that they can analyze, interpret, and transform into 
evidence. In socio-scientific contexts, students also need access to information 
about political motives, economic realities, and other factors. Students, in other 
words, need to have access to a great deal of information before we can expect them 
to look at an issue from multiple perspectives and construct two-sided arguments.

In the context of an imaginary scenario, such as the Bleaksville activity, the 
responsibility for finding or creating this information lies with the developers of the 
activity. Yet, students do not have to engage in socio-scientific argumentation 
around an imaginary scenario. Students can be asked to weigh the pros and cons of 
a proposed tax on beverages with high sugar content or evaluate the merits of a 
proposed cap and trade policy as a way to control carbon emissions. In this type of 
activity, students could use the available literature to develop their arguments and 
critique the arguments of their peers. I think the more important question is how to 
structure an activity in the appropriate manner in light of the topic, students 
involved, and the student learning objectives. The number of questions educators 
must consider when designing an activity, curriculum, or learning environment is 
vast. For example, what do we want students to be able to do during an episode of 
socio-scientific explanation? Should students be supplied with information or 
should we expect them to find their own? If we supply students with information 
should it all be relevant or should we expect students to determine what is and what 
is not important? Is it better to start simple for students and get more complex or is 
better to start with a complex issue and let students learn from their mistakes? 
There is a great deal of research that needs to be done before we can begin to 
develop tentative answers to these types of questions. I think we also need to learn 
more about student thinking in these various situations before we can begin to take 
advantage of the potential benefits of engaging students in socio-scientific argu-
mentation. Last, but certainly not least, we also need to determine if the answers to 
these various questions are context specific or broadly applicable.

Simon and Amos: Maria raises two questions in her response to the chapter. First 
she asks whether the quality of arguments is connected to the quality of evidence 
provided to the students in the learning environment and second, whether quality of 
argument would be higher when evidence is sourced by the students themselves. 
The answer to the first question is clearly yes; in a recent study of students engaged 
in argumentation in socio-scientific contexts we have found that if information is 
provided with an activity then the students tend to use it in their argumentation in 
addition to, or in preference to, their own ideas and knowledge, thus quality of 
argumentation is connected to the kinds of evidence available. Exploring the links 
between quality of socio-scientific argument and the kinds of evidence both pro-
vided and used (i.e., scientific, social, economic) could be a subject of further 
research using different socio-scientific contexts.
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With reference to Maria’s second question, it is interesting to note that prior to 
the Bleaksville debate, the Twenty First Science teaching unit did include activities 
where students measured local air quality. However, neither they nor the teacher 
made specific links between the practical investigation and the debating activity. To 
make the Bleaksville debate more authentic and relevant, with the possibility of 
higher quality argumentation, guidance could be provided to help teachers scaffold 
the links between the activities of the scientific components and the socio-scientific 
debates. Indeed such links could be a vehicle for helping students to develop scien-
tific argumentation as well as socio-scientific argumentation, through drawing out 
the kinds of arguments needed in both contexts and evaluating the differences. Such 
a process would address the distinction between the two forms of argumentation 
that is the basis of Vic’s first question, where he raises the issue of overlap and dif-
ference between scientific and socio-scientific argumentation.

Vic also raises the question of how we define “evidence” in a socio-scientific 
context. The course materials for Bleaksville use the term “evidence statements,” 
even though, as Vic suggests, the statements provide different types of reasons 
rather than evidence. The term evidence is clearly problematic if its definition is 
based on observations, measurements or findings collected, analyzed, and inter-
preted by researchers. In our work on argumentation, “evidence” is defined as 
information used in arguments to support claims, either as data, warrants or back-
ings. In designing materials for teachers to use in socio-scientific argumentation, 
curriculum developers are clearly specifying statements that could be used as evi-
dence to support claims, which is helpful to teachers inexperienced in teaching 
argumentation as well as the students themselves. We agree with Vic’s suggestion 
that strategies to help students identify the reasons used to support different view-
points and how to challenge these reasons in an appropriate way are important 
aspects of learning how to engage effectively in socio-scientific argumentation, but 
such strategies can be achieved through examining the nature and strength of rea-
sons or “evidence” irrespective of how these are labeled. This point leads to Vic’s 
fourth question about the criteria students use in evaluating arguments. In our study 
on quality of argumentation we did focus on the structural nature of students’ argu-
ments and it would have been interesting to explore the criteria students used. 
However, our study was undertaken in an authentic classroom where Twenty First 
Century activities were being piloted. We would have needed to take a more inter-
ventionist stance to explore students’ ideas about how they judged evidence. 
Jackie’s intervention was restricted to identification of pros’ and “cons” rather than 
strength of evidence and argument. In our other work with teachers using IDEAS 
(Osborne, Erduran, & Simon, 2004), we have tried to emphasize the importance of 
developing criteria for evaluating knowledge claims, but teachers find this unfamil-
iar and need tools for supporting such a process with students.

Vic’s final point is that the field needs to focus more on how teachers modify 
and adapt curricula and structure reasons for their decisions. Since the publica-
tion of IDEAS, we have been re-examining the criticality of guidance and how it 
relates to teachers’ interpretation and enactment of argumentation activities 
(Simon & Richardson, 2009). There are many layers of interpretation involved, 
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and enactment is driven by underlying goals and values. Our recent work in 
developing argumentation practice in whole school science departments has 
revealed the need for both teachers and students to practice argumentation activi-
ties, and our current analysis building on earlier work on teachers’ scaffolding of 
argumentation ( Simon, Erduran, & Osborne, 2006) aims to understand teachers’ 
development in this practice.
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What argument against social change could be more effective 
than the claim that established orders exist as an accurate 
reflection of innate intellectual capacities?

Stephen Jay Gould, The Mismeasure of Man

Introduction: Biological Determinism, When Science  
Meets Ideology

There is agreement within the science education community on the contributions of 
argumentation about socio-scientific issues (SSI) to scientific literacy and to the 
development of critical thinking (Kolstø, 2006). SSI involves scientific arguments 
in addition to political, personal or ethical questions about what action to choose 
(Kolstø, 2006). It is suggested that argumentation about SSI makes scientific learn-
ing meaningful, as it provides a context that connects science with everyday prob-
lems where citizens are expected to make decisions, and requires taking an active 
role to solve controversies. Argumentation in these contexts involves not only 
applying scientific knowledge, but also developing an independent opinion in order 
to critically examine scientific claims and arguments, in other words, becoming a 
critical thinker (Jiménez-Aleixandre & Puig, 2010).

Biological determinism, which is the focus of this chapter, has social relevance 
because determinist views have been used, and still are used, to support political 
agendas challenging the notion that all humans are equal. But it differs from other 
SSI, as for instance cloning (Jiménez-Aleixandre & Federico-Agraso, 2009) where 
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the issues at stake relate to genetics but the controversies themselves are ethical 
in nature. In our unit about gene expression, students need to appeal primarily to 
causal explanations about genetics, rather than to values, although social repre-
sentations play a role in the arguments about this issue. The relevance of different 
contexts (for instance, causal explanations or decision-making) for argumentation 
and the use of evidence are discussed elsewhere (Jiménez-Aleixandre & Puig, 
2011).

The focus of the current study and the embedded teaching unit has ethical, 
social, and political implications: causal explanations (interaction versus determin-
ism) about gene expression in the phenotype, in particular, about human perfor-
mances. The current model of gene expression explains the relationships among 
genotype and phenotype, as for instance human traits and performances, as a 
 consequence of gene-environment interactions. Causal explanations are constructed 
through social processes of questioning, evaluation, and revision (Berland & 
Reiser, 2009), meaning that the scientific practices of argumentation and  explanation 
are interconnected. Educational research has examined students’ difficulties in the 
genetic domain (Duncan, Rogat, & Yarden, 2009; Knippels, 2002). Nevertheless, 
to our knowledge there are no studies that explore the difficulties in the  construction 
of the phenotype notion in connection with human traits and performances and the 
determinist representations that may be associated with it.

This chapter discusses the design and implementation of a teaching sequence, 
through a pilot study and two teaching cycles, in five high school classrooms. The 
topic is the causal model of gene expression and gene-environment interactions. 
The goals are to engage students in modeling gene expression and in using evidence 
to build explanations about human performances.

Our aim is to analyze teacher-students interactions or, as Tiberghien, Vince, and 
Gaidioz (2009) call them, joint productions, to increase our understanding about 
the challenges in teaching the model of gene expression and its potential interfer-
ence with determinist views. We seek to explore how meanings about gene- 
environment interactions are constructed in the class. This analysis is framed in the 
model of didactical transposition (Chevallard, 1991), characterizing knowledge 
transformations, from scientific community (reference knowledge) to curriculum 
and teaching resources (knowledge to be taught), and from these designed instruc-
tional sequences to taught knowledge. The objectives, related to these steps in 
knowledge transformation are:

 1. To analyze the process of design of the learning tasks with the purpose of making 
explicit assumptions and decisions guiding it, that is, the first step in didactical 
transposition, from reference knowledge to knowledge to be taught.

 2. To examine two teachers’ actions during the unit about gene expression, in par-
ticular how they dealt with the gene-environment interactions, and to character-
ize the didactical contracts created in both classrooms, that is, the second step in 
didactical transposition, from designed to taught knowledge.

 3. To examine students’ difficulties related to the construction of explanations that 
acknowledge gene-environment interactions.
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Rationale: Determinism and Genetics Learning

In this section we will first review the notion of biological determinism and its 
 current resurgence in the context of particular political agendas; then we turn atten-
tion to science education studies about genetics learning, in particular about the 
model of gene expression.

Determinism from Mainstream Science to Support for Racism

Biological determinism is the view that genes entirely determine all individual 
traits and performances, including intelligence, criminality or academic achieve-
ments. In daily life it is commonly expressed in racist and sexist opinions. 
Determinists attribute social and economic differences among different races or 
genders to hereditary; they consider these differences to be innate distinctions. 
These views were part of mainstream science; for instance, a hierarchy was estab-
lished distributing human races from “superior” (white) to ‘inferior’, according to 
features such as skin color. Cuvier (1817) “studied” the body of Saartjie Baartman, 
known as the Hottentot Venus, concluding that she was a proof of why these (black) 
races were “condemned to eternal inferiority”.

Nowadays “human race” is not accepted as a biological notion, much less as a 
hierarchy of “superior” and “inferior” people. Determinist views have been replaced 
by a consensus on the interaction between genes and environment. As Lewontin 
(1991) points out, although there is a large amount of variation from one individual 
to another from the same ethnic group, accounting for 85% of all genetic variation, 
there is remarkably little variation on average among major groups (7% of all genetic 
variation). The remaining 8% of variation is found between ethnic groups within a 
race. However, as with other socially constructed representations (Moscovici, 1961–
1976) determinist views, explicit or implicit, continue to exist in society. The persis-
tence of these views is reflected in the media, literature or jokes. Biological 
determinism cannot be justified on the basis of current scientific evidence, such as 
genome research. Then, why is this view still circulating? Who legitimizes it?

A particularly disturbing occurrence is that of political discourses that relate issues 
such as alcoholism, violence or suicide to genetic determination. We illustrate this 
trend with two statements of European politicians: first, the French president Sarkozy, 
in an interview: “Every year about 1,200 to 1,300 young people commit suicide in 
France. It is not because their parents do not care about them, but because, genetically 
they had frailty, a previous pain” (El País, September 10, 2009). The second example 
is taken from a newspaper article by Mariano Rajoy, current leader of the conservative 
party (Partido Popular), which has been alternating in the Spanish government with 
the socialists since the late 1970s. The article, entitled Human equality and models of 
society questions the “cliché of human equity”:

Natural inequality among men is written on the genetic code, where the roots for all human 
inequalities are found: in it are transmitted all our conditions, from physical, health, color 
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of eyes, hair, corpulence… to the ones that we call psychical, as intelligence, disposition 
for arts, studies or business. (Faro de Vigo, March 4, 1983)

Although this text was written years ago, this author has never distanced himself 
from the positions offered in this and a later article on the same issue.

Determinism explains social inequalities as a result of biology. Its message, as 
point out, is that all social phenomena are rooted in human nature. This reduc-
tionist view on human beings may be comforting for individuals because it pro-
vides an explanation for inequalities. If genes were responsible for determining 
exactly who each person would become and individuals do not have control over 
the outcome, then there would be no social responsibilities. The resurgence of 
determinism has been related to conservative proposals for reducing investments 
in social programs (Gould, 1981). It is used to support political agendas seeking 
scientific justification for reducing support for deprived segments of society; 
poverty, unemployment, and educational exclusion are interpreted as a result of 
innate features rather than social conditions (Kaplan & Llomovatte, 2009). In 
other words, responsibility is placed on individuals and on genetic traits, not on 
society (Lewontin, 1991).

Contemporary determinism asserts for instance that the differences in  intelligence 
between blacks and whites are due to genetics (Herrnstein & Murray, 1994; Jensen, 
1969). On October 14, 2007, in an interview for the Sunday Times, the Nobel 
 laureate James Watson, talking about Africa, said that “all our social policies are 
based on the fact that their intelligence is the same as ours – whereas all the testing 
says not really.” Watson went on to argue that people who employ black workers 
challenged the notion of equality. Watson’s claim is a statement with political 
implications, which may be used to justify the reductions of investments in African 
countries. Racism is a target for educators, but we have not located any studies, 
besides Levy, Selles, Ferreira’s (2008) exploration of textbooks, about determinism 
in the science classroom. In this study we focus on the students’ positions between 
acknowledgment of interactions and determinism.

Teaching and Learning About Phenotype-Genotype Relationships

Research shows that genetics is one of the most difficult topics for students (Duncan 
& Reiser, 2007; Knippels, Waarloo, & Boersma, 2005; Lewis & Wood-Robinson, 
2000), so the challenge for science educators is to develop learning environments 
that promote students’ scientific literacy in this topic. This chapter deals with the 
model of gene expression and its application requires an appropriate understanding 
of the phenotype notion and of the influence of environment in gene expression. 
Given the complexity of these ideas and the lack of resources, as evidenced by the 
analysis of textbooks below, our goal was to develop a sequence supporting stu-
dents’ appropriation of this model. We agree with Gelbart and Yarden (2006) about 
the need to provide students with a context giving opportunities to apply genetics 
concepts, develop new knowledge, and present it in different ways. Tasks set in real 
life and SSI constitute appropriate contexts for this purpose.
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Why is it important to understand this model? There are two primary  
reasons: first, it explains the relationships among genotype and phenotype account-
ing, for instance, for human traits as height and performances such as athletic 
achievements or intelligence. Without understanding these relationships students may 
not be able to reason about how the environment influences some phenotypic traits, 
for instance, why nowadays people are taller than several generations ago. Although 
phenotype is sometimes defined as the “visible” manifestation of genes, it needs to 
be noted that some traits, like blood type, are detectable rather than “visible.”

Second, understanding this model is necessary for a critical evaluation of 
 determinist views. Although there are studies showing that students have poor 
understanding of the relationships between genotype and phenotype (Tsui & 
Treagust, 2007; Venville & Donovan, 2005), they do not deal with biological deter-
minism. For instance, Lewis and Kattmann (2004) have reported students’ difficul-
ties in distinguishing between genotype and phenotype, and as a result, in considering 
the microscopic and molecular causal mechanisms of genetic phenomena. Duncan 
et al. (2009), in their proposal of a learning progression in genetics, suggest that one 
of the core ideas of students’ understanding in genetics is related to the interaction 
between genes and environment, but that this set of ideas is often entirely missing 
from the genetics curriculum. They indicate that the risk of developing a determin-
istic view is greater when students lack explanatory mechanisms that link genes to 
traits, being unaware of what organization level the genetic information specifies.

In a previous study (Puig & Jiménez-Aleixandre, 2010a), we suggested that 
students’ difficulties in identifying data related to the model of gene expression and 
using them to evaluate a determinist claim may be influenced by social representa-
tions of human races. Artistic skills, human performances, and health conditions 
are sometimes presented as genetic traits without any environmental influence, 
misinterpreting an individual’s genetics endowment as predestination. The fact that 
these ideas are still circulating makes it difficult for students to understand what 
phenotype actually is and what influences it. We think that understanding the model 
of expression is a necessary but not sufficient condition to evaluate determinist 
claims and that students need to develop critical thinking. In our characterization of 
critical thinking (Jiménez-Aleixandre & Puig, 2010), there is a component related 
to social emancipation and the capacity to develop one’s own opinion as opposed 
sometimes to the mainstream ideas of a community or society.

Methods and Educational Context

Methodological Framework: Didactical Transposition

Our methodological approach is framed by the theories of didactical situations 
(Brousseau, 1998) and didactical transposition (Chevallard, 1991) based on the 
assumption that there are social conditions required for knowledge to exist, as 
knowledge can only stay alive if it is studied, used or both.
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Didactical transposition characterizes the process of transformation of  knowledge 
from one community, scientists (reference knowledge), to another, classrooms 
(taught knowledge). As Tiberghien et al. (2009) point out, there are two steps in the 
transposition: (1) from the reference knowledge to the knowledge to be taught and 
(2) from the knowledge to be taught to the taught knowledge. The knowledge to be 
taught consists of official curricula, textbooks, and other resources and the taught 
knowledge is related to the way a teacher enacts it in a particular class.

For objective 1, the analysis of the design process is based on Tiberghien et al. 
(2009), who propose a framework to develop research-based design, relating deci-
sions to theories about knowledge, teaching, and learning. For objective 2, the 
analysis of the teachers’ actions is based on the work of Sensevy (2007). Sensevy 
characterizes the “didactical action” (action didactique) as a reciprocal action 
based in communicative processes between the teacher and the students. This 
approach is based on the assumption that knowledge shapes the teaching and learn-
ing practices and that didactical action is a joint action between teacher and stu-
dents. For analyzing these interactions between teacher and students, we adapted 
Mortimer and Scott’s (2003) tool.

The analysis of teachers’ actions is framed in the notion of didactical contract 
(Brousseau, 1998), which characterizes the teacher’s expectations about students 
and the students’ expectations about the teacher. As Tiberghien et al. (2009) dis-
cuss, the didactical contract constitutes a system of norms, some of which are 
generic and will be lasting, while others are specific to elements of knowledge and 
need to be redefined with the introduction of new elements.

For objective 3, the examination of students’ difficulties in explaining phenotype 
as a result of the gene-environment interactions, instead of seeing it as depending 
only on genes (biological determinism), the students’ wrote reports and the tran-
scriptions of their talk were analyzed, and categories constructed in interaction with 
the data.

Context and Data Collection

This is a multi-case study conducted through a pilot study and two research 
cycles in five classrooms from three public (state) secondary schools in Galicia, 
the northwest region of Spain. All of the students involved in the research (N = 127) 
were native Spaniards. The teaching sequence was carried out in several (rang-
ing from three to five) sessions, each lasting 50 min except the pilot study that 
was developed in two sessions. The full study including the pilot and research 
cycles extended over a 3-year period. All the teachers, identified by pseudonyms, 
are male and hold a degree in Biology. In this section, we outline the specific 
context of each case study and the data collected. Table12.1 summarizes this 
information.

Students worked in small groups and each group was audio and video taped. The 
researcher (first author) took notes about teacher-students interactions. All  drawings 
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and diagrams used on the blackboard or electronic board were also registered. 
Sometimes, at the request of the teachers, the researcher engaged in classroom 
activities to offer guidance with the tasks.

Pilot Study

The pilot study was developed with a group of 9th graders (14 to 15 years old). The 
students were from middle class backgrounds, and the teacher was a professional 
with more than 20 years of experience and involvement in inquiry approaches.

Case Study 1

The setting was the same school as the pilot study with two tenth grade biology 
classrooms (including some of the students from the pilot study). The teacher was 
a novice, with only 2 years of experience. All tasks were discussed with him, 
although, due to lack of experience, he offered little input.

Case Study 2

The second case study, conducted in the second research cycle, was developed with 
tenth grade students from a working class background in a small town. The teacher 
had more than 15 years of teaching experience, most of it in this particular school. 
The tasks were discussed with him. Issues related to data collection and students’ 
distribution in groups were also negotiated with the teacher. The scenario was quite 
different from the pilot study and case study 1 because many of the students 
involved were not high achieving or expressed little interest in school activities. 
Seven of the 18 students were repeating the course.

Table 12.1 School context in the pilot study and research cycles

First research cycle Second research cycle

Pilot study Case study 1 Case study 2 Case study 3

School and 
location

School A city School A city School B town School C small 
village

Grade and age 9th grade  
(14–15)

10th grade  
(15–16)

10th grade  
(15–16)

11th grade  
(16–17)

Course Biology &  
geology

Biology &  
geology

Biology &  
geology

Science for the 
modern world

Number of classes 
and students

1 (24 students) 2 (50 students) 1 (18 students) 1 (35 students)

Number of 
sessions

2 3 5 4



208 B. Puig and M.P. Jiménez-Aleixandre

Case Study 3

The third case study was conducted in a rural school located in a remote village 
where agriculture and roofing slate quarries constituted the main socioeconomic 
activities. The students and teachers shared particularly strong and trusting relation-
ships in this school. The teacher with whom we worked had been teaching for 
10 years. He was involved in research projects related to inquiry and was pursuing 
a Ph.D. in science education at the time of the intervention.

From Reference Knowledge to the Knowledge  
to Be Taught: Design of the Teaching Sequence

In this section, we analyze the design process of a teaching sequence (TS) about the 
model of gene expression for tenth grade. It is a developmental research approach, 
drawing from theory and practice (Knippels, 2002), and consists of a process of 
testing the adequacy of learning tasks and design in a classroom setting.

The concept of didactical transposition helps to make explicit the process of the 
development of the teaching sequence. The first step of the didactical transposition 
consists of how the reference knowledge is transformed into the knowledge to be 
taught. Figure 12.1 summarizes the different elements, both theoretical (goals, 
design principles, and literature review) and empirical (textbook analysis, pilot 
study, and time constraints) that shape this first step.

Reference Knowledge

The reference knowledge is composed of two strands: (1) Genetics, in particular, 
the model of gene expression and gene-environment interactions, a topic connected 
to a social issue and biological determinism, and (2) Scientific practices, including 

Fig. 12.1 First step in the didactical transposition: from reference knowledge to knowledge to be 
taught



20912 Different Music to the Same Score

modeling, argumentation, and the use of evidence. Argumentation and modeling 
are two central practices in science that are connected in that argumentation is a 
process that underlies the examination, evaluation, and revision of models (Berland 
& Reiser, 2009).

Goals and Design Principles

The transformation of reference knowledge into knowledge to be taught does not 
involve a simplification. It is a process of knowledge transformation expressed in 
the choice of learning tasks for students supporting the appropriation of the model 
of gene expression and its application to different contexts. As Tiberghien (2008) 
indicates, elaborating the knowledge to be taught that leads to scientific culture and 
to citizenship education, necessarily goes beyond disciplinary goals. Therefore, this 
sequence has three goals for students, the first two related to science education and 
the third to citizenship: (1) to be able to apply the model of gene expression to 
real life contexts; (2) to develop the competency of using evidence and building 
arguments; and (3) to be able to develop a critical stance toward biological 
determinism.

How did we use these goals and design principles in order to transform the 
 reference knowledge? The consequences of the goals were first that tasks 2 and 3 
required students to apply the model of gene expression to everyday contexts. 
Secondly, these tasks engaged students in the practice of selecting and using evi-
dence in order to support a claim. Finally, the tasks, particularly numbers 2 and 3, 
addressed biological determinism. It has to be noted that this is not the standard 
way of transformation of reference knowledge, as illustrated by the textbook 
 analysis reported below.

The choice of the design principles related to these goals draws from Jiménez-
Aleixandre’s (2008) proposal for learning environments that support argumenta-
tion. We briefly discuss how three of these design principles, role of students, of 
teachers, and learning tasks, influenced the decisions made in the design.

•	 Active role of the students: The tasks were designed in order to actively engage 
students in the scientific practices of modeling and use of evidence. For instance, 
in task 1 adapted from “Take two people” (Dixon, 1982), students worked on the 
construction of a model about relationships between genotype and phenotype. In 
task 2, students needed to relate pieces of evidence to claims about causes for 
the achievements of black sprinters.

•	 Learning tasks set in real life contexts: The learning tasks were drawn from real 
life. For instance, the second task (“Athletics”), related to the use of evidence, 
provided a context where students were asked to build arguments about black 
athletes’ achievements. In task 3 (“Watson”), students had to evaluate a deter-
minist claim. In terms of classroom organization, the tasks used cooperative 
learning strategies and required students to pay attention to different points of 
views within their groups.
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•	 The role of the teacher: According to Sensevy (2007) didactical action is a joint 
production of teacher and students, which means that the teacher should act as a 
knowledge mediator. The teachers’ actions and interactions with students are 
discussed in the section about taught knowledge.

Literature Review

The literature review about genetics learning, discussed in the rationale, was used 
first to identify learning problems that needed to be addressed such as understand-
ing the genotype – phenotype relationship and second to locate proposals for tasks 
that were incorporated into the sequence such as the modeling activities designed 
by Dixon (1982) and Johnson (1991). This first step in the didactical transposition 
was also influenced by empirical elements: the analysis of school textbooks and the 
development of a pilot study as well as the time constraints, which were a chief 
concern for the teachers.

Analysis of Textbooks

We wanted to check how school textbooks introduced the model of genotype expres-
sion and whether they dealt with biological determinism. For this purpose, the con-
tents of genetics chapters in five tenth grade textbooks were analyzed. Tenth grade is 
the first year in which genetics is a part of the Spanish curriculum. The four teachers 
involved in the study used two textbooks (TB1 and TB2), which are the most widely 
used in Spain. We decided to examine three more textbooks in order to have a repre-
sentative sample, providing an overview of how this topic is typically presented in 
schools. Four dimensions of textbook presentations were analyzed: (a) the definition 
of phenotype; (b) examples of the influence of the environment on gene expression; 
(c) questions and activities requiring the application of the phenotype notion; (d) 
references to determinism or “race.” The findings are summarized in Table 12.2.

Table 12.2 Summary of the textbooks analysis. N = 5 textbooks, TB1 to TB5

Dimensions Number of textbooks N = 5

Definition of phenotype
Phenotype as a result of interactions  

gene-environment
4

Phenotype solely as the expression of genes 1 (TB3)
Examples of the influence of environment

Two different examples 3 (TB1, TB3, TB4)
One example 2 (TB2, TB5)

Questions and activities requiring the application  
of the phenotype notion

1 (TB2)

References to determinism and race 2 (TB2, TB3)
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•	 Definition of phenotype: We examined first whether textbook authors defined 
phenotype as the result of interactions between genes and environment or just 
as gene expression. Second, we examined whether authors discussed the idea 
that some phenotypic traits are detectable but not visible. Four textbooks 
defined phenotype as the result of an interaction between genotype and envi-
ronment and one as solely gene expression: “The genes contained in one indi-
vidual for a specific character constitutes his/her genotype (AA; Aa or aa) and 
the expression of that genotype is called phenotype” (TB3). This narrow defini-
tion, not consistent with the reference knowledge, revealed determinism. All 
five textbooks defined phenotype as the “set of visible characters in any indi-
vidual” (TB2), without mentioning that some characters, like blood types, are 
detectable but not visible.

•	 Examples of the influence of environment on gene expression: Little space was 
devoted in the textbooks to explanations or examples of the influence of the 
environment on gene expression. Three presented two examples, and the other 
two just one. In all, only four different examples were found: Human height, 
muscles, hair color in animals, and obesity. Two textbooks (TB1, TB2) pre-
sented height as an instance of influence of environmental factors, in particular 
of nutrition: “Human height is an inherited trait, parents that are tall usually have 
children that are tall too, but alimentation does definitely influence this trait” 
(TB2). The development of muscles is explained in two textbooks (TB1, TB3) 
as a consequence of training.

•	 Questions and activities requiring the application of the phenotype notion: 
There were only eight questions or activities related to genetics in the five text-
books. Five were problems of Mendelian genetics requiring the use of the 
Punnett square and did not demand applying the model in different contexts. As 
Stewart (1983) pointed out, solving this type of problem does not necessarily 
require an adequate understanding of genetics’ content knowledge. We found 
only one question in TB2 that required applying the notion of the influence of 
the environment in the genotype expression: Can two individual with different 
phenotype exhibit the same genotype? The others were related to the transmis-
sion of human traits from parents to offspring.

•	 References to determinism and the “race” issue: The analysis revealed that 
while all textbooks addressed some of the social implications related with bio-
technology and genetic engineering (transgenic organisms, cloning, DNA tests, 
etc.), only two (TB2 and TB3) mentioned races and racism. However, neither 
text explicitly addressed biological determinism and the underlying misunder-
standing of the model of gene expression. TB2 mentioned the genetic similarity 
of humans, using it to justify the lack of a scientific base for the notion of human 
“races”: “Human beings are very similar from each other. 99.9% of the genetic 
data is common to every person, therefore it does not exist a genetic base for the 
notion of race.”

TB3 discussed three issues in a section entitled “Diversity and racism”: First, the 
old idea of “races” as categories to classify human beings. Second, it emphasized 
that all individuals are different from each other, highlighting it in bold type: “There 
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are not two people totally identical although neither completely different in 
 everything.” Third, it claimed that racism is a social but not a scientific problem. 
Although raising the issue of races is interesting, the text did not explicitly discuss 
that races, as hierarchical categories, do not exist in a biological sense or make 
 connections to biological determinism.

In summary, the analysis of these five textbooks indicated that all but one 
 provided an adequate definition of phenotype. It is worth noting that in all books, 
there was little space devoted to explanations or examples of the influence of the 
environment: a small number of examples per book and only one question about the 
explanation of the influence of environment in gene expression. For Toulmin 
(1972) we only understand the scientific meaning of words and notions when we 
learn to apply them. If students are not required to transfer the model of gene 
expression to different contexts we cannot know whether they understand it. 
Concerning biological determinism, two textbooks mentioned the question of races 
but did not relate it to the model of gene expression.

Analysis of the state-approved curriculum for tenth grade biology (MEC, 2007) 
revealed little attention to the notion of phenotype. The evaluation criteria empha-
sized the student ability to distinguish among primary genetics constructs and to 
solve Mendelian genetics problems. Concerning the social implications of genetics, 
the curriculum highlighted the capacity of students to analyze critically “the bene-
fits and risks related to modern biotechnology (genetic therapy and transgenic 
food).” Therefore, it is not surprising that textbooks did not address biological 
determinism.

The consequences of this analysis for the didactical transposition were that it can 
be assumed that if teachers rely on textbooks as a primary resource for teaching, as 
happens in most cases, they will likely find adequate definitions of phenotype but 
very little help in terms of activities that support student application of this notion. 
So the teaching sequence needed to include these types of tasks.

Results of the Pilot Study

The pilot study was developed with a group of ninth graders with the purpose of 
examining the use of evidence and the students’ positions toward Watson’s claim 
about genetic differences in intelligence between blacks and whites (Puig & 
Jiménez-Aleixandre, 2010a). Grade 9 was chosen as it is the last year when sci-
ence is compulsory for all students and therefore is the highest level of science 
for about half of the Spanish population. The purpose was to better understand 
how the general public would critically analyze a determinist claim. The results 
revealed that students experienced difficulties in recognizing evidence, as for 
instance the influence of training or other environmental factors. The students 
demonstrated problems understanding the influence of the environment in gene 
expression.
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How did we use the results of the pilot study to go from the reference  knowledge 
to the teaching sequence? First, the results highlighted the need for devoting more 
time to developing the model of gene expression, including a detailed explanation 
of the phenotype notion and examples of the influence of the environment on gene 
expression in different contexts. Second, the results suggested the need for learn-
ing activities that engage students in modeling the relationships between genotype 
and phenotype and in using evidence. Third, they revealed a need to modify 
the items in the Watson task that proved the most difficult for the students to 
interpret.

Time Constraints

The third empirical element that influenced the transposition was limitations in the 
time available in classrooms. Our initial draft consisted of six to eight sessions to 
be delivered over 2–3 weeks but after negotiations with the teachers, it was appar-
ent that they were only ready to devote four or five sessions to this issue. As 
Jiménez-Aleixandre and Sanmartí Puig (1995) pointed out, the reduction of one-
third in the number of science hours in the Spanish curriculum in the last decades 
was not accompanied by a parallel reduction in expected content coverage. Teachers 
felt that it was difficult to cover all the topics and to attain all the objectives in so 
little time. Therefore, it was necessary to adapt the tasks to the number of sessions 
available for each teacher.

The Knowledge to Be Taught: The Designed Sequence

Taking into account the theoretical and empirical elements and the time limitations, 
the first decision was to devote session 1 to an explanation of genetics concepts and 
the remaining four sessions to different tasks, two adapted from previously devel-
oped materials (tasks 1 and 4), and two designed by us (tasks 2 and 3). Table 12.3 
summarizes the tasks and concepts in the full sequence with an indication of the 
tasks developed in each case. The development of session 1 is discussed in the next 
section.

•	 Task 1 “Take two people”: The first task, designed for the second session, was 
adapted from previously developed materials (Dixon, 1982). It provided oppor-
tunities for student groups to create models of inheritance. The objectives of the 
task were to help students: (a) visualize relationships between phenotype and 
genotype, and (b) reveal the role of chance in the formation and combination of 
gametes.

•	 Task 2 “Athletics”: The second task required students to establish relationships 
between eight pieces of information and three different explanations about the 
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causes of the outstanding achievements of black sprinters. The prompt high-
lighted the fact that black athletes have placed in the top three positions at each 
Olympics and World Championship sprint competitions since 1987. The objec-
tives of this activity were to (a) identify evidence for a given claim and connect 
evidence and claim through justifications for argument building; and (b) apply 
the model of gene expression in a real-life context. It had originally been 
designed for at least two sessions, so we had to simplify it in order to meet the 
teacher’s needs in terms of timing.

•	 Task 3 “Evaluation of Watson’s claim”: The third task was tested in the pilot 
study and modified accordingly (Puig & Jiménez-Aleixandre, 2010a). A new 
item was introduced with data showing the increase in height of Galician men in 
the last 70 years. Human height is one of the most frequent phenotype examples 
in textbooks, but some authors (Diehl & Donnelly, 2008) explain it as a conse-
quence of evolution. In another study with eleventh graders (Puig & Jiménez-
Aleixandre, 2010b), we found that a 17% of the students considered this increase 
as an evidence of evolution.

•	 Task 4 The doughnuts analogy: This modeling activity was adapted from 
Johnson (1991). The activity used something familiar to students (in our case 
doughnuts, a traditional Spanish sweet) to explain the unfamiliar (phenotype and 
genotype). The goal was to help students construct meanings for genetics’ 
 concepts and to visualize the influence of environment on the phenotype, as 
doughnuts made with the same recipe could look quite different.

Two classroom cycles comprising three case studies were implemented in order 
to test and improve the sequence.

From Knowledge to Be Taught to Taught Knowledge

The second step of the didactical transposition consists of how the knowledge to be 
taught is transformed into the taught knowledge. Figure 12.2 summarizes the dif-
ferent elements that shape this second step, influencing the different forms of the 
taught knowledge.

Fig. 12.2 Second step in the didactical transposition: from knowledge to be taught to taught 
knowledge
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Teachers’ Experience and Pedagogical Content Knowledge

As discussed in the methods section, the three teachers had different levels 
of  teaching experience and expertise. We framed teacher expertise in terms of 
Pedagogical Content Knowledge (PCK; Shulman, 1986) or subject matter knowl-
edge for teaching, which includes an understanding of typical student learning 
difficulties and a repertoire of teaching strategies. The analysis focuses on two 
teachers Mr. Val (case 2) and Mr. Quiroga (case 3). (Both names are pseudonyms.) 
Although Mr. Val had more teaching experience, Mr. Quiroga had more  sophisticated 
PCK. Both teachers used TB1.

Students’ Background and Previous Experience

Several differences existed among the students in terms of socioeconomic back-
grounds and cultural capital (Bourdieu & Passeron, 1970), a notion explaining how 
social inequalities are reproduced through differences in cultural or symbolic capital 
(language, accent, dress), influencing academic opportunities and success of students 
from different backgrounds. There were qualitative differences among the three 
schools in this dimension, as the cultural capital of students in school A (case study 
1) is higher than those from schools B and C (case study 2 and 3). There were also 
differences in students’ experiences working in small groups and engagement in 
inquiry: the students in case 3 had this experience, while the others did not. In other 
words, their roles (as perceived or expected by the students) were different. This had 
consequences for the development of the sequence, as discussed below.

Classroom Organization

The learning environments designed by each teacher differed in their organization 
(which overlaps with the didactical contract) as seen in the analysis of the teachers’ 
actions. This became especially apparent in task activities that called for coopera-
tive learning and work in small groups.

Didactical Contract

The didactical contract constitutes the reciprocal expectations between teacher and 
students, the system of norms jointly created in the class. It includes the (usually 
implicit) roles of students and teachers and classroom management. Although the 
sequence’s design assumed that the students had the responsibility for building 
models (tasks 1, 4) and arguments (tasks 2, 3), it was also framed in an approach 
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where the teachers supported these practices. The teachers’ scaffolding presented a 
number of differences, discussed below.

Results of the First Classroom Study

The evaluation of case study 1, in two tenth grade classes, helped to identify design 
problems. An instance was students’ difficulties to use evidence, which lead to 
modifications in the tasks. Therefore, a new version of the sequence (TS2) was 
developed, to be used in cases 2 and 3. The teacher in case 1 did not consider it 
necessary to spend one session explaining the genetics concepts including pheno-
type. Instead, before task 1, “Take two people,” he reminded students of the main 
concepts. Some results of this case study, and consequences for the design were:

Structure of the sessions: the students could not complete the modeling task  –
“Take two people” because part of the time was used to review genetics’ notions. 
This confirmed our initial design and the need for two sessions, one for explain-
ing the concepts and one for the task.
Task comprehension: students had some difficulties understanding what they  –
were asked, particularly in one item about black sprinters in the Watson task. 
The task was split in two, and a new one (“athletics,” session 3) was designed, 
initially for two sessions, including a range of data to illustrate the role of both 
genes and environment in athletics achievements.
Use of evidence: as in the pilot study, students struggled to identify the model of  –
genotype expression in the items featured within the Watson task. For instance, 
some students interpreted human height as an instance of evolution due to 
mutations.

In summary, the main modifications from TS1 to TS2 were: devoting the first 
session to instruction about genetics concepts and splitting Watson’s task in two, 
one about athletics, and the other a revised version of the evaluation of Watson’s 
claim, asking students which evidence would be needed to support or rebut it.

Addressing Determinism: Social Implications  
of Gene-Environment Interactions

One of the three goals underlying the teaching sequence was the development of a 
critical stance toward biological determinism. Although this dimension was embed-
ded in the design, in particular in tasks 2 and 3, Mr. Val and Mr. Quiroga addressed 
it differently. Only Mr. Quiroga dealt with it explicitly, first in his presentation in 
session 1, then in the classroom debate after task 3. Time constraints influenced the 
two steps in the didactical transposition. In the second step, negotiation with the 
teachers resulted in four sessions for Mr. Quiroga and five for Mr. Val.
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Taught Knowledge: Teachers’ Actions

The second objective of the study is the examination of two teachers’ actions during 
the unit about gene expression: in terms of the didactical transposition, the taught 
knowledge, which is associated with a particular classroom (Tiberghien et al., 
2009). This section analyzes the didactical actions focusing on teachers in cases 2 
and 3 who taught the same version of the sequence.

First, we examine the teachers’ actions and their modes of interaction with stu-
dents in the first session, during which the teachers directed instruction. Second, 
their guidance of the students during the tasks in other sessions is analyzed. Third, 
we examine how they dealt with gene-environment interactions and its social impli-
cations. We outline the session development and then analyze the teachers’ actions 
through a revised version of Mortimer and Scott’s (2003) scheme. It should be 
noted that this is not an evaluative analysis; we consider both of these teachers as 
professionals. The purpose of the analysis is to examine how the same teaching 
sequence comes to be taught in different ways, thus becoming two different types 
of taught knowledge.

The Development of Session 1 in Two Classrooms

The development of this 50 min session can be divided into five episodes for 
Mr. Val and six for Mr. Quiroga, according to the content and the type of discursive 
moves. The episodes followed a pattern of the consecutive discursive moves of 
textualization (Mortimer, 2000): description as a first approach to a system, object 
or phenomenon, in this case its definition; explanation, which establishes relations 
between entities and concepts, importing a model to give sense to a specific phe-
nomenon; and generalization involving explanations independent from a specific 
context. To these we add application, when the notion is transferred to a new 
 context. The episodes and discursive moves are summarized in Table 12.4.

Episode 1 Introducing the lesson: Definitions. In the case of Mr. Val the episode 
was primarily a teacher’s lecture, with students listening. The predominant discur-
sive move was description or definition. He addressed a question to one student: 
Felisa: Would one person be homozygote or heterozygote for all his or her genes? 
What do you think? The student answered “No”; but instead of waiting for her 
justification, he offered an extended explanation.

Mr. Quiroga began by connecting genetics with evolution. He introduced the 
lesson showing the students a picture of Mendel and a few of Mendel’s peas 
brought from a visit to his laboratory. Then he wrote on the electronic board six 
terms: genotype, phenotype, allele, homozygote, heterozygote, dominant, reces-
sive. He emphasized the importance of understanding rather than memorizing as 
they would need to use these ideas to explain different phenomena. Students 
worked in pairs for 5 min on the definition of the six terms.
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Episode 2 Explanations about genotype/phenotype: Mr. Val began by asking one 
student to define phenotype, and followed the same pattern of explaining without 
waiting for her answer. Mr. Val provided three examples of phenotypic traits, 
observable (eye color), behavior (mice), and biochemical (lactose intolerance). He 
explained why phenotypes do not always exhibit in identical ways in parents and 
offspring. He posed a question about whether phenotype is inherited, to which the 
students answered “No.” Mr. Quiroga initiated a dialog with the students about 
these terms beginning with genotype after the students finished working on the 
definitions. He picked up their responses asking about where genes are located and 
the origin of the genes in our body.

Episode 3 Explanation, generalization, and application about gene-environment 
interactions: This was the longest episode in both classes, taking about half of the 
session’s time. As gene-environment interactions are the focus of this study, the 
way each teacher dealt with them are subjected to a detailed analysis in the section 
about students’ processes of construction.

Episode 4 Other genetics concepts: Mr. Val explained the relationship among 
dominant/ recessive alleles and phenotype, providing three examples. There was a 
brief dialog initiated by the teacher asking questions related with the concepts of 
homozygote and heterozygote. Mr. Quiroga and the students reviewed the same 
concepts, in a Socratic dialog.

Episode 5 Wrapping up and checking questions: In both cases, the researcher 
asked students about the differences between genotype and phenotype and solic-
ited instances of phenotypic traits. The students of Mr. Val offered the same 
examples used by the teacher. The students from Mr. Quiroga offered other 
examples.

Episode 6 Social implications of gene-environment interactions: Mr. Quiroga 
explicitly addressed determinist views about behavior. In an extended dialog  
(30 turns) the teacher probed students’ understanding with questions about whether 
traits and behavior depend on genes or come from the environment. There was 
substantial teacher feedback regarding student answers.

Teachers’ Guidance of Students in Tasks in Sessions 2, 3, 4, and 5

There were some general differences related to the didactical contracts in both 
classrooms. For instance, in Mr. Quiroga’s class it was apparent that students were 
used to working in small groups and were expected to express their opinions and to 
participate in the debates, whereas these activities were not apparent in Mr. Val’s 
class. Mr. Val’s students had difficulties in understanding the purpose of some of 
the tasks. They needed more support and the researcher had to step in more times 
as compared to Mr. Quiroga’s class. A second difference was that in Mr. Quiroga’s 
class all the students were required to carry out inquiry projects in small groups 
about their own questions (Jiménez-Aleixandre & Fernández, 2010). There had 
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been much explicit talk in the classroom about working as scientists do, and as a 
result they were familiar with notions related to scientific work.

Task 1 Take two people: The approaches to introduce this activity were noticeably 
different. Mr. Val explained what students needed to do, but he did not establish links 
to the concepts from the first session. Students did not complete the task within the 
allotted class time, so there was no opportunity for debriefing. Mr. Quiroga began by 
relating the task to some concepts from the previous session, highlighting genotype-
phenotype relationships, and gene-environment interactions.

Task 2 Athletics: Mr. Val read the handout aloud, without clarifying the meaning of 
each question. He assisted two of the small groups that specifically requested clari-
fication of question 2. Mr. Val highlighted the importance of listening to all views 
and reaching consensus before writing the report.

Mr. Quiroga began by relating the task to the notion of phenotype and some of 
the concepts from session 1. He and the researcher cooperated in clarifying  question 
2. Mr. Quiroga framed the task in scientific practices, making explicit the similari-
ties between this task and scientists’ practices, in particular the process of decision 
making through the use of evidence. Twice during the session Mr. Quiroga initiated 
a whole class discussion. At the end of the session, he recontextualized the task, 
asking students about the concepts important for carrying it out.

Task 3 Evaluation of Watson’s claim: Mr. Val’s students answered individually 
during session 4 and held a debate in session 5. Mr. Quiroga asked students to 
briefly discuss the task in small groups and then to write their conclusions. Then he 
initiated a whole-class debate about the influence of environment on intellectual 
achievements. He introduced a metacognitive reflection: “We are discussing a defi-
nition that is in textbooks and sometimes is not understood: the phenotype is the 
result of the interactions genotype-environment.”

Task 4 The doughnuts analogy: This task was reduced to a part of the last session 
in both cases. The students brought doughnuts that they had baked. The main dif-
ference was that at the end of the session Mr. Quiroga asked students again about 
the meaning of phenotype and solicited more examples; Mr. Val did not.

How Teachers Dealt with Biological Determinism

The teaching of gene-environment interactions and the process of students’ con-
struction of explanations about it, that is teacher-students joint productions, are 
analyzed in the section about students. It should be noted that the ways both teach-
ers addressed biological determinism were very different. Mr. Val highlighted the 
influence of environment in the phenotype, providing many examples. However, he 
never explicitly addressed biological determinism.

Mr. Quiroga explicitly addressed biological determinism in episode 6 of the first 
session. He mentioned social views about the genetic bases for alcoholism or 
aggressive behavior. He probed students about this issue, but at this stage he 
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refrained from making explicit his own views about gene-environment interactions. 
In task 3 he initiated a discussion about intelligence and its basis. Mr. Quiroga also 
made references to the influence of the environment in gene expression in all the 
other sessions. He followed up this issue along the sequence, making explicit the 
continuity of the different tasks and sessions.

Characterization of Didactical Contracts and Their  
Relevance for SSI-Based Education

For the purpose of characterizing the didactical contracts created in the classroom, an 
adaptation of Mortimer and Scott’s (2003) scheme was used. The scheme addressed 
two dimensions: the content knowledge including not only genetics but also scientific 
practices and the communicative approach. It is summarized in Table 12.5.

Table 12.5 Summary of the analysis of the classrooms joint productions in session 1

Mr. Val Mr. Quiroga

Content knowledge
Genetics
Conceptual load More concepts (14) Fewer concepts (7)
Progression of knowledge: how 

are concepts introduced
All concepts defined and 

explained by the teacher
Concepts developed through 

interactions
Genetics knowledge context Mainly scientific Combination of scientific  

and everyday contexts
Use of analogies – 2 (building drafts, music 

score)
Use of examples Teacher provided 17 

examples
Teacher asked students for 

examples

Scientific practices  
(sessions 2 to 5)

–  Students’ lack of 
experience in scientific 
practices

–  Students’ previous 
experience in inquiry

–  No references to the role 
of evidence

–  References to the role  
of evidence

Communicative approach
 Questions posed to students N = 12 N = 65

Rhetorical 6  7
Application and extension 4 20
Evaluation 2 38

How the teacher took into 
account students’ answers

Teacher answered the 
questions for students; 
he did not change his 
discourse

Teacher developed students’ 
answers; he changed his 
discourse in some cases

Interaction patterns Less dialogic, less interactive More dialogic, more 
interactive

Teacher’s turns 31 86
Students’ turns 19 84
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Content Knowledge

As the reference knowledge, the content knowledge is composed of two strands: 
genetics and scientific practices. The first strand explores (a) the conceptual load, 
(b) how did genetics knowledge progress in session 1, (c) in which context, and 
(d) the use of analogies and examples. The second strand examines how the 
 development of scientific practices proceeded in other sessions.

As seen in Table 12.5, there were substantial differences between both 
 classrooms. Mr. Val explained more genetics concepts, all of them introduced by 
him. In contrast, Mr. Quiroga addressed fewer concepts, developing them in inter-
action with students, so the progression of knowledge took place through social 
discourse. Concerning the context of the explanations and the use of analogies and 
examples, Mr. Val focused on the scientific meaning of the genetics notions offer-
ing many examples. Mr. Quiroga connected these notions with real-life situations 
and asked students for examples. He used two analogies in order to clarify the 
model of gene expression and the relationships between genotype and phenotype.

The development of the scientific practice of using evidence is analyzed as a 
joint production of teacher and students (Tiberghien et al., 2009). Work on the 
tasks was influenced by students’ previous experiences in the classroom. Mr. 
Quiroga’s students had experience working in small groups, carrying out inquiry 
projects requiring them to collect and evaluate evidence, and participate in 
debates. In contrast, Mr. Val’s students did not have these experiences; therefore, 
the level of support required in the two contexts was different. Learning scien-
tific practices combines elements of practice and metaknowledge. Mr. Quiroga 
explicitly framed the tasks in scientific practices and the use of evidence, for 
instance, in task 3.

Communicative Approach

The analysis, focusing on session 1, attended to three interrelated aspects, (a) the 
type and number of teacher questions; (b) how the teachers account for students’ 
answers; and (c) the interaction patterns. There were differences in the number and 
type of questions: Mr. Quiroga asked five times more questions than Mr. Val, and 
most of them were either evaluation or application and extension questions. Half of 
the questions posed by Mr. Val were rhetorical or confirmation questions that did 
not require elaboration from the students.

There were even greater differences in how the teachers reacted to students’ 
answers: Mr. Val gave very little time for students’ responses; on five occasions he 
answered his own questions, and in the others he did not develop on students’ 
answers, solicit extended explanations, or explore their meaning. Mr. Quiroga 
developed students’ answers, taking some time to discuss them. While Mr. Val’s 
discourse did not experience any change due to interactions with students,  
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Mr. Quiroga modified his explanations when he detected problems, as for instance 
when the students were not able to give an example of genes not being expressed 
in the phenotype. He then presented a second analogy, a music score, which was 
more successful.

Concerning the interaction patterns, Mr. Quiroga interacted more with students 
as seen in the number of students’ turns, 84, while Mr. Val did not provide many 
chances for students to participate: there were 19 students’ turns in session 1. A 
second aspect in the interaction patterns is whether the approach is dialogic or not. 
According to Mortimer and Scott (2003) who draw from Bakhtin, what makes talk 
functionally dialogic is the fact that more than one point of view is represented and 
ideas are developed, even when this talk is produced by an individual. It is in this 
sense that Mr. Quiroga’s approach was more dialogic because he took into account 
students’ answers to carry out the lesson. An example is presented in the following 
excerpt that was taken from episode 3 after the introduction of the music score 
analogy and the question about what influences gene expression. Mr. Quiroga 
presented the example of a plant that could reach 8 m, but not in an inadequate 
environment:

Mr. Quiroga: If I would plant it there: What would happen?
Students: It would not grow.
Mr. Quiroga: It would never grow up to eight meters. Why not?
Students: Because of the environment.
Mr. Quiroga:  Because the environment does not allow it […] Look, give me 

another example about plants, animals or people.
Cristina:  Someone who is prepared to be muscular, but for instance is born 

in an underdeveloped country.
Mr. Quiroga: When there is not enough to eat…
Cristina: … is not going to develop the musculature.
Mr. Quiroga:  A good example. The environment, in this case not enough food to 

eat, is preventing the development of the amount of proteins that 
was planned in his or her genes. Good. Another example? One that 
is not about humans.

In this instance, the teacher built on students’ answers to develop the target 
 concepts. We can summarize the classroom discourse patterns in this first session, 
by saying that in the case of Mr. Val it consisted of detailed explanations inter-
rupted by short question-answer exchanges. The teacher retained the responsibility 
of the progress of knowledge; he was more concerned about students’ understand-
ing of the meaning of genetics notions than about engaging them in its construc-
tion. In the case of Mr. Quiroga, there was little time devoted to the teacher 
lecturing and students listening. The students participated in the definition of each 
concept and discussed its meaning with the teacher. The teacher modified his dis-
course when he perceived problems in understanding or applying it, as seen with 
the first analogy. The progression of knowledge took place through interactive 
processes between teacher and students. The task of knowledge construction was 
shared with the students.
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Didactical Contracts

As a consequence of these differences, the didactical contracts were very different 
in the two classes. The didactical contract is the set of teacher behaviors that are 
expected by students and vice-versa. As Sensevy (2007) points out, this notion 
positions educational actions as essentially communicative because the actions are 
grounded in students’ interpretation of the situation.

We interpret that, in Mr. Val’s case, the students expected the teacher to explain 
without being interrupted, and sometimes they did not even attempt to answer his 
questions. They seemed to perceive their own role as one of reproducing the notions 
and examples presented rather than one of producing new examples or applying the 
concepts. For instance, when asked about phenotype examples, they offered the 
same ones presented by the teacher. In Mr. Quiroga’s case, the students expected 
the teacher to interact with them. They answered all the questions posed, sometimes 
with errors or advancing inadequate examples. The students did not exhibit appre-
hension in the expression of ideas even when those ideas were contradictory to their 
teacher’s comments. When asked about examples, they knew that they were 
expected to produce new ones and to apply the concepts, as the teacher explicitly 
said, in a reflection reproduced above, and they attempted to do so.

The analysis of the development of the tasks in sessions 2, 3, 4, and 5 shows 
differences in the systems of norms in each classroom: Mr. Quiroga’s students 
perceived their roles to include work in small groups, discussions of different pieces 
of evidence, and participation in debate. By contrast, for Mr. Val’s students these 
types of tasks seemed not to be part of what they were expected to do, so they asked 
for clarification more times and required more guidance.

The Relevance of Different Didactical Contracts  
for SSI-Based Education

In this section we have examined how different the taught knowledge, the 
 instructional approaches, and the didactical contracts can be in two classrooms 
working with the same teaching sequence and using the same textbook. The ques-
tion now is: What is the relevance of these differences for SSI-based education? In 
particular: Are these differences significant for the goals of supporting students in 
(a) building arguments about the influence of environment in gene expression, and 
(b) the development of a critical stance toward biological determinism?

In order to answer it in full, it is necessary to analyze how students used the knowl-
edge in making sense of the tasks, which is the focus of the next section. However, 
drawing from what has been discussed so far, we suggest that the differences have 
significance for teaching socio-scientific issues in three interrelated dimensions:

 1. Students’ autonomy and empowerment: Goals of SSI-based education include 
taking an active role to solve controversies, or developing an independent opinion. 
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As Tiberghien (2008) points out, when introducing SSI in the classroom, we are 
concerned both with scientific literacy and with citizenship education. In this sense, 
we interpret that the didactical contract created in Mr. Quiroga’s classroom pro-
moted development of students’ autonomy to a higher degree. The students’ 
expectations about their own role were to participate in the discourse, to advance 
their own opinions, and to express their ideas. Developing an opinion and the 
capacity to participate in society requires having the opportunity to make public 
positions, to discuss them with others, and to evaluate the evidence  supporting 
them. The students in Mr. Val’s classroom had few opportunities to do so.

 2. Students’ construction of meanings about the topics discussed: SSI have social 
relevance but are also scientific in nature. In order to criticize determinist views, 
students need to understand causal explanations about phenotypic traits, the influ-
ence of the environment in gene expression, and its implications for human perfor-
mances. This may require conceptual change, modification or refinement of their 
previous ideas. For this purpose, it is necessary that students’ ideas be elicited and 
that, when made public, the teacher takes them into account. In this dimension, Mr. 
Quiroga’s approach was more aligned with strategies seeking to promote students’ 
construction of their own meanings. He developed ideas suggested in students’ 
answers and changed his discourse, when needed, to address them. In his class-
room, work in small groups provided a context for developing and applying ideas. 
In Mr. Val’s classroom the discourse was dominated by the teacher.

 3. Students’ acknowledgment of the existence of two views with different social 
implications: Working with SSI in the classroom involves, in many cases, sup-
porting students in the acknowledgment of the existence of two positions on a 
dilemma, two different courses of action, and two views about one issue. In the 
case explored in this paper, biological determinism and gene-environment inter-
action are opposing views with divergent social implications. For students, it may 
not seem contradictory to learn that environment influences gene expression while 
retaining a view explaining all traits and performances as a consequence of geno-
type. We suggest that, in order to support this acknowledgement, the opposing 
views should be explicitly addressed in the classroom. In our case, this means 
talking explicitly about biological determinism. Only Mr. Quiroga did so.

In summary, we interpret that Mr. Quiroga’s didactical contract was more adequate 
for the specific goals related to teaching about one issue with social implications.

Students’ Construction of Explanations Acknowledging  
Gene-Environment Interaction

The third objective of our study was to examine difficulties students had with 
the construction of explanations acknowledging gene-environment interactions. 
We sought to document the meanings that students gave to phenotype and to the 
model of interaction taught in the sequence and the difficulties encountered in 
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the application of this model to real life contexts. For this purpose, we examine 
here (a) students’ difficulties evidenced during the introduction of the influence of 
environment on gene expression in the first session; (b) students’ application of 
this knowledge to explanations about human performances, like athletics in task 2; 
(c) the written results of a retest administered 5 months after. We focus on the 
students of cases 2 (small groups 2F, 2G, 2H, 2I) taught by Mr. Val and 3 (small 
groups 3A, 3B, 3C, 3D, 3E) taught by Mr. Quiroga.

Discursive Moves and Obstacles in Gene-Environment 
Interactions in Session 1

The analysis of teacher-students interactions in the context of the introduction of 
the influence of environment on gene expression (episode 3 in session 1) showed 
quantitative and qualitative differences. In Mr. Val’s case, the input from students 
was minimal: six turns of speech out of 17. In Mr. Quiroga’s case, about half (36) 
of the 73 speech turns corresponded to the students.

In the case of Mr. Val’s classroom, episode 3 can be divided into three teacher 
discursive moves following the pattern definition – explanation – application. First, 
he defined genotype emphasizing heritability and summarized the differences with 
phenotypes and provided an example (Drosophila). The second move, explanation, 
began with Mr. Val showing students two photographs of a well-known Spanish 
politician before and after a period of physical training and asked students whether 
his genes had changed. After they answered “no,” he stated that His genotype did 
not change, but his appearance, his phenotype, did change. Mr. Val posed a second 
question: Could the phenotype change without changes in the genotype? This con-
firmation question was answered with a simple “yes,” and the teacher extended the 
notion himself, explaining the influence of environment in the expression of genes 
and offered six examples, two of which are presented here: the lack of vitamin D 
as a causal mechanism for rickets, and the effects of temperature of incubation on 
the sex of crocodile hatchlings. In the third move, Mr. Val asked students about 
other cases of environmental influence, and four students provided examples 
including obesity and tanning.

Mr. Quiroga and his students engaged in an extended dialog, which can be divided 
into four discursive moves, which revealed students’ difficulties, summarized in 
Fig. 12.3. The teacher began the first move, definition, by asking students about phe-
notype. One of the students suggested that phenotype is “what is manifested.” Mr. 
Quiroga followed up with this idea and extended the discussion by asking students 
about differences between genotype and phenotype. A second  student proposed eye 
color as an example of phenotype “because it is what comes out outside, in our 
physic.” We interpret these statements (and others during task 2) as representative of 
understandings of genotype–phenotype relationships as making visible or external 
(“coming out outside”) what is invisible and internal (“in the cells”). This is associ-
ated with a notion of the genes as entities whose expression is fixed, not modulated.
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The second move, intended to support construction of an explanation about 
environmental influences, began when the teacher asked if the genotype is 
always manifested or expressed in the phenotype. Although the students 
answered “no,” their examples (eye color and recessive diseases) it was clear 
that the only mechanism they could postulate for the nonexpression of a gene 
was through a recessive allele. They framed the teacher’s question in terms 
of dominant (expressed) versus recessive (not expressed) alleles. Although 
Mr. Quiroga clarified that the genotype would be constituted by both alleles, 
they continued giving this type of examples. We interpret that the students gave 
to “manifested” or “exhibited” the meaning of “dominant” because it corre-
sponds to Mendelian genetics notions.

When Mr. Quiroga saw that the students did not understand his question, he 
began a third move, using his first analogy: the coincidence or lack of coincidence 
between the building drafts of a school and the actual school. He asked about pos-
sible reasons for the discrepancies, encouraging students to establish correspon-
dence between source and target: So, which one is genotype and which one 
phenotype? He solicited examples from biology, to which students offered muta-
tion, and again the presence of two alleles (blue and brown) in a genome. Extending 

Fig. 12.3 Discursive moves and obstacles about the model of gene-environment interactions in 
Mr. Quiroga’s classroom (G Genotype, P Phenotype)
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his analogy, he said that in a building draft there could be a room painted brown 
over a previous blue color: What I am saying is something that was in the draft but 
then is not coming out. We interpret these difficulties to apply the concept of 
 phenotype to a simple, straightforward causal correspondence where one cause 
produces one given outcome (1), as opposed to the notion of gene-environment 
interactions, which is more complex in that one causal factor may produce multiple 
outcomes (2) (see Fig. 12.4).

The awareness of these difficulties led to a fourth move, introduced by a 
 metacognitive reflection by the teacher: See, this is an instance about how you 
can clearly define a concept, but you don’t understand it. Because until you 
are able to give me an example, it means that you have not internalized the 
concept. It is not the same to memorize it than to understand it. Mr. Quiroga 
then presented a second analogy, a music score. He asked whether the sound 
would be the same if a music score was played by different people. This sec-
ond analogy was more successful, and then he arrived at the episode’s central 
question: What is this (factor), which has influence and is not in the genes? 
After the students answered “environment,” Mr. Quiroga offered one example 
of how plants would not reach its regular height in inadequate conditions and 
asked students for other examples. Interestingly, the first suggested by Cristina 
was: Someone who is prepared to be muscular, but for instance is born in an 
underdeveloped country. Some turns of this episode were reproduced in the 
previous section.

From the analysis of this session, three interrelated problems emerged: (a) an 
understanding of a genotype being expressed as simply “coming out”; (b) a confu-
sion between “expressed” and “dominant”; and (c) a simple causal correspondence, 
one cause – only one possible effect. Perhaps Mr. Val’s students had similar prob-
lems, but there were not enough opportunities for them to become apparent. The 
analysis of the subsequent sessions, particularly when students were discussing the 
tasks in small groups, shed light on how in some cases the students overcame these 
problems, while in others the difficulties persisted.

Fig. 12.4 Two models of causal correspondence between genotype (G) and phenotype (P)
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Explanations About Human Performances in Task 2 “Athletics”

As discussed above, in the description of the teaching sequence, the “Athletics” task 
asked small groups of students to align eight different sets of information with one 
of three explanations for the achievements of black sprinters: (A) genes; (B) influ-
ence of factors as food or training; (C) a combination of A and B. After considering 
the information, students were asked to select one of the options. It was expected 
(a) that students would recognize some pieces of evidence as supporting the influ-
ence of genes, for instance the R allele of the ACTN3 gene in chromosome 11, 
related to fast twitch fibers; (b) that they would recognize other pieces as supporting 
the influence of environment, such as a table showing race and place of origin for 
recent medal winners. We distributed the explanations of the nine small groups 
(noting students with diverging positions) into three categories or stages in the 
acknowledgment of gene-environment interactions.

Category 1. Genes Are Solely Responsible for the Performances

Two groups, 2H and 2I did not progress beyond this stage in task 2. Group H2 was 
composed of five students. Although two of them, Hilario and Henrique, mentioned 
environmental influences at the beginning of the exchange, Hector and Hugo 
 dominated the debate:

Hugo:  Is this one [option A, genes], I believe, because it says that all of 
them [Olympic medalists] are blacks, but not all were born in the 
same country. They may be from the US, from England.

Hector: It doesn’t matter, as they have the genes of blacks…
Hugo:  Blacks are better than whites because it doesn’t matter where they 

were born; they always will arrive first.
Hilario:  I believe that being black does help, but it also depends on where do 

you train because it is not the same to train in Africa than in the US.
Hector:  Training sometimes does not [influence], because it may be the case 

that Usain Bolt runs without training and he wins as well.
Researcher: And why it is so?
Hector: (…) It is because of the genes, Usain Bolt’s genes.

Group 2I was composed of four students, with two of them, Iolanda and Irma, 
dominating the debate and the other two speaking very little. The idea of environ-
mental influences was mentioned, but the group ultimately settled on the genes-
only explanation.

Irma: It is A, the genes.
Iolanda: And they are all born in the region of… out of Africa, in the US.
Researcher: And, what does that mean for you?
Iolanda: That they are not from Africa!
Isabel: That… it has to do also with climate.
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Iolanda: That it has nothing to do with climate! It has to do with genes!
Alba: Why are all of them black and why does not win a white?
Irma:  Because they have it in their genes! And whites do have other genes!

Hugo and Iolanda interpreted the information of the table about Olympic  medalists, 
not as a conspicuous absence of African-trained athletes (although the teacher high-
lighted this absence at the beginning of the task), but as evidence for the preemi-
nence of genes over environment, “it doesn’t matter where they were born.” Hector 
in group 2H as well as Irma and Iolanda attributed the performances only to genes. 
We suggest that these problems are related to three issues: (a) to social representa-
tions about deep genetic differences between blacks and whites; (b) to a confirma-
tion bias, in which individuals attend only to aspects of available information that 
supports a particular hypothesis; (c) to a greater difficulty in perceiving something 
missing (black sprinters from Africa) than something added (Jiménez-Aleixandre 
& Pereiro, 2002); (d) to difficulties in making sense of  information presented, for 
instance, some  students did not identify the country where an athlete was raised/
trained as an environmental factor.

Category 2. Genes and Environment Influence Separately,  
but Genes are More Relevant

Two groups, 3A and 3C recognized that environment has an influence, but they 
treated genes and environment as separate factors with genes dominating over envi-
ronment. One excerpt from group 3C, composed of five students, illustrates this 
type of explanation.

Roi:  I think that it is A [genes]. Because a white may train too, whites eat too, 
man. Then it has to be because of genes […]

Bernal: But on this ground [the information], then, I don’t know…
Roi: It means that on equal terms, blacks are better.
Rosendo:  I think that it is A because on equal terms black people are very superior 

to white people, and this is due to their genes, because food and environ-
ment could be made equal both for blacks and whites, so the only 
remaining difference would be the genes.

Bernal: Yes, I agree.
Roi: It has to do with genes.
Cristina: And, how do you know that the food is the same?
Roi:  Look, if they are going to compete, they would strive to eat as best as 

they can.

It seems that for these students environmental circumstances, food or training, may 
be modulated, modified, and “made equal.” On the other hand they neither accept 
a modulation in gene expression, nor the existence of unequal environmental cir-
cumstances that may modify performances. For them genes and environment seem 
to have different status.
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Category 3. Combined Influence of Genes and Environment

Five groups, 3B, 3D, 3E, 2F, and 2G, acknowledged the combined influence of 
genes and environment in their explanation, although they arrived at this conclu-
sion through different processes. Groups 3B and 3E derived their explanation 
from data while groups 3D, 2F, and 2G chose an explanation before discussing 
the significance of each piece of information. This is demonstrated in the excerpt 
below from group 3E:

Roman:  It has to be both [genes and environment], because here [Olympic med-
alists] it talks about their nations, US, US, Jamaica… And that is envi-
ronment! Because of the place where they are raised. Besides, it is also 
genetics, because their skin color is black, black, black. And they are all 
trained in English-speaking countries, except the Jamaican one and that 
is environment.

Ernesto:  I believe that it is both. Yes, because even if you are very good, you need 
to eat and to train.

Estrela:  Besides, they all are in locations where everybody can work and to 
develop that…

Rexina: Look, I think that it is [option] C.

In this group, students accept the role of genes, and they also identify the relevance 
of the environment particularly in terms of diet and training, using the data from the 
table as evidence to support their choice.

In summary, not all small groups progressed to the stage of acknowledging the 
influences of both genes and environment in their explanations. In two groups, both 
from Mr. Val’s class, the predominant discourse was an attribution to genetics as 
the only determinant on athletic performance. Two other groups, from Mr. Quiroga’s, 
class recognized the role of environment, but saw it as subordinate to genes. Five 
groups, three taught by Mr. Quiroga, and two by Mr. Val, arrived at a combined 
explanation, although they did not express it in terms of interaction. The small 
number of groups prevents any generalization; however, the fact that both groups 
that selected the gene-only explanation came from the same class may support a 
link between this outcome and the teaching approach. In this class, students had 
few opportunities to develop their ideas and there was no explicit discussion of 
determinist views.

The analysis of the oral discussions about task 3, “Watson” which asked students 
to evaluate a claim about differences in intelligence among races showed that almost 
all groups maintained positions coherent with their explanations in task 2. All expla-
nations and student statements acknowledged the role of environment in intelligence, 
except those from group 2H, which claimed that intelligence depended only on geno-
type. When asked to justify that claim, Henrique said, “You are born with a capacity,” 
and Helena added “You may do as much as you can, but you cannot develop it more 
than what you have.” It seems that Henrique changed her position, which, in task 2, 
acknowledged the influence of environment. This may be related to the group leader-
ship by Hugo and Hector who strongly supported the genetics-only option.



23312 Different Music to the Same Score

Written Results of a Retlest

Five months after the completion of the unit, at the end of the school term, a 
 question about identical twins raised in different countries was included in a final 
written test. The item asked whether at 16 both twins would have similar or 
 different height and muscles and would develop similar or different reading and 
mathematical skills (see Table 12.6).

All students but one in both classes acknowledged the influence of environment 
in physical traits, as well as in intellectual achievements. However, only four of 
them integrated both genotype and environment in their responses, for instance:

Braulio (3D): No [it would not be the same], because departing from the same genotype it 
would not be equally developed in favorable conditions than in precarious circumstances.  
They would not be identical because their phenotype is different; in B [raised in a devel-
oped nation] it could be developed optimally and in A [raised in an underdeveloped nation] 
would be limited.

The majority of students acknowledged the influence of environment, but did not 
mention genes or genotype. We interpret that they took for granted the role of 
genes, as the question was about identical twins. There was only one student, 
Camilo (3A), who had supported in all the tasks the notion that only genotype 
 mattered, and continued supporting it:

Camilo: The physical traits would be the same for A and B, because environmental condi-
tions cannot alter their genes.

In summary, it seems that all students but one took into account environment in 
their explanations. This may suggest that the teaching sequence was successful in 
both classes in overcoming initial explanations that in some cases were close to 
determinism. However, we also need to consider that the academic context, a final 
examination, may prompt some students to give the answer that they believed that 
the teacher expected.

Discussion and Implications

Most topics in genetics are difficult for students, but some of them have received 
greater attention in the literature. Our work seeks to add to this knowledge about 
genetics teaching and learning an examination of the challenges posed by the model 
of gene expression, in particular, the interactions between genotype and environment, 

Table 12.6 Categories in the answer to the retest

Categories Case 2 (N = 15) Case 3 (N = 31)

3. Gene-environment interaction 1 3
2. Influence of environment 14 27
1. Genes only – 1
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resulting in the phenotype traits. This model has social implications as biological 
determinism ignores environmental influences presenting human traits and perfor-
mances as solely determined by genes, a view lending support to political agendas 
that challenge notions of equity.

This chapter presents a developmental study in five classrooms, framed in 
Chevallard’s (1991) notion of didactical transposition, or transformation from 
 reference to taught knowledge. First we discussed the process of transformation of 
the reference knowledge, including genetics and scientific practices, into the 
 knowledge to be taught. This transformation draws from goals related to science 
and to citizenship education, and from an analysis of textbooks, revealing little 
attention to the application of the model. Second, we analyzed how this designed 
sequence was transformed in two different types of taught knowledge in two class-
rooms. Third, we examined the process of construction by students of explanations 
taking into account gene-environment interaction.

The analysis of the taught knowledge is characterized through the notion of 
didactical contract (Brousseau, 1998), students’ expectations about the teacher and 
teacher’s expectations about the students. The examination of several dimensions, 
collapsed in content knowledge and communicative approach, showed substantial 
differences between the didactical contracts in both classrooms. In the case of  
Mr. Val’s class, students expected the teacher to be in charge and lecture, and they 
perceived their own role as one of reproduction. The students requested more guid-
ance when they were required to engage in modeling and using evidence because 
they usually were not expected to collaborate in group work. The expectations of 
the teacher seemed to be that the students would listen to him and respond “yes” or 
“no” to his questions. On the other hand, he is a good professional, holding 
 students’ attention all the time, and providing a structured explanation.

The case of Mr. Quiroga was different, both in content knowledge, as he was 
guiding the concept development trough interactions and in the communicative 
approach which was more dialogic and interactive than Mr. Val. A relevant dimen-
sion is how he took into account students’ answers, changing his discourse in reac-
tion to students’ problems with the notion of phenotype. He expected students to 
participate and the students’ expectations were to be engaged in all the textualiza-
tion moves: they defined concepts, explained their meaning, and tried to apply 
them, although not without difficulties. They seemed to feel comfortable openly 
expressing ideas even when those ideas contradicted the teacher because there were 
no negative academic consequences when they said something wrong.

An important question is the relevance of the two different teaching approaches 
for the goals of SSI-based education. We suggest that didactical contracts like the 
one Mr. Quiroga created in his classroom may support (a) students’ autonomy and 
the development of independent opinions; (b) students’ acknowledgment of the 
existence of two views with different social implications; and (c) the construction 
of appropriate meanings for the conceptual topic underlying the SSI. While the two 
first dimensions are common to all or most SSI, our topic, biological determinism, 
may be different in requiring mastering the model of gene expression. However, we 
believe that most SSI also require a deep understanding of the concepts involved 
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and, for this purpose, engaging students in active participation is an important fea-
ture of teaching.

The analysis of discourse in both classrooms enabled identification of student 
difficulties. These difficulties included meaning construction for phenotype and 
application of this concept to real life contexts. The discursive moves used by  
Mr. Quiroga and his students illustrated both the students’ difficulties for 
 constructing appropriate meaning about one notion (that genotype can be 
 sometimes expressed in different ways due to environmental factors) and the 
changes introduced by the teacher in his discourse for overcoming them. We inter-
pret that these difficulties, and the students’ confusion between “not manifested 
genotype” and “recessive alleles,” are related to the fact that the linear causal cor-
respondence, G1–P1, is more intuitive than the idea of a complex correspondence 
where one genotype may yield several potential phenotypes, G1– P1 or P2, or… 
Pn. This may be related to epistemological assumptions about causal mechanisms 
and to difficulties in accepting uncertainty. The findings suggest that this complex 
question needs to be taught through application in different settings and that a 
simple lecture is not sufficient.

These epistemological assumptions may be the reason why the first analogy 
(building drafts) was not successful, as usually there is only one building corre-
sponding to one draft. The second analogy, music score, helped students to under-
stand and apply the notion, probably because they saw that a score could be played 
differently by different people. This may suggest features for successful analogies 
when teaching this issue.

The analysis of small group discussions during completion of tasks revealed 
variance in the application of the notion of interplay among genes and environment 
to a real context. Five groups acknowledged that both genes and environment had 
an influence on performances, but for two other groups genes would dominate over 
environmental influence. The remaining two groups (as well as some individual 
students, disagreeing with their group) accepted only the effect of genes, a position 
that closely approximates biological determinism. We suggest that these difficulties 
may be related to social representations that assume deep genetic differences 
between blacks and whites, as well as to a high status of genetics in the social 
imagery. Genetics is equated to “scientific”; therefore, the influence of genes is not 
to be doubted.

The initial design of the teaching sequence contained more time and tasks 
related to the use of evidence. It is a complex scientific practice that scarcely could 
be developed in a few sessions. The students’ difficulties with the Athletics task 
points to the need to devote more sessions to engage students in selecting and using 
evidence. Educational authorities, in Spain and elsewhere, need to be aware that 
introducing recommendations about argumentation and use of evidence in the 
 curriculum is not enough when teachers have too much content to be covered.

A final remark concerns the potential utility of didactical transposition and 
didactical contract to frame analysis of teaching sequences and teachers’ actions. 
It is important to make public the goals and decisions underlying particular tasks 
and activities. To reflect about how reference knowledge is transformed in a 
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 teaching sequence may help teachers to decide which issues need more time and 
emphasis. An instance could be the scientific practices of modeling and using 
evidence, which make part of the reference knowledge in this sequence. Didactical 
contracts  conceive educational actions as essentially communicative, and in this 
sense are aligned with current attention to communication in the classrooms and 
to the  development of the scientific practice of knowledge communication.
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Critical Theory

Sadler: I am very interested in the author’s application of critical theory to the 
teaching and learning of SSI. My work tends not to be guided by this perspective; 
not because I do not see value in critical theory and pedagogy but rather because a 
critical perspective raises certain issues with which I struggle to deal. I hope the 
authors can discuss ways that they deal with or conceptualize some of these issues. 
I want to frame this discussion by highlighting two quotes from the chapter:

We think that understanding the model of expression is a necessary but not sufficient condi-
tion to evaluate determinist claims and that students need to develop critical thinking. In 
our characterization of critical thinking (Jiménez-Aleixandre & Puig, in press), there is a 
component related to social emancipation and the capacity to develop your own opinion as 
opposed sometimes to the mainstream ideas of a community or society. (p. 5)

Therefore, this sequence has three goals for students, two related to science education 
and the third to citizenship: 1) to be able to apply the model of gene expression to real life 
contexts; 2) to develop the competency of using evidence and building arguments; and 3) 
to be able to develop a critical stance toward biological determinism. (p. 9)

I think the goal of helping learners to engage in reasoning related to important, 
socially relevant issues and to develop their own opinions is at the heart of SSI based 
education. But what if these efforts result in development of nonemancipatory think-
ing? The authors presented cases in which biological determinism has been used to 
reify conservative political ideologies. Despite the intention of curriculum designers 
and teachers, is it not possible for students learning through SSI to gravitate toward 
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conservative ideologies rather than more liberal ideas? The fact that James Watson 
adopts a biological determinist view is particularly problematic for SSI approaches 
that prioritize science content knowledge and maintains a goal of promoting critical 
perspectives. This clearly represents a case which illustrates that knowledge of sci-
ence is not enough to guarantee the adoption of progressive perspectives. Should 
SSI-based curriculum and instruction explicitly promote critical and progressive 
perspectives? If so, do such approaches run the risk of teaching a particular ideology 
rather than supporting learner development of their own ideas?

Barko: Knowledge of science is most definitely not enough to guarantee the devel-
opment of progressive perspectives. I think one of the problems is we assume, 
influenced by enlightenment positivism, that science is a form of knowledge gen-
eration that is essentially neutral and amoral. Science creates knowledge but makes 
no claim on the moral efficacy of that knowledge. Science creates nuclear bombs 
but provides no insight as to their use and distribution. It makes no statement as to 
whether we should have created them to begin with. To quote Richard Dawkins, 
“[b]e warned that if you wish, as I do, to build a society in which individuals coop-
erate generously and unselfishly towards a common good, you can expect little help 
from biological nature (Dawkins, 2009, p. 3).” The story of science, to Dawkins, 
oftentimes is not the story of generosity and altruism. He even states it is through 
education and not scientific practice per se where we should learn the ethics asso-
ciated with the common good. So science should not be burdened with politics. But 
I am willing to respectfully disagree with Dawkins. I believe science cannot be 
disassociated with politics. As long as humans practice science, science will be 
partially political. What becomes problematic is when we assume it is not value-
laden and take the stance that scientists often do, where they say “we’ll do the science” 
and then point to the philosophers, educators, and policy makers and continue “you 
do the ethics.” In order to approach science with a critical theory perspective we 
must assume science is “burdened” by politics, but in so doing, we must also 
acknowledge the inherent political assumptions of critical theory, that in doing 
science from a critical theory perspective we too are using science to support specific 
political agendas, that the finger too, can be pointed back at us.

Jiménez-Aleixandre: We are still struggling to integrate critical theory as a part of 
our approach to teaching and learning. As Troy points out, there are always two 
risks: the first is that bringing these issues into the classroom could result in the 
development of positions supporting inequality. The second is teaching a particular 
ideology rather than supporting students’ development of their own independent 
thinking. Our approach to these risks is to reveal or uncover positions that are not 
grounded in science but rather in prejudice. In the case of Watson’s position, we 
would argue that the claim advanced is based on racism. Of course there are stu-
dents who may share these determinist views, but our data in these five classrooms 
do not suggest that they develop them as a result of explicitly discussing biological 
determinism. Based on the data presented in this case study, we suggest that the 
teaching sequence helped make implicit views explicit, develop understanding of 
the consequences of these positions, and encourage students to reflect on the coher-
ence of their positions and scientific data. The expectation is that reflection about 
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determinist explanations (contrasted with other views based in gene-environment 
interaction) may support students in developing a more sophisticated view.

In terms of the second risk, teaching a particular ideology, Simonneaux (2008) 
offers an interesting discussion of this issue. We think that there is an important 
distinction in a teacher making explicit her or his position in cases that deal with 
equally respectable positions (for example, different options for waste management) 
and in cases when one of the positions violates human rights or constitutional values. 
In the case of the two teachers in this study, we do not interpret that they made 
explicit their position against racism while teaching, but certainly Mr. Quiroga 
addressed biological determinism in such a way as to make it clear implicitly.

Gene Expression

Barko: As a former graduate student in Zoology, studying bioinformatics and 
molecular systematics, gene expression was one of the more difficult concepts that 
I dealt with on a regular basis. It was difficult to learn and difficult to teach and 
explain. Part of this problem is our understanding of gene expression has been in a 
constant state of transformation since Mendel’s work was rediscovered by 
Hugo DeVeries and the early twentieth century genetic pioneers. Our notions of 
gene expression are still in a state of flux. I remember originally learning that one 
gene equaled one trait. This was always confusing because “traits” never made 
sense to me, particularly when concepts such as genotype and phenotype were 
introduced. Which one was the “trait,” the genotype or the phenotype? Later, in my 
education, the relation became one gene codes for one protein. Then it became one 
gene codes for one peptide. Now we are not even sure the one gene one polypeptide 
correspondence holds. A recent article in the journal Heredity (Johnson & Tricker, 
2010) discussed the role of epigenetics in regulating gene expression. We are find-
ing that not all genetic variance comes from the DNA sequences that code for genes 
(or polypeptides). Changes in chromosome structure can alter gene expression 
without actually altering the DNA sequence of any one gene. The classic example 
is methylation where simple methyl groups are added to specific regions of the 
chromosome to regulate expression of certain genes. These methylation patterns 
are in fact heritable and are often known as maternal effects. The embryo inherits 
certain noncoded proteins and RNA from the mother and this directly affects the 
expression of genes. The child may have a different genotype from the mother, but 
because of the maternal effects, the child displays the same phenotype as the 
mother. That is, it is not always a gene that codes for a trait. Johnson and Tricker 
make an argument that these epigenetic traits are responsible for much of the plas-
ticity we see in the human genome. So, gene expression is anything but clear cut. 
When we begin to talk about something as simple as the expression of eye color we 
must take into account not just our genetics but also our environment and even the 
epigenetic factors that predict gene-by-environment influences. Expression is a 
highly complex and plastic mechanism. My intention is not to give an object lesson 
in gene expression, but to further emphasize the difficulty of the subject matter. 
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This is a topic that is not always understood on the first pass or even second and 
third. I have been at it most of my adult life and still struggle with it. In fact, with 
the pace of modern genomic and genetic sciences, it is most likely that any notion 
of gene expression will have to be renegotiated. It is this very complexity that 
makes Puig and Jimenez-Aleixandre’s article so compelling. The SSI perspective 
begins to look at how gene expression has intersected with social and political ide-
ologies. We begin to see what influence this intersection has on how we view our 
own potential, whether we see ourselves as plastic and free or fatalistic and deter-
mined. Different environments can lead to different gene expressions from the same 
DNA sequences. Actual geneticists still struggle with the models of gene expres-
sion; no wonder it is such a difficult subject to teach.

Jiménez-Aleixandre: Certainly, as Tim points out, gene expression is an exceed-
ingly difficult topic. That also happens with other genetics topics that are part of the 
curricula. The problem is that curriculum designers, textbook writers, and some-
times teachers assume that they will be learned after a short lecture illustrated with 
one or a few examples. Research allows us to glimpse students’ difficulties and to 
think hard about how to face them.

Barko: These concepts rarely ever stick on the first pass and often a “one size fits 
all” mentality can and will obscure the ongoing processes of learning. When we 
look at something like SSI, we begin to see a process that “builds to suit.” This 
more flexible process is more likely to engage students and create opportunities for 
them to access ideas in multiple ways. It promotes more critical reflection and less 
“memorize and repeat” formulas for understanding.

Didactic Transposition

Simon: In this chapter, I was particularly interested in the processes of design and 
enactment of the learning tasks and the authors’ use of didactic transposition which 
they define as:

the process of transformation of knowledge from one community, scientists (reference 
knowledge), to another, classrooms (taught knowledge)… there are two steps in the trans-
position: (1) from the reference knowledge to the knowledge to be taught and (2) from the 
knowledge to be taught to the taught knowledge. The knowledge to be taught consists of 
official curricula, textbooks, and other resources and the taught knowledge is related to the 
way a teacher enacts it in a particular classroom. (p. 4)

The authors’ use of the notion of didactical contract allows for a dynamic view of the 
relationship between teacher, students, and knowledge in that it takes into account not 
only the norms in the relationship that are established and lasting but also the changes 
in the relationship as new knowledge is introduced. Much of our understanding of the 
realization of didactical transposition in the study arises from the comparison between 
the cases and the didactical contract between each teacher and his students. Given the 
central role of the teacher in the didactical contract, the characteristics of the teachers 
are clearly influential on the nature of didactic transposition in terms of “taught 
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knowledge”; that is, how each teacher adapts the teaching sequence. For their analy-
sis, the authors chose two experienced teachers but each was situated in a different 
environment. It would be interesting to explore and compare these teachers’ personal 
beliefs and values, and how these might influence their enactment of the teaching 
sequence (Clarke & Hollingsworth, 2002).

In the comparison of the two cases, the authors draw on Mortimer and Scott’s 
(2003) communicative approach, showing the more dialogic nature of Mr Quiroga’s 
practice. The differences are clearly demonstrated in the examples of classroom 
discourse. I found the authors’ link between this analysis and the notion of didactical 
contract potentially useful as it opens up questions about students’ expectations 
when teachers adopt different communicative approaches. Such findings could be 
used to inform teachers on how their students respond to their practice and what 
kinds of expectations become embedded as norms. Such feedback can provide a 
stimulus for changing teachers’ views of what is important in their practice such as 
changes in how they view the consequences of their teaching. It is possible that these 
kinds of teacher changes can lead to more sustained pedagogical development.

The design of the teaching sequence is ‘top down,’ but clearly informed by theo-
retical considerations of the content, context, and the nature of knowledge transfor-
mation. However, our work, like this study, has shown the intricacies of how teachers 
interpret activity designs (Simon & Richardson, 2009). An analysis of the steps 
needed in the interpretation of designs, and a knowledge of teachers’ underlying 
goals and values, can inform us of ways in which to guide and enhance the experi-
ences provided for students through the enactment process.

Jiménez-Aleixandre: We think, with Shirley, that the didactical contract approach 
helps us in capturing the dynamic development of classrooms. We are sharing the 
results (in Galician) with the teachers, and certainly hope that this feedback may 
inform their professional development.
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School Science Curriculum Reform in Hong Kong

A series of reforms in science education in Hong Kong started at the turn of the 
twenty-first century. In line with international trends, science education in Hong 
Kong has undergone considerable changes in the last decade since the implementa-
tion of the revised junior secondary science curriculum (grades 7–9) (Curriculum 
Development Council [CDC], 1998). The new curriculum encourages teachers to 
conduct scientific investigations in their classes, advocates scientific investigation 
as a desired means of learning scientific knowledge, and highlights the develop-
ment of inquiry practices and generic skills such as collaboration and communica-
tion. Most importantly, it was the first local science curriculum that embraced 
understanding of nature of science (NOS), for example, being “able to appreciate 
and understand the evolutionary nature of scientific knowledge” (CDC, 1998, p. 3) 
was stated as one of its broad curriculum aims. In the first topic, “What is science?”, 
teachers are expected to discuss with students some features about science, for 
example, its scope and limitations, some typical features about scientific investiga-
tions, for example, fair testing, control of variables, predictions, hypothesis, infer-
ences, and conclusions. Such an emphasis on NOS was further supported in the 
revised secondary 4 and 5 (grade 10 and 11) physics, chemistry, and biology curricula 
(CDC, 2002). Scientific investigation continued to be an important component 
while the scope of NOS was slightly extended to include recognition of the use-
fulness and limitations of science as well as the interactions between science, 
technology, and society (STS).

In preparation for the implementation of a new curriculum structure (from a 
7-year secondary education system to a 6-year one) in September 2009, a new set 
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of Curriculum and Assessment Guides was devised for senior secondary level 
 science subjects (CDC-HKEAA, 2007). We note a further leap forward along the 
direction of earlier curriculum reforms in the curriculum and assessment guides. 
The importance of promoting students’ understanding of NOS is more explicitly 
spelt out. To put greater emphasis on environmental issues, students’ appreciation 
of STS is extended to STSE, where “E” stands for environment. For example, in the 
physics curriculum, students are expected to “appreciate and understand the nature 
of science in physics-related contexts,” “develop skills for making scientific inqui-
ries,” “be aware of the social, ethical, economic, environmental and technological 
implications of physics, and develop an attitude of responsible citizenship,” and 
“make informed decisions and judgments on physics-related issues” (CDC-
HKEAA, 2007, p. 4). There is a clear intention to develop students’ awareness and 
understanding of issues associated with the interconnections among science, tech-
nology, society, and the environment. A separate subsection entitled STSE connec-
tions is embedded in each science topic of the Curriculum and Assessment Guides. 
It suggests examples of issues that teachers could make use of in developing 
 students’ awareness and understanding of STSE connections. For example, in the 
topic mechanics, one of the issues suggested is a dilemma of choosing between 
convenience and environmental protection in modern transportation.

Preparing Teachers for the New Curriculum Goals

Based on the literature and our local context, we identified a host of problems and 
challenges we had to tackle in encouraging and training teachers to teach NOS. In 
particular, we have been cognizant of the disappointing conclusions that were 
consistently reached by various studies. That is, both students and science teachers 
have inadequate understanding of NOS (Lederman, 1992) and STSE (Rubba & 
Harkness, 1993). There is however emerging empirical evidence that can inform 
efforts to improve NOS and STSE understandings. Explicit and reflective 
approaches in teaching NOS can support learner development of sophisticated 
NOS ideas (Abd-El-Khalick & Lederman, 2000; Khishfe & Abd-El-Khalick, 
2002). Teachers with good understanding in NOS still face many constraints 
including concerns for student abilities and motivation (Abd-El-Khalick, Bell, & 
Lederman, 1998; Brickhouse & Bodner, 1992), lack of pedagogical skills in teach-
ing NOS (Schwartz & Lederman, 2002), and lack of teaching resources (Bianchini, 
Johnston, Oram, & Cavazos, 2003) particularly those in local contexts and lan-
guage (Tsai, 2001). Effective NOS teaching also depends on teachers’ belief in the 
importance of teaching NOS (Lederman, 1999; Tobin & McRobbie, 1997) and 
their conception of appropriate learning goals and teaching role (Bartholomew, 
Osborne, & Ratcliffe, 2004).

In addition to the problems identified above, Hong Kong teachers very rarely 
have experienced learning of NOS or STSE during their own schooling. Noting 
teachers’ inadequate NOS understanding and hence their lack of appreciation and 
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less than effective use of the NOS instructional materials, we then restructured 
our teacher training programs to allow more time on these aspects. For example, 
in early 2000s, we proposed the use of science stories, such as on the discovery 
of penicillin, the development of cowpox, Newton’s proposition of Law of 
Universal Gravitation, and the treatment of stomach ulcers (Tao, 2002), as a 
medium through which NOS could be introduced to students. However, due to the 
lack of both understanding of NOS and experience in learning and teaching NOS, 
many teachers made use of them only for arousing students’ interest. Hence, the 
availability of teaching resources would not by itself result in teachers’ learning 
of NOS and an effective teaching of NOS. Unless teachers had the ability to 
understand and appreciate the rationales behind the design of the instructional 
materials, it was likely that they would overlook or miss the targeted learning 
objectives (learning NOS features) and gravitate toward the parts which were 
more appealing to them (dramatic stories which promote students’ interest). Such 
a situation was reflected in the comment made by a junior science teacher who 
had been telling the interesting science stories to his students. He came to realize 
his oversight of not having made good use of the stories for teaching NOS after 
he attended our NOS training workshop:

I found the story on stomach ulcers very interesting….Marshall tested his hypothesis by 
trialling out himself….Students all enjoyed the story… I only realised now that there are 
deeper meanings behind the story and other important learning outcomes to be achieved 
through it and other stories.

We also reckoned that there were some inadequacies of these relatively “old” 
 stories. Teachers and students expressed that though these stories aroused their 
interests, they happened quite a while ago. Those who did not have the historical 
and cultural backgrounds of the scientific discoveries and inventions would fail to 
develop an in-depth understanding of, and hence appreciate, the thought processes 
of the scientists related to what they encountered at their time.

In summer 2003, when the crisis due to the Severe Acute Respiratory Syndrome 
(SARS) in Hong Kong was coming to an end, we saw a golden opportunity to turn 
the crisis into a set of meaningful instructional resources which might help address 
the issues raised above. The SARS incident was a unique experience that everyone 
in Hong Kong had lived through and the memories of which would stay for years 
to come. At the beginning of the outbreak, the causative agent was not known, the 
pattern of spread was not identified, mortality and morbidity seemed soaring, yet 
an effective treatment regimen was uncertain. It attracted the attention of the whole 
world as scientists worked indefatigably to understand the biology of the disease, 
develop new diagnostic tests, and design new treatments. Extensive media coverage 
kept people up-to-date on the latest development of scientific knowledge generated 
from the scientific inquiry about the disease. We believed that the incident would 
have much to reveal about NOS.

As anticipated we identified many interesting aspects of NOS based on our 
interviews with key scientists who played an active role in the SARS research, 
analysis of media reports, documentaries, and other literature published during 
and after the SARS epidemic. The SARS incident illustrated vividly some NOS 
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features advocated in the school science curriculum. They included the tentative 
nature of scientific knowledge, theory-laden observation and interpretation, multi-
plicity of approaches adopted in scientific inquiry, the inter-relationship between 
science and technology, and the nexus of science, politics, social, and cultural prac-
tices. The incident also provided some insights into a number of NOS features less 
emphasized in the school curriculum. These features included the need to combine 
and coordinate expertise in a number of scientific fields, the intense competition 
between research groups (suspended during the SARS crisis), the significance of 
affective issues relating to intellectual honesty, the courage to challenge authority, 
and the pressure of funding issues on the conduct of research.

The details on how we made use of the news reports and documentaries on 
SARS, together with episodes from the scientists’ interviews to explicitly teach the 
prominent features of NOS can be found in (Wong, Kwan, Hodson, & Yung, 2009). 
Since January 2005, we have been using the SARS story in the training of hundreds 
of preservice and in-service science teachers about NOS. The feedback has been 
encouraging. The SARS story was particularly successful in promoting teachers’ 
understanding of NOS in terms of (1) the realization of inseparable links between 
science and the social, cultural, and political environment, (2) deeper understanding 
of how science and technology impact on each other, and (3) a richer appreciation 
of the processes of authentic scientific inquiry and the humanistic character of sci-
entists. The effectiveness was mainly attributed to immediacy, relevance, and famil-
iarity of the SARS story which made the abstract tangible. Teachers’ personal 
experience of this unique piece of “history” of science and the powerful affective 
impact of the interviews with scientists also contributed to the favorable learning 
outcomes (Wong, Hodson, Kwan, & Yung, 2008).

The encouraging results of using the SARS story with teachers prompted us to 
produce NOS instructional materials that should also be grounded in the local con-
texts (and language) for school students. At the same time, we were fully aware that 
high quality curriculum materials do not automatically result in student learning. 
Such materials have to be mediated by teachers with necessary content knowledge, 
pedagogical skills, beliefs, and intention of meeting the curriculum goals 
(Bartholomew et al., 2004; Lumpe, Haney, & Czerniak 1998; Schwartz & 
Lederman, 2002). Thus, in September 2005, we embarked on a 2-year project 
which aimed to produce local NOS/STSE curriculum resources while preparing 
more teachers for NOS/STSE teaching. We also envisioned that the project was 
timely in view of the new science curricula to be implemented in 2009. Having 
made reference to the reminder by Hodson (2006) that,

[a]ction research offers the most likely route to such far reaching curriculum changes, com-
mitted teachers work together in mutually supportive groups to address the theoretical and 
practical issues surrounding the implementation of a learning about science curriculum and 
to develop suitable and effective curriculum resources. Curriculum materials need to have 
a “street credibility” that can only be gained when they are developed by teachers, for 
teachers. (p. 305)

we deliberately involved teachers at the beginning stages of the design process of 
instructional materials. More than 50 senior secondary science teachers worked 
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together with the university team members to develop 12 sets1 of teaching resources 
which integrate NOS knowledge with subject knowledge of the new senior secondary 
biology, chemistry, and physics curricula. Efforts were made to include as many 
local examples as possible. The topics included development of the Disneyland in 
Hong Kong, consumption of shark fins, an abridged version of the SARS story, etc. 
In doing so, teachers would be more ready to make use of the materials in their own 
classrooms. This was important for our project as we wanted to collect data to 
refine the teaching materials as well as provide opportunities for the teachers to 
learn how to teach NOS with the support of the university team members. In brief, 
the teacher development project comprised the following key components:

 1. A 6-h NOS session conducted by the first author using SARS and other contexts 
in illustrating various aspects of NOS.

 2. Workshops on refinement of NOS instructional materials drafted by the univer-
sity team members.

 3. Prelesson discussion with the university team member(s) on the main ideas and 
fine adjustment of the instructional materials to be tried out in the teacher’s own 
classroom.

 4. Teaching the lesson(s) using the instructional materials.
 5. Reviewing the lesson video and reflecting on the trial lesson(s).
 6. Meeting between the university team member(s) and the teacher to discuss 

critical incidents in the videotaped lesson (followed by written feedback from 
university team members) in preparation for a sharing session with other in-
service teachers joining this project (teacher members).

 7. Sharing of the trial-run experience with other in-service teachers of the project 
and receiving their comments.

 8. Dissemination seminar: Over 500 teachers from other schools in Hong Kong 
attended. Sharing of teaching materials and trial-run experiences with a wide 
audience.

Due to the limited financial and human resources, seven of the teacher partici-
pants went through all the above training components. The rest participated only in 
components (1), (2), (7), and (8). The development of the seven teachers in the 
understanding of NOS, the pedagogical skills in teaching NOS, and the intention to 
teach about NOS were probed at various stages of the project. These teachers found 
learning through a contextual approach, as what they did in the NOS workshop, 
very effective in promoting, enriching, and consolidating their NOS understanding. 
They also treasured both the training materials and some activities in the teaching 
resources that they tried out in their classroom as they could modify or had modi-
fied them to incorporate teaching of NOS in their teaching of subject knowledge 
teaching. The actual classroom implementation and detailed review and discussion 
of the lesson video “worked best” and more importantly were “treasured most” by 

1 12 sets of teaching resources can be accessed through the website: http://learningscience.edu. 
hku.hk

http://learningscience.edu.hku.hk
http://learningscience.edu.hku.hk
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the teachers in enhancing their pedagogical skills in teaching NOS and intention to 
teach NOS. The review and analysis of the lesson videos facilitated teachers’ 
reflection on which areas needed improvement. It also allowed them to appreciate 
and value the teaching of NOS when they saw students’ ability and interest in learning 
NOS. The proof of workability of both teaching and learning NOS had prompted 
teachers who were reserved about teaching NOS to follow suit. Details of their 
development, their concerns, and their learning outcomes were reported in Wong, 
Yung and Cheng (2010).

While encouraged by the promising results in the project, we have been mindful 
that a lack of collegial support may lead to a decline of teachers’ commitment in 
achieving curriculum change. Thus in September 2008, we initiated another 2-year 
professional development project. It aimed to cultivate a mutually supportive environ-
ment where teachers would collaborate and develop their pedagogical content knowl-
edge of NOS. A key feature of the new project was the formation of study groups 
among teachers of the same subject discipline from different schools (subject-based 
approach) and science teachers of the same school (school-based approach). We 
believe that putting like-minded teachers together in a study group is more likely to 
sustain and even enhance their commitment to teach NOS. While retaining the com-
ponents that teachers who participated in the previous project valued and treasured 
most (such as the SARS case study, the detailed review and discussion on their lesson 
videos with the university team members and their peers, etc.), we also encouraged 
teachers not to simply modify and adapt the available teaching resources, but to pro-
actively design their own instructional materials. This is indeed a goal that we wish 
teachers could ultimately achieve. Thus at the outset of the current project, we 
explained our intention to the teachers by a Chinese proverb, “Give a man a fish and 
you feed him for a day. Teach a man to fish and you feed him for a lifetime.” (In 
Chinese, it says 授人以魚,三餐之需;授人以漁,終生之用。).

Two physics teachers, Wayne and Kyle, who were from the same school, par-
ticipated in the school-based approach of the project (with three other colleagues 
teaching other science subjects). Inspired by the contextual approach in which 
they learned various NOS aspects through a series of socio-scientific issues (SSIs) 
in the SARS incident, they designed and implemented their own teaching materi-
als in which NOS and SSIs were drawn upon. In the following sections, we 
expound on their learning and teaching experience in the current project by covering 
in detail three important components that they found most helpful in their develop-
ment, namely (1) contextual learning of NOS through SSIs in the SARS crisis and 
other related contexts, (2) viewing and responding to videos of exemplary practice 
of NOS teaching; (3) their own practice of designing and implementing a NOS 
lesson. At appropriate places, we include views and comments expressed by 
Wayne and Kyle during our interaction with them in the following occasions: 
brainstorming sessions on how to incorporate NOS ideas in their physics lessons, 
pre- and post-lesson discussions, video workshops with the team of science teach-
ers of their school in which we shared and reflected on video episodes of how the 
teachers instilled NOS in their respective subjects, and an exit interview near the 
end of the project.
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We then compare the instructional materials and the teaching strategies of the 
NOS lesson collaboratively planned by Wayne and Kyle, and discuss the extent to 
which the SSI and NOS features demonstrated in the materials and the strategies 
are mediated by their learning experience.

Learning NOS Through SSI During the SARS Crisis

A detailed review of 17 experimental studies of context-based or STS-oriented 
approaches at secondary school level by Bennett, Lubben and Hogarth (2007) 
indicated that such approaches had positive impacts on students’ understanding 
of scientific concepts and attitudes to science and school science, especially 
when attention focuses on recent scientific research and innovations. Though 
none of these studies focused specifically on NOS understanding, we success-
fully demonstrated that the use of the SARS context with a number of remarkable 
SSIs was effective in enhancing NOS understanding (Wong et al., 2008). This 
provided support to the compelling arguments that critical consideration of SSIs 
offers an ideal forum for students to deploy and develop their NOS understanding 
(Sadler, 2004; Sadler & Zeidler, 2005; Zeidler, Sadler, Simmons, & Howe, 
2005), especially when the issues are controversial (Kolstoe, 2000; Oulton, 
Dillon, & Grace, 2004) or have strong personal relevance (Ryder, 2002). Khishfe 
and Lederman (2006) remind us that although locating NOS teaching within 
controversial topics (in their case, discussion of global warming) can be effec-
tive, the essential requirement, as in internship and apprenticeship approaches, is 
that NOS teaching is both explicit and supportive of critical reflection. The case 
study of SARS contextualized in many examples of SSIs was intensely personal 
for our learners and had many controversial aspects. Moreover, the learning 
materials were designed to draw explicit attention to important NOS items and 
to encourage reflection.

To explicate the learning experience of Wayne and Kyle through these SSIs, we 
describe in detail four key SSIs during the SARS crisis, namely (1) the hunt for the 
causative agent of SARS (2) the tragic outbreak at Amoy Gardens and the subse-
quent quarantine of all residents in the severely infected block, (3) the disclosure of 
Dr. Jiang on the discrepancy of the number SARS cases announced by the mainland 
Chinese government, and (4) the ban on eating of civet cats to prevent reoccurrence 
of SARS infection. These SSIs were most cited by preservice and in-service teachers 
taking the teacher training programs as very effective in prompting their deeper 
understanding of how science and technology impact on each other, and their real-
ization of the inseparable connection between science and society, in particular the 
influence of scientific findings about SARS on the actions of different bodies in 
society during and after the epidemic (Wong et al., 2008). The detailed historical 
development of each of the four SSIs with the NOS elements exemplified, and the 
learning and teaching activities included in the multimedia instructional materials 
are given in Tables 14.1–14.4.
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Table 14.2 Details of the tragic outbreak at Amoy Gardens and the subsequent quarantine of all 
residents of block E

Time
Historical development  
related to the SSI

Multimedia items/teaching 
and learning activities

Embedded elements 
of NOS

28–31 Mar 
2003

A residential building, Block 
E in Amoy Gardens, 
Hong Kong, was found to 
have an alarmingly high 
number of cases of SARS 
infection.

An animated graph 
showing the 
accumulated total 
number of infected 
cases in Amoy 
Gardens, rising from 7 
to 185 within 4 days.

31 Mar–1  
Apr 2003

The Hong Kong Department  
of Health imposed 
quarantine on Block E 
of Amoy Gardens. An 
unprecedented order  
from the Hong Kong 
government to move all 
residents of Block E to 
isolation camps to allow  
a thorough investigation 
of the mysterious severe 
outbreak.

A 20-s video showing 
government health 
workers and residents 
of Amoy Gardens, all 
in masks, being sent 
to isolation camps in a 
rural area. It also shows 
the cross-disciplinary 
investigation team 
entering the building  
to find clues to the  
cause of the outbreak. 
Learners are prompted 
to consider the diverse 
sentiment of people 
living inside versus  
those living outside 
Amoy Gardens.

Science and political 
decisions are 
interrelated.

Early- to  
mid-Apr

Scientists identified the 
presence of SARS-
coronavirus in rats, 
cockroaches around the 
residential area, sewage 
from the drainage system  
of the building.

Pictures showing the  
pattern of infection.

Modeling is a 
typical process 
in scientific 
research 
to provide 
explanation to fit 
the observations.

The pattern of infection (most 
of the infected residents 
lived in higher floors of 
Flat 7 and 8 which are 
connected to the same 
drainage system) suggested 
the causes of the outbreak 
was related to the drainage 
system.

Pictures illustrating the 
proposed explanation 
by scientists: The 
bathroom floor drains 
with dried-up U-traps 
opened a pathway for 
small droplets containing 
coronavirus into the 
bathroom. The exhaust 
fan in the bathroom then 
sucked the contaminated 
droplets to the light well 
where they were carried 
to higher levels by the 
warm humid air.

Uncertainties and 
controversies in 
science.

The model proposed by the 
local scientists explaining 
the infection was only 
accepted by the scientists  
of the WHO when they  
saw the over-packed 
conditions of the buildings.

(continued)
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Hunt for the Causative Agent of SARS

Wayne indicated the hunt for the causative agent of SARS (Table 14.1) was most 
remarkable. He found many NOS aspects illustrated in this SSI rather new to him 
and even beyond his expectation. These included ideas about the theory-laden 
nature of observation and the related subjectivity of scientists.

Yes, the theory-laden one was really good. In the competition between CUHK [Chinese 
University of Hong Kong] and HKU [University of Hong Kong]…to be the first research 
team to identify the cause of SARS…when the professor [in CUHK] announced that he 
found it [paramyxovirus], other expert virologists quickly agreed with him…It’s a big 
surprise to me that these renowned scientists also made mistake…they’re also affected 
by their prior knowledge and belief…You know, SARS, it’s a big thing…it’s large-
scale…but they’re still heavily affected by their background knowledge. [Coronavirus 
has been well known for causing mild common cold. The scientists only realized later 
that SARS-coronavirus can become deadly after gene shuffling due to cross-species 
transmission.]

Table 14.2 (continued)

Time
Historical development  
related to the SSI

Multimedia items/teaching 
and learning activities

Embedded elements 
of NOS

Now Ensure proper functioning of 
the U-traps by keeping it 
filled.

Social practice 
shaped by 
scientific findings 
(taking evidence-
based decisions 
and actions for 
home hygiene).

Table 14.3 Disclosure of Dr. Jiang on the discrepancy of the number SARS cases announced 
by the mainland Chinese government

Time
Historical development 
related to the SSI

Multimedia items/teaching  
and learning activities

Embedded elements  
of NOS

Since late 
Mar 2003

In Beijing, Dr. Jiang 
disclosed the truth 
to the media and 
drew international 
attention to the 
severe outbreak of 
SARS in mainland 
China. He was put 
under house arrest.

Learners are asked to give 
examples of similar 
stories from the history 
of science when political 
or social and cultural 
factors have affected the 
progress of science [e.g. 
house arrest of Galileo].

Political, social, and 
cultural factors 
influence the 
development of 
science.

60-s interview excerpts of 
Dr. AC and Prof. GZ 
expressing their views on 
the Chinese government’s 
decision to suppress 
information about the 
spread of SARS.
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Wayne also frankly admitted that he was not quite aware of the competition 
between research teams as he described above or even collaboration among scien-
tists before he experienced the SARS instructional materials, as he put it:

The collaboration of those scientists was also memorable…the science we teach now was 
done in old days…we just know somehow the scientist got it…we don’t even exactly know 
how he got it…In SARS, we saw the collaboration of many scientists.

Apparently Wayne was recalling the video clip from the program, SARS: The True 
Story, produced by the British Broadcasting Company (Higgins and Learoyd, 2003) 

Table 14.4 Details of the ban of eating of civet cats to prevent re-occurrence of SARS infection

Time
Historical development 
related to the SSI

Multimedia items/teaching 
and learning activities

Embedded elements  
of NOS

23 May 2003 Researchers from 
Hong Kong 
and the CDC 
and Prevention 
of Shenzhen, 
mainland China, 
successfully 
isolated the 
coronavirus 
causing SARS 
from civet cats.

Photos of civet cats in 
cages in restaurants and 
newspaper headlines 
about research in Hong 
Kong and Shenzhen 
CDC revealing that 
many civet cats carried 
a coronavirus that was 
99.8% genetically 
identical to the human 
coronavirus.

Scientific claims are 
based on logical 
deduction.

They also found 
that some animal 
traders involved 
in slaughtering 
the animals had 
antibodies of the 
virus carried by 
civets.

Researchers commented that 
civets might have been 
infected from yet another 
unknown animal source  
in the markets, where 
many different animals  
are caged in close 
proximity. Such market 
practices could provide  
a venue for the spread of 
the virus.

The unique dietary 
habits in Guangzhou 
might have caused 
the disease.

Since late May 
2003

The sale of civet cats  
in mainland China 
and other exotic 
animals was banned 
when evidence 
identified civet cats 
as the origin of 
SARS.

A 18-s video of a scientist 
who commented on the 
livelihood of many people 
working in businesses 
related to the sale of civet 
cats and exotic animals 
was greatly impacted by 
this political decision.

The findings of science 
affect political 
decisions, which 
in turn affect 
social and cultural 
practice.

Oct 2005 After SARS, newer 
evidence reported  
by scientists pointed 
to bats as the natural 
reservoir of SARS-
coronavirus.

Learners were asked if they 
were aware of the most 
updated research findings 
in the search of the origin 
of SARS virus.

Not uncommon to have 
political decisions 
based on or 
inadequate scientific 
findings.
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which described how Dr. Klaus Stohr, a scientist with the World Health Organization 
(WHO), initiated an international collaborative network, utilizing telephone confer-
encing, among 11 laboratories spread across 10 countries. The interview of Dr. Stohr 
and the narrator of the program gave a sense of urgency at that moment in time.

We knew that it was a race against time, so we had to find very quickly the pathogen, the 
causative agent for this disease… These scientists are competitive by nature but we called 
up 11 laboratories in 10 countries… (Dr. Klaus Stohr)

24 hours later, all the labs had agreed to forgo their rivalries and collaborate. For the first time 
in history, the full force of the world’s scientific might was united. (Jack Fortune – Narrator)

The SARS crisis also provided Wayne with an excellent example of how society 
impacts science in the STS connections:

This disease…very life-threatening…there was a huge societal demand…there was an 
immediate need to do research, to find out what caused it and how to cure it. I recalled in 
STS, society and science should be interrelated…but does science affect society or society 
affects science?…This one (SARS epidemic) is a good example of society driving the 
development of science…so many scientists thus worked together to tackle the problem.

The inclusion of an interview with Dr. RC conducted by a local television company 
gave Wayne a strong impression of the urgent societal need for scientists to find out 
more about SARS disease. It was filmed during the most serious and critical 
moment of the SARS crisis, when many doctors in her hospital were being infected. 
She was almost in tears as she shared her frustration and helplessness.

After the two colleagues passed away, some of our colleagues are in a life threatening situ-
ation. We are now receiving phone calls if our research can give immediate help. We need 
to work on urgent requests…hoping that we can help stop or reduce the rate of infection…
We have become so stressed out…We also wish earnestly that we can lessen the harm and 
have been asking ourselves “how come our research still can’t be any help?”

The feelings expressed by Dr. RC reinforced the need for scientists to compete 
against time and highlighted the pressure on them to meet social demands. Her 
distress and expressions of concern demonstrated that scientists were not isolated 
from the social environment in which they worked.

Tragic Outbreak at Amoy Gardens

In the tragic outbreak at Amoy Gardens (Table 14.2), Wayne and Kyle saw a clear 
impact of scientific findings on political decisions. In response to the finding of the 
medical statisticians identifying an alarmingly high infection rate and peculiar 
infection patterns of a particular residential building, the Hong Kong government 
imposed an unprecedented order of quarantine. All residents of the building were 
moved to a rural campsite to permit a thorough and unimpeded examination of the 
building. In relation to the issue of whether the government should isolate the resi-
dential building and its residents, they appreciated that a decision could arouse very 
diverse sentiments among people of different roles.
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Disclosure of Dr. Jiang About the Infection Situation in Beijing

In the disclosure of actual number of infected cases of SARS by Dr. Jiang Yanyong 
(Table 14.3), they saw the opposite relationship between science and political deci-
sions. There were, sadly, some occasions when scientific research on SARS was 
impeded by political decisions. In mainland China, in a misguided effort to prevent 
widespread panic, strenuous efforts were made to conceal the true extent of the 
epidemic. When Dr. Jiang exposed the cover-up in a letter to a Beijing television 
station and Time magazine, he was put under house arrest. The comment made by 
Dr. AC, a Hong Kong medical researcher who played an active role in fighting the 
disease, reflected how political decisions could hugely exert negative impact on the 
advance of science:

In Mainland China, when the government said there were no cases of SARS at the begin-
ning of the epidemic…how could the scientists in China do research on samples collected 
from the SARS patients there if there were no cases?…Certainly scientific research is 
oftentimes controlled by the will of the government.

Professor GZ, a mainland Chinese molecular biologist who played a key role in 
tracing the molecular evolution of the SARS-coronavirus during the course of the 
SARS epidemic in China, said that he could see “both sides of the coin” with regard 
to the delay in announcing details of the SARS infection in China. In an interview 
conducted 18 months after the SARS crisis was over, he commented:

We have learnt from SARS that if the government wants to keep this kind of thing secret, 
it’s not good… The government didn’t want to release information in the early stages 
because they were afraid that the media was going to make the situation worse…

Now the WHO doesn’t think SARS is a very severe disease. Even if SARS comes back, 
the WHO will treat it very calmly…Media may sometimes be dangerous in causing over-
reaction among the people… and that probably would influence the research and also the 
medical treatment…It’s really not necessary to panic, but the media didn’t know that… I 
think we have to educate the government, the media and the people…

Clearly, Professor GZ held the view that irrational panic could be suppressed by 
educating the general public and promoting a better understanding of science and 
nature of science.

Ban of Sale of Civet Cats

In the ban on the sale of civet cats, Wayne and Kyle further consolidated the impact 
of science on political decisions and social practice. They also felt the helplessness 
on the immediate impact on livelihood of a particular group of people in the society 
due to the findings of scientific research as commented by Dr. RC about the data 
leading to the ban on eating of civet cats. She put particular emphasis on the social 
impact as a result of research findings.
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The data [including early SARS patients were mostly restaurant workers who 
handle wild animals and serve exotic food like civet cats; civet cats carried a coro-
navirus almost identical to human coronavirus] directly affected the business of 
merchants selling exotic animals. These people may not even have learnt science at 
all in their life, but their lives have been heavily affected by science.

Her feeling of helplessness and sympathy for the merchants further deepened 
when she learnt that later compelling data pointed to bats instead of civet cats as the 
natural reservoir of SARS-coronavirus when the epidemic was over. Such an epi-
sode prompted Wayne and Kyle to recognize the intrinsic problems with the uncer-
tainty of science and that decisions could only be made based on data available 
which at the time may turn out to be incorrect.

Exposure to Good Practice of Teaching NOS

Through the SARS story, as another component of the professional development 
project, Wayne and Kyle also reviewed and shared their thoughts on videos of 
exemplary NOS teaching integrated in the teaching of science. These exemplary 
lessons were conducted by teachers who adapted some instructional materials 
developed in our previous project (2005–2007). Thus teacher participants of the 
current project, including Wayne and Kyle, have been exposed to good examples of 
different ways of teaching NOS, for example, situating the scientific concepts being 
taught in a historical context, making use of teachers’ demonstrations or students’ 
inquiry experience to highlight NOS, and capturing critical incidents to elaborate 
on certain NOS aspects.

As demonstrated in the study by Wong, Yung, Cheng, Lam, and Hodson (2006), 
exposure to exemplary science teaching prior to the commencement of formal pre-
service teacher training course is effective in getting prospective teachers “ready to 
‘think like a teacher’ and to begin to be cognizant of the complex ways in which 
the actions of teachers impact on their students” (p. 17). Wong and her colleagues 
provide evidence that videos could reinforce and develop prospective teachers’ 
conceptions of good science teaching in one or more of the following ways: (1) 
recognizing exemplary practitioners in the videos as role models who can inspire 
them to formulate personal goals directed toward these practices; (2) broadening 
their awareness of alternative teaching methods and approaches not experienced in 
their own learning; (3) broadening their awareness of different classroom situa-
tions; (4) providing proof of existence of good practices; and (5) prompting them 
to reflect on their existing conceptions of good science teaching.

Teaching NOS was fairly new to Wayne and Kyle. There are many similarities 
in enculturating preservice teachers into good science teaching and in enculturating 
teachers into teaching NOS. For instance, Wayne and Kyle were very impressed 
by a physics teacher who demonstrated diverse teaching strategies in teaching 
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NOS while covering the topic ‘wave nature of light’. The lessons included the 
story-telling of how Fresnel tried to overcome the challenge by Poisson on his 
argument on the wave nature of light, the reconstruction of Fresnel’s demonstra-
tion of diffraction of light to simulate how Fresnel provided empirical evidence 
in convincing Poisson of his argument that wave nature of light, etc. The lesson 
series broadened Wayne and Kyle’s awareness of alternative teaching methods 
and approaches and provided them proof of existence of good NOS teaching. In 
another instance, after watching an early career physics teacher trying a different 
way (from the standard lesson sequence in local physics textbooks) of introduc-
ing the concept of momentum and its relevant NOS, Kyle  commented with a 
pleasant surprise.

…less than one year of teaching experience? …he was so good…and his students got the 
ideas [both the concept of momentum and NOS aspects]!…Students also practised the 
skills in extracting data from the graphs [generated by the data-logging software] and data 
handling skills.

Apparently his comments reflected an initial doubt about students’ ability in dis-
covering the conserving property of the total sum of the products of mass and 
velocity of each colliding object, (i.e. total momentum) before and after different 
types of collision, and students’ appreciation of pattern- or rule-seeking as a typical 
and important activity of scientific inquiry.

Making Use of a Timely SSI to Teach SSI

With the encouraging proofs of existence of successful teaching of NOS by other 
physics teachers, Wayne and Kyle decided to make their first collaborative attempt 
in teaching the interconnection of science, technology, and society. In August 2009, 
Kyle and Wayne had a meeting with the first author, Alice, to share their prelimi-
nary idea about making use of the recent controversial decision of FINA2 that the 
use of shark skin swimsuits3 would be banned in international swimming competi-
tions after 1 January, 2010. Their intent to cover STS connections was guided by 
an apparent focus of the new physics curriculum guide. They felt that this SSI was 
a very suitable context to be integrated in the topic of mechanics. It was also timely 
and relevant to the interest of their students.

After Wayne and Kyle had introduced the fundamental physical quantities 
related to the motion of an object (time, distance, displacement, speed, velocity, 

2 The international governing body of swimming, diving, water polo, synchronized swimming, and 
open water swimming. FINA stands for Fédération Internationale de Natation, meaning 
International Swimming Federation.
3 Swimsuits made of technologically advanced fabrics biomimetically designed with a surface that 
mimics the shark denticles to reduce drag resistance through the water.
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acceleration), they decided to conduct the lesson on the Ban of Shark Skin Swimsuits 
which was dedicated to promote students’ understanding of the STS connections. 
It was discernable that the choice of the context and their design of the instructional 
materials bore considerable similarities to the SSIs that they learnt in SARS. For 
example, the context chosen was immediate, contemporary, and familiar to stu-
dents. The topic itself and the decision of the ban were controversial. It was a good 
example to illustrate the impact of science and technology on social practice (in 
sports). The contents of the 50-min lesson are shown in the first column of 
Table 14.5. The second and third columns are the teaching and learning activities 
and the embedded NOS aspects, respectively.

Table 14.5 Details of the lesson on STS connections using the ban of the use of shark skin swim-
suits in swimming competitions

Lesson sequence
Multimedia items/teaching  
and learning activities

Embedded elements  
of NOS

Introduced the purpose 
of the lesson: STS 
connections.

Quick revision of quantities  
in describing motion of  
an object (t, s, v, a).

Asked students (Ss) to recall 
how to calculate velocity and 
acceleration.

Society demands for 
more accurate timing 
devices

Technological advances 
may bring advantages 
to societal events (e.g. 
sports competitions)

Highlight the need of accurate 
timing device for accurate 
measurement of these 
quantities.

Teacher (T) highlighted their 
relationship with time and hence 
need accurate measurement of 
time for calculation.

T showed photo of a digital stop 
watch and an electronic timer 
which avoids errors due to 
reaction time.

T elaborated improved technology 
can generally benefit sports 
competition, and timing device  
is one of them.

Use of a highly-attended  
110 m hurdle race to 
illustrate why accurate 
timing device (or 
technology in general) is 
important to the fairness  
in sports competitions.

T capitalized on the first return of 
Liu Xiang on the field (the best 
Chinese 110 m hurdler) in an 
international hurdle match in 
Shanghai held just 2 days ago.

Highlighted once more 
accurate device is 
needed for fairer 
judgment.

Linked the need of 
technologies to 
fairness of sports 
competitions.

Showed a video clip in which Liu 
Xiang and Terrence Trammell 
made the same time record  
of 13.15 by digital timer 
(difference <1/100 s).

T then explained the use of ultra 
high-speed multiple photo shots 
in differentiating the position.

(continued)
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Table 14.5 (continued)

Lesson sequence
Multimedia items/teaching  
and learning activities

Embedded elements  
of NOS

Drew Ss awareness to the use  
of other technologies  
beyond accurate timing.

Invited Ss to give examples of the 
use of technologies in sports 
for other purposes in sports 
competitions.

Various technologies 
improve the 
performance of 
sports competitions 
and change the 
practice both during 
competition and 
during training which 
results in much 
improved world 
records.

Prompted students to reflect  
on the issues of fairness 
brought by the use of 
technology in sports.

Ss gave appropriate examples 
including: IR gun used in 
measuring distance of short put, 
sports shoes with air cushion, 
electronic scoring machine.

T showed a series of video clips 
of technologies used within 
competitions and (e.g. set- 
running aid, shark skin  
swimming suit, man-made  
legs for running competition  
in Olympics for the  
handicapped), during training 
(swimming pool with resistive 
flow, video replay for 
identification of imperfect  
action for focused  
improvement)

T raised a question to Ss: If an 
athlete or his country is so poor 
that these kinds of technologies 
could not be obtained, will it be 
fair?

Focused on shark skin 
swimsuits – the 
technological product  
which just got banned.

T showed Ss the video of the 
recent swimming competition 
in July 2009 in Rome in which 
Michael Phelps of USA lost to 
Paul Biedermann of Germany 
in the 200 m-free style due to 
a considerable progress of the 
technology used in shark skin 
swimsuits.

Technological advances 
which result in a 
jump beyond social 
expectation can lead to 
controversy of its use.

Highlighted the impact of the 
shark skin swimsuits on the 
world records in swimming 
competitions.

Showed a table of the world records 
in swimming competitions to 
highlight that almost all events 
were broken in 2009 and then 
contrasted this situation with 
track events which were much 
less frequent.

(continued)
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Table 14.5 (continued)

Lesson sequence
Multimedia items/teaching  
and learning activities

Embedded elements  
of NOS

Decision-making with  
provision of arguments.

Role play – Should shark skin 
swimsuits be banned?

Ss discussed in groups whether  
they agreed with the ban of  
shark skin swimsuits. Each  
group played a different role 
(spectators, athletes, scientists 
developed the swimsuits, 
sponsors of swimsuits) and  
noted down their views.

Presentation of views from 
different groups.

Representative of each group 
presented their views.

T made encouraging remarks on  
the some thoughtful arguments.

T also encouraged Ss of different 
groups to comment on each 
other’s views

Concluding remarks on the 
STS interconnection.

T made use a figure showing the 
interconnection of STS.

It is common to have 
different views by 
different people on 
an SSI.

Societal decision can 
(negatively) affect the 
advances in science/
technology.

T further explained that if a 
link in the figure is broken 
due to societal decision (in 
this case – ban of shark skin 
swimsuits), newer technology 
will not be produced and 
the science related to that 
technology may be inhibited, 
which may indirectly affect 
the birth of other useful 
products. In this case, it could 
be new types of materials for 
the use on boats to make it 
move faster.

Immediate Reflection and Modification of Lesson 
Implementation

Wayne and Kyle conducted their own class on the same day. Wayne’s lesson with 
class 4F took place in the morning while that of Kyle with class 4E took place in 
the afternoon. Kyle and Alice joined Wayne’s morning lesson. Wayne and Kyle 
had put great effort in locating relevant videos, historical world records of swimming 
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and track events, and other informative data for various lesson activities. During 
the lesson, videos like the return of Liu Xiang back on the track, which obviously 
captivated students’ interest and attention, Kyle and Alice felt the lesson was too 
loaded in the first half that the time left for student discussion in the role play 
activity and their subsequent reporting was limited (with less than 15 min). 
Opportunities for quality student interaction and arguments were scarce. Kyle 
was very sensitive and reflective in identifying components with good engage-
ment of students, for example, the 110 m-hurdle race with Liu Xiang. As an 
observer of Wayne’s lesson, Kyle acted as a critical friend for Wayne, identifying 
several lesson components that could be run more efficiently by (1) rephrasing 
some questions to ensure clarity and good understanding by students, (2) showing 
only selective parts of some videos while retaining its original purposes, and (3) 
rearranging some videos to make better linkage from one component to the next. 
Kyle’s immediate postlesson reflection on the codesigned lesson plan turned out 
to be very successful in addressing some inadequacies identified in Wayne’s 
implementation.

Learning Outcomes of NOS Teaching

Throughout Kyle’s lesson, the students were actively engaged and they contributed 
relevant and interesting ideas. With the modifications, the pace of the lesson flow 
was swifter as compared with Wayne’s class in the morning. The time allocation 
for the role play and subsequent reporting was about 23 min which allowed more 
well-thought-out views in supporting the students’ stances for each role. The fol-
lowing excerpts taken from student presentations reveal the stance and arguments 
presented by a group of representing scientists who developed the swimsuits and a 
group of sponsors of the swimsuits.

Views of Scientists

We do not agree to ban the use of the shark skin swimsuit. Our intention of design-
ing shark skin swimsuit is to enhance the swimming speed of athletes. It is great 
that our product (shark skin swimsuit) is effective. However, the Olympic Council 
banned it…Improvement is made through competitions. If the Council does not 
allow athletes to use it, how can our invention spread all over the world? As scien-
tists, we want to improve the quality of our technology. We design such kinds of 
products for humans. We hope that every country would support us. The use of our 
product by participants proves our success. Therefore, we absolutely support the 
use of shark skin swimsuit in sports competitions.
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Views of Sponsors

We do not agree. The swimming sport is not to compete for the slowest, but for the 
fastest. We can give the shark skin swimsuits to all the swimming athletes, so that 
it can be fair and all the athletes can be faster. If we ban the shark skin swimsuit 
just because it is different from the traditional one, should all athletes be required 
to use the same swimsuit?

Right after Kyle’s lesson and before the postlesson discussion with Kyle and 
Wayne, Alice chatted with a girl of Kyle’s class to see if she captured the key mes-
sage of the attempt of the teachers in teaching NOS with a specific focus on the STS 
connections. Alice delightfully shared the student’s responses to her questions with 
Wayne and Kyle.

(A – Alice; K – Kyle)
A:  I asked her “… if you were to chat with your family about this lesson, what 

would be the take-home message of this lesson that you would share with 
them?” What message do you think she remembers best?

K: The message that she remembered best?
A:  Yes…impressed her most…you tried convey quite a few messages in this 

lesson.
K:  Surely I hope she can remember my summary made at the end of the lesson
A: Yeah…
K: …however, I am afraid she won’t remember this main point.
A: OK, what did you wish she could get from your conclusion?
K:  Um … Now we have banned the use of shark skin swimsuits, which would 

affect the development of science and technology. It will also influence our 
society. There will be fewer technology products.

A:  Um…You will be very happy. She actually mentioned this message…Yes, 
she did.

K: That’s great!
A: Yes. She did mention that.
K:  Wow, at least I know one student got this message, right? This is so 

pleasing!
A:  Yes. She actually pondered for a while before answering me. She didn’t sim-

ply recall what you just mentioned… She thought seriously and told me that 
… what she remembered best was that “now, the use of shark skin swimsuits 
is banned…however, shark skin swimsuits may be applied to athletic games 
some days in the future”. You know, probably she was prompted by your joke 
you made at the end of the lesson [would bring along a shark skin swimsuit 
for the running in the School Sports Day tomorrow]. She said further, “The 
ban may affect the development in other things…In athletic games, there are 
also many technological products, but they are not banned.”

K: She could even get this point?



266 S.L. Wong et al.

A: Yes!
K: She did very well!
A: Yes, she did very well indeed.

What else could be more rewarding for teachers to know that their effort in prepar-
ing a lesson has turned nicely into students’ learning? To us, as teacher educators, 
what else could be more rewarding when hearing teachers’ excited acclaims 
on their students’ learning? We shall conduct more interviews with the teacher 
participants and their students toward the end of this professional development 
project to understand more about the relationship between the teaching NOS and 
students’ learning outcomes.

Implications for Professional Development

The data collected from the teachers and students seems to suggest that their learning 
of NOS through the use of timely SSIs has been promising. Teachers who experi-
enced the learning more than 18 months ago through the SSIs in the SARS incident 
still possess very good NOS understanding and still recall the various contexts in 
which they learnt relevant NOS. Students’ discussion during the role play and their 
subsequent presentations also indicated that understanding of certain NOS features 
has been achieved, in particular the STS connections which were highlighted in the 
lesson on the Ban of Shark Skin Swimsuits.

We see several similarities of our teacher training lesson in promoting teacher 
NOS understanding and Wayne and Kyle’s lesson in promoting students NOS 
understanding (in particular STS connections). First, both lessons used timely con-
texts that were relevant to learners. SARS has captured much attention of all people 
in Hong Kong where it was most hard-hit by the epidemic. Thus it has been highly 
relevant to teachers in Hong Kong and its timeliness would last for years due to the 
unforgettable experience and the scare of a similar crisis due to another outbreak, 
like the recent swine flu. For Wayne and Kyle’s lesson, sports have been mostly 
liked by teenage students. Wayne and Kyle deliberately included examples of a 
diverse range of sports. Kyle reminded us that the effectiveness would be enhanced 
if the teachers also find the context relevant. He said, “I love sports very much and 
enjoy looking up information about sports…feel excited and at ease when talking 
about them to students.” They also capitalized on the timely context of the ban of 
shark skin swimsuits that happened a couple of months before their lessons. The 
use of the return of Liu Xiang (favorite sports star of many Hong Kong students) to 
the 110 m-hurdle competition 2 days before their lessons was both timely and rel-
evant to the students. Students were obviously attracted to the many video clips of 
sports competitions and sports training used by them in the lesson. Similarly, the 
SARS teacher training materials also made heavy use of videos of scientists who 
fought against SARS and documentaries produced by reputable media about the 
inside story of SARS. Teachers felt excited to hear these inside stories. These videos 
were immensely helpful in the reconstruction of the relevant SSIs to give learners 
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a sense of authenticity about the events shown. This is the second common feature 
of the SARS training materials and Kyle and Wayne’s instructional materials that 
motivated the learners. Third, both lessons engaged learners in critically reflecting 
on dilemmas, issues, and problems faced in decision making. Instead of being a 
purely rational and logical exercise, such decision making mandated considerations 
of social demands, sentiments of public, incomplete scientific findings and possible 
consequences to different stakeholders, etc.

Although we have reported the unique features of the SARS instructional 
materials that may account for its effectiveness in promoting teachers’ understanding 
of NOS (Wong et al., 2008), we have not shared these features explicitly with the 
teacher participants who joined our professional development project. Our over-
sight was due to our belief that another similar incident as SARS would be unlikely, 
which embodied so many NOS features in one case. It was interesting to find that 
Kyle and Wayne somehow translated some of the unique features of the SARS 
training session to their teaching of NOS. Kyle and Wayne’s lesson demonstrated 
that the same features could still be nicely applied to a simple SSI embedded with 
just a few NOS aspects. Indeed Kyle said that he felt fairly at ease in running the 
role play activity as he had experience using one of the sets of teaching resources, 
LASIK, developed in our previous project from 2005 to 2007. In the LASIK pack-
age, there was an activity in which students were asked to advise, with justification, 
people of different backgrounds, careers, and eye problems whether they are suit-
able for taking laser-assisted in situ keratomileusis (LASIK) surgery. Kyle further 
commented that if he had not used the LASIK package, it would have been quite 
daunting for him to design a lesson teaching STSE on his own.

I used the LASIK package before…all information are there…I didn’t need to prepare 
anything extra, only implemented the activities…After the implementation, I felt relatively 
easily to design a new one…. If I have to design one right from the beginning, it would be 
hard. But if there is a sample, like LASIK…also on STS…I can follow it like a model.

The learning of Wayne and Kyle seems to suggest that teachers did learn from 
exemplars, or through the modeling of exemplars. They were able to make use of 
some features of exemplar SSIs, and to apply them in designing novel SSIs that 
fitted the needs of their students. The capability of identifying key features of exem-
plar materials and transferring such features to personalized teaching resources 
seems to be essential for teachers’ development. Developing such capability seems 
to be a way for our future teacher training programs. We envisage that such model-
ing is potentially applicable to other approaches of teaching NOS, for example, 
doing inquiry, history of science, etc.
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The Use of Mass Media

Klosterman: It seems natural to include news broadcasts, clips from documentary 
films, and other media sources to introduce teachers and students to socio-scientific 
issues (SSI) and to highlight current features of nature of science (NOS). Like the 
SSI used as contexts in this chapter, media is timely, captures student attention (and 
therefore qualifies as being “relevant”), and can highlight the different perspectives 
of individuals concerned with SSI. As someone interested in classroom use of media 
and how science is represented in the media, I would like to know more about how 
and why the media clips were selected. In the Severe Acute Respiratory Syndrome 
(SARS) example, it was clear that multiple perspectives were represented through 
the clips and the accuracy of the information presented was considered. Was the goal 
to present an overall picture of the issue? Did the teacher use media for a similar 
purpose? Did any of the other teachers you observed incorporate media from mul-
tiple perspectives within one lesson? What impact, if any, do you think the type or 
content of media might have on student’s decision making around the issues?

Wong: We produced the SARS instructional package intent on making use of the 
unforgettable SARS story to demonstrate a rich list of NOS elements. In our choice 
of media clips, we perused all accessible documentaries, news records, interview 
data of scientists, etc., to represent the historical development of the epidemic and 
the associated rapid scientific developments. However, I cannot claim that we pre-
sented an overall picture of all issues seen in the SARS example. We mainly focused 
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on elaborating the details of a series of SSI in the historical development of the 
 epidemics which were closely linked to the series of scientific findings related to the 
SARS disease. There were other issues on which we did not elaborate (e.g., the delay 
of government warning about the seriousness of the disease due to the potential 
economic impacts on tourism-related industries, the suspension of all schools due to 
parental concerns, and challenges faced by hospitals related to resource allocation). 
However, for each SSI in our package, we incorporated media clips, pictures, and 
scientists’ interviews, which presented the situation from multiple perspectives.

In the shark skin swimsuits unit developed by Kyle and Wayne, they made use 
of video clips to help students see a broader view about fairness of sports compe-
titions from different perspectives as seen in Table 14.5. I believe that such infor-
mation would invite students to be mindful of seeing fairness not limiting to what 
was used in the sports grounds. However, due to the nature of the role play acti-
vity, students were asked to consider the issue from the perspectives of a certain 
role (spectators, athletes, scientists developed the swimsuits, sponsors of swim-
suits). As the key goal of the current projects is to develop teachers’ pedagogical 
content knowledge in teaching NOS in their teaching of science, most teachers 
used the media to present the relevant historical background of the scientific 
development (also a key feature of the SARS Story) related to the topics of  science 
that they taught.

Modeling Teacher Practices

Klosterman: I think this chapter does an excellent job of highlighting the impor-
tance of modeling for the development of teacher practice. The authors highlight 
the potential benefits of a three-step sequence to teacher training. The teachers, 
Wayne and Kyle, were able to effectively address elements of NOS using SSI 
 contexts after first engaging in professional development around NOS and SARS, 
followed by viewing and discussing models of success, and then developing their 
own units. Progressively removing levels of support (scaffolding) has proved very 
successful in a variety of teaching contexts. However, as I was moving through the 
chapter, I wondered how Wayne and Kyle were so successful at developing their 
own units after learning about NOS through the SARS unit and viewing exemplars 
of teaching practice. The transformation from seeing to doing is a big leap. At the 
end of the chapter the authors mention that Kyle tried to use another previously 
developed package – laser-assisted in situ keratomileusis (LASIK) – before devel-
oping his own unit with Wayne. I do not think we should underestimate the poten-
tial impact that this “trial” run had on Kyle’s success with implementing the shark 
skin swimsuit unit. As the researchers, did you notice if any of Kyle’s experiences 
using the LASIK package contributed to the planning discussions for the shark 
swimsuit unit? And did Wayne have any similar practice using one of the previ-
ously developed units prior to designing the shark swimsuit unit?

Wong: As you rightly pointed out, Kyle shared with us during his reflection on 
his own learning of teaching NOS that the use of LASIK package had paved way 
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to his own design of NOS teaching. The LASIK package along with other packages 
produced in an earlier project completed in summer 2007 was indeed intended to 
provide science teachers with some exemplars of teaching resources as references 
for teaching NOS.

Like Kyle, Wayne also used the LASIK package; however, I must admit that 
during the planning discussions on the development of the shark skin swimsuit unit, 
I was not aware that both of them had read and used the LASIK package. I did not 
become aware of these experiences until reading their reflective statements later in 
the process. Kyle suggested that without the reflection activities, he might not have 
come to realize the favorable impact of the use of the LASIK package on his own 
development of NOS teaching resources. His views reflected that exemplars of 
instructional materials provide an invaluable intermediate step to planning a more 
independent unit. More exposure to teaching ideas through sharing and use of 
well-designed resources will enhance teachers’ pedagogical content knowledge in 
teaching NOS and SSI. They will be more sensitive to possible contexts and materials 
for turning them into instructional units.

SSI as a Context for Instruction

Dana: I was very interested in this chapter inasmuch as I recognize the opportunity 
and importance of using SSI to provide both a context for engaging students in 
conceptual understanding of content and for providing a framework for epistemo-
logical understanding of NOS. The tables the authors provide clearly illustrate the 
conceptual links between SSI and NOS. As I explored the chapter, three issues 
related to the connections between SSI and NOS emerged for me.

First, the authors suggest that because of a lack of conceptual understanding as 
to the robust epistemological nature offered by historical NOS stories, and not fully 
understanding the rationale behind the design of (NOS) instructional materials, 
teachers (and consequently their students) were not able to develop an appreciation 
of NOS in social contexts. While some teachers found the stories interesting, this 
begs the question as to whether a minimum threshold of epistemological sophistica-
tion is needed before any new curriculum or approach (e.g., NOS, SSI, STSE, 
Inquiry, Collaborative Learning) can be effective.

Wong: Historical stories of science and scientists are commonly found in many 
science textbooks in both the West and East. Yet there have been many studies 
reporting on teachers’ and students’ lack of adequate understanding of NOS. Such 
findings indicate that an appreciation of the embedded NOS aspects does not come 
naturally. Indeed, most of the NOS elements are the theorized understandings about 
science crystallized from years of academic studies about science. It is rather dif-
ficult for science teachers and students to figure out these ideas by themselves 
through just listening to the historical stories of science. Similar to the learning of 
scientific concepts, we are skeptical about an extreme discovery approach. We rely 
on a more guided approach that uses targeted activities to help teachers and students 
appreciate NOS in history of science or linkages between SSI and NOS.
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Interestingly, but disappointingly, we found that some myths about science and 
distorted images of scientists were reinforced by some science stories if we did not 
guide or make explicit connections to help teachers see the relevant NOS features 
embedded in the stories. For example, when we told the story about the treatment of 
stomach ulcers to our preservice and in-service teachers, many of them were most 
attracted to the episode in which Dr. Marshall tested his hypothesis by being a clini-
cal trial subject himself. Some comments from teachers like “See…only scientists 
would be so odd and crazy” reflected a reinforcement of the image of weird scien-
tists who are detached from the world and different from normal people. Some 
focused on ‘incidental discovery’ rather than appreciating scientists’ perseverance in 
collecting empirical evidence and the courage required in challenging long-standing 
beliefs when they noted clues to the cause of stomach ulcers through careful obser-
vation and attention to details. Such outcomes are not unsurprising as ‘observation 
and data interpretation are theory-laden’ – an important aspect of NOS! When teach-
ers do not have an adequate epistemological understanding or minimum threshold of 
epistemological sophistication, it is very easy for them to miss the intended targets. 
Thus any curriculum reform with new teaching approaches will likely fail if teachers 
have not acquired the expected level of understanding.

After a series of projects in promoting teachers’ pedagogical content knowledge 
(PCK) in teaching science, technology, society, and environment (STSE), NOS, SSI, 
and scientific inquiry, in the past decade, we also know that it is most important for 
teachers themselves to value such ways of teaching or approaches. In one of our 
ongoing projects, when teachers were encouraged to design their own teaching units, 
we noted different teachers have their own preference of contexts when they infused 
NOS aspects in their lessons. Many favored the use of history of science, some pre-
ferred doing scientific inquiry, and others tended to place NOS teaching in SSI. We 
are conducting interviews with these teachers to probe their perception of the value 
of teaching NOS. Our preliminary data suggest that there were strong linkages 
between their choice of contexts/instructional activities and their perceived values of 
teaching NOS. We also find some teachers’ perceived values are influenced strongly 
by the rationales put forward in the new curriculum guides while some are more 
influenced by available instructional resources. We hope to report the full findings 
of these follow-up interviews in an independent article.

Zeidler: Second, you cite Hodson’s (2006) claim that in order for curriculum 
materials (NOS, STSE, SSI, etc.) to have “street credibility” – it needs to be “devel-
oped by teachers, for teachers.” I think much of this is true for most professional 
development settings. Owning horses, I also know that the most nutritious food is 
of little consequence if it is also not palatable. If the horses won’t eat it, it matters 
not how good it is for them! While I am not equating students to livestock, our 
research has shown that for SSI to be effective, students must find the ideas con-
tained therein personally relevant and meaningful. Therefore, I would like to suggest 
that we be sensitive to providing the opportunity and conditions necessary for 
students to raise their own questions and develop their own units of study within 
the goals of the curriculum. Given certain parameters and guidance, they can often 
do this quite well – and move a little further down the trail.



27515 Metalogue: Preconditions and Resources

Wong: I like the suggestion of providing students opportunity and necessary 
 conditions to raise their own questions and develop their own units as much as I like 
your analogy of feeding horses. Your suggestion reminds me of a few lessons I 
observed some years ago in Wayne and Kyle’s school by their vice-principal, Larry. 
Larry is an experienced physics teacher who was one of the recipients of the Award 
for Teaching Excellence organized by the Hong Kong Education Bureau. He has a 
practice of letting his students take up the teaching of selected physics topics in turn. 
I was in one of these lessons when a group of students were explaining how lenses 
are used for correction of eye defects. Apparently this was a topic highly relevant to 
students (over 80% of Hong Kong students by the age of 16 suffer from nearsighted-
ness and many of their grandparents also rely on reading glasses). I was impressed 
by Larry’s patience and ‘tolerance’ in keeping quiet when the students-in-charge of 
the lesson got the concepts wrong about presbyopia (lack of accommodation of near 
objects upon advancing age). His tolerance was paid off after the ‘incorrect’ expla-
nation went on for about 5–10 min when a few of their fellow students started to 
raise questions based on observations of the glasses of their grandparents. The inac-
curate concepts were corrected through active interaction, negotiation of conflicts, 
and provision of evidence in support of one’s arguments. I was convinced then that 
when students got interested in a topic, self- and peer-learning could be more fun 
and effective. Although the lessons I observed in the school were mainly on subject 
knowledge, I can imagine when students are encouraged to go beyond subject 
knowledge to integrate related NOS/STSE/SSI, their enthusiasm in preparing mate-
rials for teaching and learning of the topics will be even greater.

Zeidler: The third issue I will raise here deals with the framing of SSI. You prop-
erly suggest that SSI are controversial and can provide a context for epistemologi-
cal understanding of NOS. However, I also think it important that SSI contain some 
feature of ethical tension – to create some degree of moral dissonance. This is 
important in terms of generating interest, resolving conflict, challenging presup-
positions of evidence and norms, creating character, advancing developmental 
reasoning, and the like. I can see the potential in using the SARS scenario of where 
this may exist (e.g., Tragic Outbreak at Amoy Gardens), but am left wanting to 
know more about how this potential was leveraged and tapped? This is a key element 
of SSI, as I envision it.

Klosterman: I would like to extend Dana’s third comment and ask: What do we 
consider SSI as? This article raises the issue that STS issues and SSI are related, 
but to what extent? As those interested in SSI-based instruction and outcomes, I 
think we need to be careful that we clearly define the differences between SSI, STS, 
and even problem-based learning (PBL) scenarios.

Wong: We agree with your views that many SSI can provide good contexts to 
induce moral dissonance which challenges preconceptions and norms, encour-
ages reasoning and balance of pros and cons, inculcate values for character-
building. Your questions prompted us to consider if the Tragic Outbreak at Amoy 
Gardens, which aroused intense ethical tension among different stakeholders 
(regarding the unprecedented government order to quarantine the residents of the 
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seriously infected block to a rural camp site), could serve as a good context to 
create moral dissonance and subsequently achieve a number of invaluable learning 
outcomes. Upon reflection, our team considered the tragic outbreak might not be 
as effective when compared with other SSI that deal with situations that are still 
unfolding. For the Amoy Gardens incident, all stakeholders including those who 
strongly disagreed with the government’s order initially could see that the gov-
ernment order turned out to be effective in terms of halting the mysterious spread 
even if it was not the best decision. Due to the known outcomes, this issue did not 
generate the ethical tension Dana references.

Dana: These responses were quite illuminating and provided much insight into 
this important area. It seems the authors agree, in principle, with the conceptual 
notion of a “Threshold Model” of epistemological understanding that drives subse-
quent socioscientific reasoning, NOS understanding, and the like. I look forward to 
your further work on how teachers’ perceived values are influenced either wittingly 
or unwittingly by knowledge of instructional contexts and pedagogy.

Your were truly fortunate to have someone like Larry work with your students 
and be able to take a “back seat” to the ideas that students were generating in class. 
Your anecdotal observations of increased student interest and participation are con-
sistent with our observations of student engagement with a robust SSI approach. In 
our case, a perceptive teacher, like Larry, was able to honor the students’ ability to 
propose their own arguments and subtlety guide them when necessary. It is some-
times difficult to turn over the reigns to students in pursuit of their own understand-
ing but the dividends can pay off in terms of engagement and authentic learning.

I also appreciated the author’s nuanced interpretation of how ethical tensions – an 
important part of SSI, may be ameliorated by the known outcomes of historical 
events. This is something I will personally give more thought to and it has important 
implications. It would seem that moral dissonance – hence ethical tensions – central 
to SSI, is more gripping when the outcomes are ambiguous, uncertain, probabilistic 
in nature, and where “experts” have fundamental disagreements – all the proper 
precursors for an effective SSI.
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The first semester, I was constantly frustrated because the students seemed to be incapable 
of understanding Nature of science (NOS), the relevance of Socioscientific Issues (SSI) in 
their daily lives, and the value of evidence-based argumentation. Actually, my first impres-
sion was that this was an exceptionally unintelligent group…though I often doubted my 
teaching ability, as the problem was global throughout six classes. (High School Teacher’s 
Reflections of First Half of First Quarter)

Sociomoral discourse, argumentation, and debate are necessary elements in a 
socioscientific issues-centered classroom. While these factors are fundamental in 
realizing a socioscientific issues (SSI) curriculum, related pedagogical factors, 
such as a commitment to inquiry, enacting opportunities for the cultivation of 
character, and conceptualizing the role of the nature of science (NOS) are consis-
tent with progressive views of science teaching and scientific literacy (Sadler & 
Zeidler, 2009; Zeidler & Sadler, 2010). Further, classroom research has demon-
strated that a fully enacted SSI approach to science education becomes a transfor-
mative process for participating students and their teacher. Successful transformation 
occurs when the teacher-centered approach shifts to a student-centered classroom 
and the science curriculum becomes issues-driven. Further, the results of this shift 
may be said to be transformative when students’ discovery of scientific concepts 
emerges out of socioscientific issues.

Introduction of novel pedagogy is often met with resistance from experienced 
teachers, as well as students who have become comfortable with classroom and 
instructional expectations. The unique dynamics of SSI-based instruction requires 
establishment of new relationships among teachers, students, and researchers, a 
series of transitions likely to impinge on established classroom social norms that can 
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be both subtle and overwhelming. The social norms consist, in part, of implicit and 
explicit expectations established about the roles of the teacher and the students in 
that classroom. Frequently, we discover that such norms are firmly established after 
years of entrenched teacher-centered instruction. Historically, the education initia-
tives and changes to classroom norms have been structurally superficial in nature, 
where a new pedagogical approach may be implemented, yet students remain depen-
dent on the teacher for instruction regarding the method of learning and which 
information has value. In contrast, an SSI curriculum provides for fundamental and 
deep structural changes that reorganize those norms at a core level of social network-
ing and understanding. In the former case, one may think about how to rearrange 
desks and chairs or initiate a “new teaching strategy” without much thought to the 
deeper core structures of the classroom. In this case, there would certainly be 
changes in the classroom and between student-teacher interactions. We could speak 
about that experience as having undergone a certain type of transformation that was 
not necessarily transformative, in that the introduction of those new elements merely 
represented changes in surface features of normative and structural relationships. By 
contrast, if a teacher and his or her students experience pedagogical changes in ways 
that alter the fundamental nature of social discourse and community, we should 
understand that the experiences bringing about this deeper shift in epistemic beliefs 
are different in kind, and may properly be said to be transformative.

Many contemporary educative experiences consist only of transforming surface 
level characteristics of the classroom setting. It has become commonplace to find 
examples of reform in education that addresses only surface structure issues (e.g., 
high stakes testing, redistricting, the No Child Left Behind mandates and the like). 
Comprehending the shift from traditional classroom practice to an SSI framework 
requires an understanding of the distinction between the pedestrian transformation 
from new surface structure reform mantras and deep structure transformative 
practice—the latter represents fundamental normative shifts in core pedagogical 
expectations on the part of teachers and a sense of empowerment in terms of assum-
ing responsibility for learning on the part of students. Our approach with SSI is an 
instantiation of progressive education, a concept that necessitates transformative 
shifts in how we understand science education and science teaching.

The purpose of this chapter is to present a description of a comprehensive research 
project that used a SSI framework to dramatically alter a high school level science 
curriculum and implemented the necessary pedagogical practices that transformed 
the teacher and his students from actors within a very traditional classroom context 
to participants in a progressive educational setting. It is our claim, that this accom-
plishment was based upon the transformative nature of a robust SSI approach that 
facilitated deep structural changes necessary to accept and understand the complexi-
ties of developing a progressive science teaching curriculum. We initiated this project 
to explore issues and challenges associated with the implementation of an SSI-driven 
curriculum. Specifically, the two primary objectives of this chapter are to: (1) Describe 
the conceptual design and implementation of a year-long SSI-driven course and  
(2) Outline a framework for SSI instruction, with suggestions and caveats that 
emerged from the design-based research associated with this implementation.



27916 Enacting a Socioscientific Issues Classroom: Transformative Transformations

Pedagogy and Deep Structure Reality

My mood as an educator has improved. Once I realized what needed to be accomplished, 
the projects progressed easily, rapidly, and with a great deal of enjoyment for the class and 
me. It should be noted that part of the differences was the result of my decision to put the 
projector, computer and transparencies to rest. The technology was beautiful and well 
organized, but exceptionally impersonal. When I rolled the white board to the front of the 
class and drew pictures and wrote down what the class was saying, they became involved 
in their own education. (Teacher’s Reflections at the End of the First Quarter)

As we suggested above, many reform attempts to impact the educative experiences 
of our children consist of transforming surface level characteristics of the school 
setting. In understanding the shift from traditional classroom practice to the SSI 
framework, it is important to note the distinction between transformations that 
occur in classroom practice and transformative practices—the latter represents deep 
structural shifts both in teacher pedagogy and students’ conceptual understanding 
of subject matter and reflective thinking. Figure 16.1 illustrates the contrast 
between two far ends of a continuum of instructional paradigms: traditional meth-
ods of instruction on the one hand, and progressive instruction on the other. We 
view our approach of SSI as an instantiation of progressive education—an approach 
that necessitates transformative mind-shifts in how we think about science educa-
tion. The SSI framework we propose, necessitates deep restructuring—and recreat-
ing pedagogical reality in science education if we wish to arrive at the outcomes 
(autonomy, responsibility, etc.) often associated with progressive education.

Focus of
Education

Focus of
Education

Instantiated with

Instructional
Paradigm

Traditional Progressive

Socioscientific
Issues

Approach

Accountability Responsibility

Student
Centered

Autonomy

Action or
Deeds

Teacher
Centered

Faith

Dependence

Emphasis on

Evidence-based Reasoning
Moral Concerns/Ethical Issues

Character Formation/Conscience
Scientific Inquiry

Controversial Issues
...

Learning
Environment

Learning
Environment

Epistemology
Developed by Epistemology

Developed by

Learning Outcomes
Derived by Learning Outcomes

Derived by

Fig. 16.1 Continuum contrast of instructional paradigms
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The progressive venture has its historical roots in the experientialists (e.g., Jean 
Rousseau (1712–1778); Friedrich Froebel (1782–1852); John Dewey (1859–1952)), 
who viewed education as an individual (student)-centered social process where 
epistemic meaning is derived from the collective meanings of shared social experi-
ences (actions and deeds) where autonomous thinking emerges as a natural outcome. 
This stands in stark contrast to a traditional approach, influenced by the thinking of 
social behaviorists (e.g., Johann Herbart (1776–1841); Wilhelm Wundt (1832–1920); 
Edward Thorndike (1874–1949)), which is dominated by a teacher-centric emphasis 
that focuses on mastery of prescribed bodies of fixed and discrete knowledge. Such 
an approach tends to produce in students, a dependence on the teacher where, in the 
extreme form, epistemic meaning is an act of faith. In this case, students are taught in 
an autocratic fashion, where text and authority produce unreflective students and 
inflexible knowledge that appears immutable. Hence, whereas the traditional approach 
develops knowledge and beliefs associated with the justification of that knowledge, 
through dogma or nonevidential (faith) methods, SSI begins with evidence-based rea-
soning, and challenges the normative assumptions of the knowledge claims students 
hold. Emphasis is placed on engaging students in the activity of scientific inquiry, 
and connecting that inquiry to contextualized social-scientific issues. In prioritizing 
personal and collective responsibility as an outcome of progressive philosophy, the 
cultivation of conscience through the formation of character is achieved by students 
engaging in discourse and making decisions about various moral problems (Zeidler 
& Sadler, 2008). It is important to emphasize that the final epistemological claims 
students hold are less important than the means by which they were developed. 
Under our SSI framework, students ought to be able to provide evidence-based jus-
tification for a position and exhibit an openness to reflect on that position in light of 
new evidence.

Project Goals and Setting

The project was initiated when a high school anatomy and physiology teacher 
(the second author) approached two science education researchers with estab-
lished track records related to research and teaching of SSI (the first and third 
authors). The teacher had recently begun a graduate program in science education 
and was interested in the intersections of SSI, NOS, and the teaching of science 
content. He wanted to conduct a longitudinal experiment with his classes to 
understand how SSI could be leveraged to promote student learning of NOS and 
science content. The researchers enthusiastically agreed to partner with the 
teacher. The first author assumed the role of project director. He worked with the 
teacher on a weekly (sometimes daily) basis, visited the classroom frequently (to 
monitor curriculum implementation, serve as a resource and mentor for the 
teacher, and model selected lessons), and coordinated a group of graduate stu-
dents who collected various forms of data. The third author served in a consulting 
role for both the teacher and the project director. All three authors collaborated 
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on the design of the year-long curriculum and the development of specific learning 
activities within the curriculum. The three also maintained frequent communica-
tions (via phone, email, and face-to-face visits) to work through implementation 
challenges and research issues as they arose.

Teacher–Researcher Relationships

Finding a teacher with the fortitude to commit to a longitudinal intervention incor-
porating SSI, NOS, argumentation, and a dose of reflective judgment into their 
classroom for one academic year is no doubt a rarity. Such a teacher must be com-
fortable with his content and teaching abilities and demonstrate an unwavering 
commitment to inquiry into his own teaching practices and results. Labaree (2003) 
notes many of the unique challenges of teacher-as-researcher. Both teachers and 
researchers tend to conceptualize their roles as transformational, but the targets of 
their efforts are somewhat different. Teachers are personally invested in the lives of 
their students and work to transform those lives. Researchers typically seek more 
global effects: they work to improve education systems, curricula, and/or theory by 
creating better understanding of teaching, learning, and learning environments. 
Ultimately, these goals are complementary, but in the immediacy of an intervention 
study, the variable perspectives can create challenges for teachers trying to help 
their students learn and researchers trying to understand how students learn. 
Table 16.1 reveals some of the key issues that arose regarding the tension between 
the teacher and the researchers, and the ultimate resolution of those issues in the 
context of the current project. Because of the high degree of professionalism and 
mutual respect between the teacher and researchers, problems were brought to light 
and discussed with candor and humor. All three authors were very closely involved 
with not only the research but also curriculum design and implementation.

Because planning SSI units was done in concert with the teacher, we were able 
to question one another about the meaning and intent of particular investigations 
without undermining anyone’s sense of ownership or professionalism. At times, 
where there may have existed a disconnect between the researchers’ vision of how 
the various components of SSI were to be implemented relative to design features 
of the study, and the teacher’s concern for immediate observable outcomes, we 
were able to have spirited discussions and come to a consensual resolution, much 
like we expected from the students who underwent this SSI curriculum. As the 
academic year unfolded, as suggested by the subtext of Table 16.1, we experienced 
transformations that were, indeed, transformative in nature. Perhaps the best way 
to describe how we fundamentally changed our understanding of working through 
various issues that arose is to suggest that all of us continually experienced a suc-
cession of mini-epiphanies about what constituted critical issues in the context of 
the research design and in the context of the real needs for the teacher and his 
students, and were able to negotiate and achieve common understanding and reso-
lution as issues arose.
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Settings and Context

Since the focus of this chapter is on the pedagogical aspects relevant to the teaching 
of SSI, we omit certain methodological features that can be found elsewhere (e.g., 
Zeidler, Sadler, Applebaum, & Callahan, 2009) and concentrate on providing a 
brief overview of the learning treatment. The study involved a full academic school 
year that enabled the teacher to observe and monitor growth in students’ perspec-
tives of characteristics of science, scientific inquiry, and the relevance of science to 
daily decision—making through debates, argumentation, class discussions, small 
group and individual projects.

Participants were from four intact classes of the eleventh and twelfth grade 
 students (typically ages 16–18) from a large suburban public high school in Florida. 
Two classes were honors and two classes were nonhonors anatomy and physiology 
sections. Each class had between 29 and 31 students. One honors and one nonhonors 
class were assigned as a comparison group while the two remaining classes became 
the treatment group sections. It is important to note that all sections (including those 
constituting the comparison group) were to have explicit emphasis on NOS con-
structs. Our rationale to include NOS in all groups stems from our belief that while 
SSI can elucidate features of NOS (Zeidler, Walker, Ackett, & Simmons, 2002), NOS 
in and of itself is a central component to teaching all science. Additionally, any 
changes in students’ ability to use SSI-contextualized  evidence-based reasoning 
could better be attributed to the interaction of NOS with SSI, rather than NOS alone. 
The teacher, who holds terminal degrees, taught all sections to control for variation in 
teacher attributes. Observations by researchers and extensive weekly journals helped 
to guide instructional decisions. An overview of the pedagogical approaches used 
with the two groups (i.e., comparison and treatment) is presented in Table 16.2.

We found Kolstø’s (2001) general framework of eight “content transcending” 
themes quite useful in guiding the scientific dimensions of contextualized SSI 
instruction. While we have described these themes in previous research (Zeidler 
et al., 2009), it is important to restate them here: (1) Science-in-the-making and 
the role of consensus in science; (2) science as one of several social domains; (3) 
descriptive and normative statements; (4) demands for underpinning evidence; 
(5) scientific models as context-bound; (6) scientific evidence; (7) suspension of 
belief; and (8) scrutinizing science-related knowledge claims. These themes pro-
vided a template that served as a pedagogical mind-set for the researchers, and 
especially for the classroom instructor. Therefore, we were mindful that both the 
SSI modules and the pedagogy incorporate elements of one or more of these 
themes, as they provided guidance for developing important scientific habits of 
mind. For example, during discussions, debates, or advancing oral position nar-
ratives, the teacher would constantly question students’ positions and demand 
that they provide supporting evidence for their claims. Statements like “I heard 
that…” or “My friend told me…” were forever banned from the students’ vocabu-
lary. He went further to challenge the veracity of the evidence students provided. 
It was interesting to observe how students eventually began to adopt these criteria 
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in reviewing their own work and when questioning one another. He provided 
opportunities for authentic inquiry investigations so students could engage in the 
activity of science, not as a fixed body of information, but as a process where 
people construct knowledge through collective understanding and examination of 
evidence. Avoiding dogma was achieved by encouraging the notion that students 
may question authority and think about the social perspectives under which 
knowledge claims were advanced. The work of Keefer (2003), Ratcliffe (1997), 
and Pedretti (2003) also informed our thinking in terms of ensuring the condi-
tions necessary to focus on argumentation and discourse.

We were further influenced by features related to the Reflective Judgment 
Model and its use in classrooms such as the use of evidence-based reasoning, con-
sideration of the role of authority, understanding the relationship between the role 
of knowledge and the status of epistemic beliefs (Baxter Magolda, 1999; Kegan, 
1994; King & Baxter Magolda, 1996; King & Kitchener, 1994, 2002, 2004). The 
congruence between these factors and the type and quality of reasoning and discus-
sion within the SSI framework are synergistic. In practice, the following strategies 
proved to be useful guideposts:

 1. Show respect for students’ assumptions, regardless of the developmental stage(s) 
they exhibit. Their assumptions are genuine, sincere reflections of their ways of 
making meaning, and are steps in a developmental progression. If students per-
ceive disrespect or lack of emotional support, they may be less willing to engage 
in challenging discussions or to take the intellectual and personal risks required 
for development.

 2. Discuss controversial, ill-structured issues with students throughout their educa-
tional activities, and make available resources that show the factual basis and 
lines of reasoning for several perspectives.

Table 16.2 Pedagogical framework for SSI study

Comparison group Treatment group

Approach Traditional Approach: content topics 
follow textbook chapter topics.

Socio-scientific Issues Approach: 
content-related course topics 
embedded with SSI.

Teaching 
methods

Lecture, lab, discussion of content-
related concepts, worksheets, 
predesigned lab activities.

Focus on argumentation and discourse, 
small group activities, role-play, and 
student research into SSI. Limited 
lectures and traditional labs.

Nature of 
science

Explicit activities and connections  
are made.

Explicit activities and connections are 
made.

Intended 
outcomes

Mastery of structure, function,  
and pathology of anatomical 
systems; more sophisticated  
views of NOS.

Improved critical thinking and decision-
making particularly in the context 
of SSI; engagement in scientific 
discourses; sociomoral development; 
content mastery; more sophisticated 
views of NOS.

Classes 2 classes: 1 regular and 1 honors 2 classes: 1 regular and 1 honors
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 3. Create many opportunities for students to analyze others’ points of view for their 
evidentiary adequacy and to develop and defend their own points of view about 
controversial issues.

 4. Teach students strategies for systematically gathering data, assessing the rele-
vance of the data, evaluating data sources, and making interpretive judgments 
based on the available data.

 5. Help students explicitly address issues of uncertainty in judgment-making and to 
examine their assumptions about knowledge and how it is gained (King & 
Kitchener, 2002, p. 55).

The units chosen for the SSI Project were designed to move students toward 
deeper understandings of scientific concepts and their application to SSI. The issues 
were carefully selected in a manner that aligned students’ interests with the course 
content embedded in the SSI, challenge core beliefs, and apply new content knowl-
edge to the appropriate scientific context in a manner that was personally relevant and 
meaningful. The treatment(s) was intentionally designed to consistently challenge 
deeply held core values by offering opportunities to confront and defend or reject new 
information. The curriculum included multiple activities that required participants to 
evaluate claims, analyze evidence and their sources, come to a decision on a personal 
position, make moral decisions, and present the information within a group of peers 
to negotiate a consensus opinion. Each SSI unit required between 3 and 7 days; how-
ever, content was reinforced and reiterated on multiple occasions. Topics ranged from 
organ transplant allocation, the safety of marijuana and fluoridated water, the moral-
ity of stem cell research and euthanasia, quality of life issues, fast food consumption, 
and other contemporary subjects that were socially relevant. The learning opportuni-
ties were carefully crafted so as to highlight the idea that scientific knowledge is 
theory-laden and socially and culturally constructed.

Teacher Transformation in a SSI World

Most importantly, each section began with a discussion or project of some SSI that they 
[students] resolved in groups of four, and then presented to the class… the content 
knowledge was extracted from these discussions, mostly from questions they had to 
clarify certain issues. They were using NOS references without realizing it and they 
have become aware of the relevance of science in their daily decision-making …. 
mostly, they learned that scientific knowledge is evolving and some of the empirical 
information is distinct for different groups of people. (Teacher’s Reflections during the 
Second Quarter)

Intervention

The SSI project was developed and designed to feature an issues-driven curriculum. 
Activities and investigations were intended to provide personal experiences that are 
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individually relevant and socially shared, while promoting enduring reasoning and 
decision-making skills. The goal for each unit was for the teacher to create oppor-
tunities for students to discover and acquire scientific content knowledge from an 
investigation of an SSI context. The motivating goal of the ten SSI units was to 
create activities that strategically directed students to essential subject matter con-
tent and concepts of anatomy and physiology. (Please refer to Appendix 1 to view 
all ten units). It should be noted that while the subject matter is narrowly defined, 
the contemporary application and moral implications of each unit could broadly 
connect to students’ daily decision-making.

In preparation for the design of individual units, we developed a design frame-
work to help inform this work. We used the design framework to explicitly highlight 
common elements to be introduced across all of the SSI based units, including the 
evolution of subject matter awareness and comprehension through contextual exami-
nation of corresponding social issues. This framework is presented in the outline 
below. We used this framework as a basic sequence for planning and implementing 
instructional activities but this list does not necessarily prescribe a fixed sequence. 
This issue highlights an important caveat to the presentation of the outline: following 
a prescribed sequence of steps is no path to assured success with SSI. It does take a 
flexible and insightful teacher to take advantage of opportunities when they arise and 
orchestrate these many components in creative ways to mesh with the moment, 
context, and students. The outline below provides a template of a typical SSI unit.

Development of an SSI Unit

 1. Topic/Subject Matter Introduction

a. Magazine headlines, articles, and advertisements
b. YouTube video presentation of controversy associated with subject matter
c. Photographs
d. Models
e. Other media formats

 2. Challenging Core Beliefs

a. Contentious questions that “attacks” commonly held beliefs
b. Challenging “Common knowledge” of subject matter
c. Misconceptions

 3. Formal Instruction

a. Anatomy
b. Physiology
c. Related science information

 4. Group Activity

a. Development of related, but unconventional topic/subject matter questions
b. Individual investigation of data and evidence
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c. Small group negotiation of evidence
d. Group presentation of consensus understanding

 5. Develop Contextual Questions

a. Fundamental science concepts of subject matter
b. Defeating misconceptions
c. Contemporary claims regarding subject matter

 6. Class Discussion

a. Evidence reliability of contemporary issues
b. Importance of specific knowledge for informal decision-making

 7. Teacher Reiteration of Content/Subject Matter

a. Essential learning of subject matter content
b. Purpose and relevance of specific knowledge
c. Application of content knowledge
d. Negotiating contemporary issues

 8. Knowledge and Reasoning Assessments

a. Group presentations
b. Posters
c. Argumentation/debate activities
d. Paper production of selected topics
e. Written tests of subject matter

A contextual example of the development of a particular SSI unit is provided to 
demonstrate how an SSI lesson plan for learning the digestive system for an anat-
omy and physiology course can be achieved. Specifically, investigation of popular 
diet plans and outrageous claims of weight loss from consuming exotic fruit (acai 
berries), taking diet pills, or wearing patches and creams can introduce specialized 
subject matter and engage a classroom of high school students to enthusiastically 
investigate esoteric science concepts. When confronted with Internet and tabloid 
advertisements that proclaim, “Lose weight without diet or exercise!”, “Lose 
weight permanently! Never diet again!” “Lose weight no matter how much you eat 
of your favorite foods!” or “Block the absorption of fat, carbs, or calories!” students 
were challenged to utilize knowledge, reasoning, and argumentation skills obtained 
in science classrooms to decipher physiological facts from science fiction. 
Following the template for a typical SSI unit is a detailed example to provide clarity 
to this unique pedagogy.

 1. Topic Introduction: magazine articles, advertisements, and headlines; 5 min 
YouTube video of subject matter controversy, photographs, models, or media 
format.

The development of a representative SSI lesson plan began with subject/topic 
introduction, engaging students with interesting demonstrations of recent maga-
zine or newspaper headlines, articles, and advertisements. Visual presentations of 
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subject matter controversy, such as YouTube and other Internet, photographs, 
models and other methods of capturing adolescent attention were used. We have 
realized that “more is better” when providing sufficient stimulus to encourage all 
students to become interested and engaged in learning new subject matter. Our 
introduction of science concepts, using contemporary issues related to the diges-
tive system included photographs of teenage and adult obesity and inquiry about 
the absence of pictures of an overweight elderly population. Determining student 
knowledge and “pre-conceptions” of the subject matter was determined by pos-
ing non-threatening inquiry, such as how to relate individual diet, and health, and 
the potential side effects of a fatty diet besides excess weight. The number of 
students involved in discussions and the conversation volume of the classroom is 
a reasonable method of determining the quality of the topic introduction.

 2. Challenge Core Beliefs with Contentious Questions.
A fundamental element of negotiating scientific issues is the extraction of 

content knowledge from the controversial context. In this regard, a focus on the 
“learning” of anatomy and physiology was adjusted to consider contentious SSI 
contexts related to the digestive system. Specifically, controversial questions 
were written on the white board for students to evaluate and reference during 
their continuing investigation and argumentation. The debatable claims were 
intended to challenge bias and misconceptions that form the basis for many core 
beliefs. Typical and customary questions included: “If someone deliberately 
consumes food they know is both harmful to their health and detrimental their 
future well-being, is that choice an immoral decision?” or “Should high fat 
foods be taxed, since their consumption affects health care costs for the general 
population?” or “Since more people die of heart disease than drug overdose, 
should fried foods be considered an endangerment to the community and there-
fore illegal?” The moral implications of the questions challenged students’ core 
beliefs and the varying responses enabled us to develop group activities, based 
upon “uninformed” responses.

 3. Formal Instruction
We recognized that formal instruction of anatomy and physiology of the 

digestive system (in this example) was necessary to provide students with a 
fundamental vocabulary of relevant structures and functions, which enabled 
better comprehension of information obtained through individual investigation. 
The anatomical structures of the digestive system and pathway of food move-
ment were demonstrated, with PowerPoint photographs and drawings of related 
organs, tissues, and cells. Students were reminded of the complementary rela-
tionship between structure and function, while tracing the peristaltic passage of 
food from the mouth to the anus. While it is beyond the scope of this chapter 
to include all of the instruction regarding mechanical and chemical digestion, 
peristalsis, absorption, and excretion, it should be noted that students need to 
be “reminded” that formal science knowledge and application is a necessary 
adjunct to intelligent argumentation and negotiation of evidence and data reli-
ability and validity. Students discovered that simple food selection requires 



290 D.L. Zeidler et al.

sophisticated knowledge of the digestive system. However, new knowledge was 
now anchored in more meaningful contexts so students could create conceptual 
understandings and better transfer concepts to novel situations.

 4. Construct Group Investigations and Presentations
Because SSI instruction requires student engagement and commitment to 

active discovery, individual and socially shared group activities must be utilized. 
Our construction of the activities included multi-tiered projects involving indi-
vidual investigation, evaluation of validity and reliability of evidence, group nego-
tiation of verifiable data, creation of knowledge displays and presentation 
materials, and group presentations. Reintroduction and presentation of conten-
tious popular claims related to the digestive system was stressed, to stimulate 
student interest. Typical group activities included:

a. Group #1: Why are my biceps small and my butt so big?
b. Group #2: How can I lose weight without dieting or exercising?
c. Group #3: Are my bad dietary habits an eating disorder?
d. Group #4: What are good, better and best diets?
e. Group #5: Why does older generally mean fatter?

The rationale for individual investigation and small group negotiation activi-
ties is based upon the recognized importance of developing and practicing skills 
related to evidence evaluation for reliability and accuracy. Science is ultimately 
an exercise in generating and testing new understandings particularly in light of 
misconceptions; therefore, group presentations were not intended to be amusing 
demonstrations, but synthesized instruction of the science related to the claims 
made and corresponding to the question posed.

 5. Develop Contextual Questions Directed Toward Content and Concept 
Discovery.

Subsequent to formal instruction, students were reintroduced to SSI, using 
less controversial, contextual inquiry, directly related to recent scientific instruc-
tion. Students are encouraged to investigate formal and practical aspects of the 
subject, with overtones of personal relevance. The formality of information is 
intended to promote inquiry of concepts and misconceptions. Contextual ques-
tions included:

How can you break down your cheeseburger into a molecular size so that 37 •	
trillion body cells can receive nutrients to survive (make ATP)?
What is the difference between digestion and indigestion?•	
Why does alcohol and medication rapidly enter the cardiovascular system?•	
How do food molecules enter the cardiovascular system?•	
What are the differences between carbohydrates, protein and fats?•	
What is a calorie and how many do I need?•	

The primary intention of questions like these was to encourage students to 
apply their informal reasoning skills and utilize their newly acquired knowledge 
to resolve contentious issues, evaluate evidence reliability and make informed 
decisions.
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 6. Class Discussion, Argumentation and Debate
An established method for promoting reasoning skills and winnowing concepts 

and misconceptions is argumentation around debatable themes. Further, a signifi-
cant component of SSI curriculum is realizing that decision-making is a moral 
exercise and a reflection of individual character. For high school students, the 
topic of morality connotes perceptions of personal behavior. For this reason, it was 
imperative that formal instruction included an opportunity for students to better 
understand that community living standards and relationships are based upon 
contemporary understanding of moral attitudes. Providing students with conten-
tious issues that confront moral dilemmas is an important part of the acquisition 
of formal knowledge. Teachers can find excellent sources of ethical controversy 
in newspapers, on television, and conversations with their students. SSI activities 
should encourage students to develop personal understanding and informed opin-
ions based upon reliable evidence. The cumulative purpose and goal of these 
activities is student maturation, character development and skillful negotiation of 
ethical dilemmas, as well as formal knowledge of the digestive system.

In a designed digestive system-SSI activity, several topical issues were pre-
sented as the topic for argumentation and debate. In the midst of our implemen-
tation, the case of Terri Schiavo became headline news in our area, and we used 
the case as a center-piece of debates and discussions within the digestive system 
unit. In 1990, Schiavo collapsed and fell into a persistent vegetative state for 
15 years. It was hypothesized that the initial condition was precipitated by a 
severe eating disorder that included frequent use of diet pills. The case gained 
national prominence when Shaivo’s husband petitioned the court for permission 
to remove her feeding tube. Shaivo’s parents strongly opposed this action and a 
legal and ethical battle ensued that involved the state and national supreme 
courts and the President of the United States. Ultimately, Schaivo’s feeding tube 
was removed and she died. The patient’s initial physical condition, her end of 
life condition and the pathology of her deteriorating digestive, cardiovascular 
and nervous systems provided a rich and compelling context for students to 
discuss physiological functions and connecting science to real-life events. Other 
topics that could be used in a similar fashion include:

Diets for Sale: Nutri-System, Jenny Craig, Weight Watchers, etc.•	
The Fast Food Highway to Cardiovascular Disease•	
Fat Tax for Unhealthy Foods•	
Health Care Penalties for Obesity•	
Involuntary Camps for Overweight Children•	

Students explored these topics (and others relevant to the other curricular 
topics) through investigations of media, Internet resources and interview activi-
ties. SSI curriculum provides opportunities for enhancing scientific literacy, 
with students translating their understanding of SSI subject matter to research 
and position papers. Historically, students have demonstrated an ability to learn 
and “store” large quantities of scientific information, yet struggle to apply con-
ceptual understanding to random claims, stated with authority. Internet search 
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engines provide an easy access to vast amounts of information and concepts that 
may or may not be valid. It is the further purpose of utilizing an SSI program of 
study that students are encouraged to learn and develop skills that will facilitate 
intelligent and prudent application of knowledge.

 7. Teacher: Final Instruction and Clarification of Concepts
At the completion of the SSI/subject matter unit, the teacher acted as a mod-

erator to revisit topics and clarify concepts, so students could confirm the 
understanding that science is innately organized and can be meaningful when 
understood in relation to the perception of their universe. The unit is best sum-
marized by explaining that knowledge of the digestive system, and organ sys-
tems in general, cannot be understood in isolation, but as pieces of an 
incomplete biologic puzzle. In a perfect classroom setting, teachers will con-
tinue to discuss the elements of the section as other subjects are introduced.

 8. Knowledge and Reasoning Assessments of Anatomy, Physiology and SSI related 
to the Digestive System

Public and private schools rely on number and letter grading systems to mea-
sure student ability, and SSI instruction and curriculum encourages practical and 
conceptual understanding of science in the “real world.” In these contexts, mea-
surement of empirical knowledge is standard. Student presentations, arguments, 
posters and evidence provided rich insights into student understandings—but 
assessment of these products can be subjective. Written examinations can be 
arguably objective, but neither traditional or performance assessments provide 
complete insight into a student’s ability to develop comprehensive understand-
ings of subject matter. We made a concerted effort to utilize process and product 
assessments, which included evaluating quality of evidence used to defend opin-
ions, the depth of understanding demonstrated in investigative papers, and stu-
dent ability to recognize the inherent value of considering opposing opinions. 
While individual perception is difficult to assess, student evaluation should 
include a measure of their awareness that content knowledge and reliable evi-
dence are fundamental building blocks in formulating well-measured stances. 
The definitive final examination occurred when students were confronted with 
controversial socioscientific issues that required understanding of empirical 
information and the skills of informal, moral reasoning.

Points of Consideration

Because SSI instruction often introduces issues with a moral dilemma, conflicting 
evidence, as well as multiple sources of evidence, teachers are expected to evaluate 
claims regarding the students’ sources of information. Adaptation to this new 
approach requires the teachers to transform their perception about being a singular 
source of knowledge and encourages students to make individual decisions, even 
when personal beliefs are mistaken for scientific concepts. Recent studies have dem-
onstrated that when SSI is presented in science pedagogy, students can handle con-
flicting evidence by drawing upon past experiences and combining them with new 
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information, to explain actions in a scientific context (Driver, Leach, Millar, & Scott, 
1996; Driver, Newton, & Osborne, 2000; Kolstø, 2001, 2006; Sadler, 2004; (Sadler, 
Klosterman, & Topcu, Chapter 21, this volume); Zeidler & Keefer, 2003; Zeidler & 
Sadler, 2008; Zeidler, Sadler, Simmons, & Howes, 2005; Zeidler et al., 2009).

Perhaps even more important is recognizing the significance of the transforma-
tive nature of classroom climate and culture. Under the SSI canopy, classroom 
management includes developing a relationship of trust where the students gain 
confidence in their ability to learn important science concepts. Creating a relation-
ship of trust with students is necessary when using designed activities that investi-
gate personal use of cigarettes, alcohol consumption, recreational drugs, and steroid 
abuse. The advantage of using this format was the ability to adjust the themes to 
accommodate both the academic abilities and interests of the students as well as the 
different science disciplines.

Using issues-based curriculum, teachers are compelled to reveal explicit nature 
of science connections by demonstrating that scientific knowledge is not absolute 
but forms as a result of social knowledge construction from argumentation and 
discourse. These new goals require deep epistemological conceptual shifts so 
teachers can transform their pedagogical orientation from being purveyors of sci-
entific knowledge to moderators and mediators of a classroom culture that mirrors 
society in which students are challenged to make informed scientific decisions and 
exercise moral reasoning.

And Now for Something Completely Different

They are having fun in class, taking notes without encouragement…. and best of all, their 
test grades are exceptionally good. Their ability to remember esoteric information has 
increased because the information makes sense to them. I constantly remind them that the 
earth is flat and that images are projected into the openings in the front of their eyes, like 
movies. They laugh because they understand that this is my “make sense epistemology.” 
They know that people (including scientists) create answers and theories to explain phe-
nomena, even when they are still unsure; because they have abandoned the excuse, “it must 
be magic.” (Teacher’s Reflections during the Third Quarter)

Outcomes and Discussion

SSI instruction is more than an instructional strategy. It can foster the development 
of content knowledge and a range of skills and dispositions, such as curiosity, prob-
lem solving, communication and collaboration skills, decision-making, and self-
directed learning. Instead of presenting a prefabricated lesson plan, teachers present 
science content through the introduction of open-ended and messy problems. 
Delivering science content is replaced with argumentation and discourse-based 
instruction, developing collaborative group, communication, and problem-solving 
skills. Convincing students that investigating and arguing issues related to real-world 
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problems or simulations of real-world problems that have more than one solution 
are effective methods of learning content knowledge that can best be accomplished 
by a teacher with confidence in the method, good presentation skills, understanding 
of performance-based assessment, and the willingness to transform roles from 
teacher-centered to student-focused.

We have previously reported on research outcomes associated with advances by 
students in reflective judgment and reasoning (Zeidler et al., 2009), moral sensitiv-
ity (Fowler, Zeidler, & Sadler, 2009), NOS (Walker & Zeidler, 2007) and embed-
ded content knowledge (Sadler & Zeidler, 2005). Here, we wish to present other 
facets of the research project more directly related to the pedagogical practice of 
SSI. Therefore, the scope of this chapter is intentionally limited to descriptive 
observations by the classroom teacher, in conjunction with two researchers, as 
students’ core beliefs about issues related to SSI topics were challenged. Students 
were constantly challenged to align their core beliefs with evidence supporting 
and/or opposing various perspectives related to socioscientific issues.

The teacher utilized multiple opportunities for noting daily responses and 
gradual changes in individual and class understandings of anatomy and physiology. 
Weekly discussions between the teacher and the two researchers served to identify 
and clarify observed trends in students’ behavior. During the course of the aca-
demic year, and at the end of the school year, the teacher and researchers collec-
tively identified and synthesized the main outcomes. Next, we offer descriptive 
indicators of each outcome with respect to the major factors competing with or 
facilitating students’ epistemological understanding of course content and SSI. 
Contextual pedagogical factors that impacted the quality of the classroom ecology 
were also identified and described in a similar manner.

Confronting Core Beliefs

Many deeply held beliefs about the world and scientific issues originate from the 
mistaken concept that we are separate from the source of knowledge and understand-
ing. Historically, science education has introduced scientific concepts and discover-
ies attached to the names of famous scientists. A long discussion could be inserted 
that describes the general home life of adolescents and their belief that they do not 
possess the necessary knowledge and experience to offer a valuable opinion. Parents 
and teachers convey the message directly or by subtle commentary that the voice of 
authority is reserved to a select group, without specifically addressing the knowledge 
and experience needed to enter the elite assembly. When underlying sources of sci-
ence information originate from hearsay and secular sources, or is a generalized 
proclamation handed down from the court of public opinion, students generally 
adopt the information as core belief because they do not have believable, conflicting 
evidence. Once embedded, even contradictory data rarely dislodge a core belief.

Throughout our project, students were capable of evaluating and synthesizing 
data. However, when SSI provided information that conflicted with their core beliefs, 
several interesting patterns emerged. These patterns are summarized in Table 16.3.
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Table 16.3 Factors identified when students beliefs were challenged

Major factor Outcomes Examples

Core belief 
persistence and 
discrepant data

Students often 
dismissed data 
(e.g., graphs, 
charts, and 
statistics) that 
were in conflict 
with their 
core beliefs or 
failed to meet 
the criteria 
of personal 
experience.

SSIa: Fluoridation of public water supplies.
The majority of students believed fluoride was 

harmful, ignoring substantial evidence that 
demonstrated 350 million people drank 
fluoride daily, without side effects or illness. 
An opposing article provided statements 
that indicated a possible link to cancers 
and dental disfigurement. The value of 
“potential” harm or negative consequences, 
even unsubstantiated, was more important 
than well-documented benefits.

Lack of critical 
reasoning

The perceived value 
and relevance of 
information was 
based upon its 
fit with personal 
experience(s).

SSI: Stem cell research.
Current media assertions by nonscientist 

“authorities” (government leaders) 
proclaimed that stem cell research was 
comparable to abortion. Without personal 
experience in areas of fallacious reasoning, 
the students reverted to fundamental, 
core beliefs and expressed a genuine fear 
of possible illegality and religious sin. 
In contrast, evidence of demonstrating 
the connection between unhealthy diets, 
smoking, and heart disease seems only 
remotely relevant.

Normative reasoning When students were 
compelled to  
defend their 
opinions to their 
respective group, 
the class, and to 
the teacher, they 
included their  
core beliefs 
and personal 
experiences in  
their defenses.

SSI: Animal rights and the use of animals for 
scientific research.

When students were forced to defend a position 
that was not parallel to their personal 
belief system, it provided an opportunity to 
challenge the credibility of their opinion, 
which had been developed entirely around 
the love of the family pet and nature-related 
television programs. Students struggled 
to develop arguments substantiated with 
evidence, demonstrating that science 
requires empirical data.

Reasoning with 
conflicting data

Students were  
generally  
surprised that 
reliable sources 
of scientific 
information at 
times provide 
conflicting claims 
and conclusions.

SSI: Legalization of marijuana.
In the activity regarding the safety or 

harmfulness of marijuana, conflicting 
evidence regarding the potential harm/
benefit of marijuana confused students but 
encouraged them to evaluate various sources 
of data and information from “authorities.”

aSSI refers to the issue which served as a context for the example listed
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Our observations of students on a day-to-day basis and over the course of an 
academic year confirm our position that prevailing cultural perceptions, particularly 
in the realm of SSI, may be understood as core beliefs. These perceptions reveal 
themselves as the prevalent beliefs that society (the general population) accepts as 
true, generally without reflection. Such perceptions form the basis of “socializa-
tion,” which only involves blind acquiescence to a social norm and does not entail 
any form of internal evaluation (Zeidler & Sadler, 2008). Many of these shared 
perceptions form the basis of human awareness. We observed students to be easily 
influenced by generalized information that was presented as authoritative, with 
little attention paid to the source of that information. (It is noteworthy that even 
conspiracy theories that have managed to reach print status inform students’ reac-
tions to, and reasoning about, many SSI.) We therefore found it to be extremely 
important to make the effort to teach students to question whether or not their intui-
tive (initial) responses were actually true and subsequently had them ascertain, 
question, examine data from varied sources, and, through active discourse, form 
judgments about the credibility of information relevant to the subject matter at 
hand. In this manner, the process of norm acquisition and the formation of judg-
ment in finding the fittingness of conduct to context can be allowed to reflectively 
develop (Green, 1999).

Confronting Contextual Factors

Contextual factors linked to teaching and learning scientific concepts interact not 
only with students’ learning characteristics, but also with understanding of princi-
ples as a group. When SSI were used as context, then the content became personally 
relevant and accessible to students. Table 16.4 summarizes the main outcomes 
observed as they related to contextual factors.

Students’ personal belief systems were, quite often, challenged while at the same 
time compatible science concepts, when contextualized in a manner that made sub-
ject matter personal and relevant, allowed students to frame their understanding of 
the content in more sophisticated ways. One of the most striking achievements 
across the class was the development of more mature attitudes toward the formation 
of consensus resolutions to dilemmas even when individual students’ personal 
beliefs conflicted with the decision of their respective groups. We found that the 
process of challenging deeply held, personal beliefs and, perhaps their subsequent 
rejection, is extremely difficult. Indeed, a great deal of anxiety can result in a class-
room where personal values are questioned. Thus, it was imperative that we estab-
lished a learning environment conducive to the safe expression and exploration of 
ideas and thoughts by individuals and groups. We made constant adjustments to the 
kinds of contextual factors that would ultimately convey a kind learning environment 
that valued open inquiry about SSI and independent thinking, one that presented a 
coherent and consistent experience for the learners, and one that sought to be self-
improving through processes of reflection, feedback, and critical inquiry.
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Table 16.4 Summary of main contextual outcomes for students using SSI

Major factor Outcomes Indicators

Evaluation of 
evidence and 
claims

Students’ ability to 
evaluate claims 
provided by media 
and other sources 
was improved when 
scientific concepts 
were related to 
relevant SSI.

Using the students own personal 
observations and experiences 
regarding the use and abuse 
of alcohol, difficult concepts, 
including the movement of the 
sodium potassium pump was 
learned because they “made sense” 
in the perspective of muscle and 
nerve failure.

Real-world relevance Students demonstrated 
improved understanding 
of scientific concepts 
when they were able to 
attach the concept(s) to 
relevant SSI.

The case of Terri Schiavo (termination 
of life support for a brain-dead 
person) provided the SSI  
background and an instruction 
opportunity to discuss the  
anatomical structure of the  
brain and the related physiology. 
Further, students were able to 
construct meaningful discussions  
on the various cultural “definitions” 
of life.

Understanding  
contextual 
interrelationships

When presented with 
contemporary SSI, 
students were able to 
transfer conceptual 
understanding from one 
context and apply to 
a new and/or different 
context.

Examination of the stem cell issue, 
diseases of the nervous and muscular 
system, the effect of smoking on 
respiratory tissue, osteoporosis 
and contagious diseases such 
as AIDS and influenza allowed 
students multiple opportunities to 
investigate cell structure and the 
driving principles of homeostasis. 
Students demonstrated a better 
understanding of complementarity 
and the relationship between form 
and function.

Role playing and 
Role reversal

Students were able 
to identify and 
manipulate key 
variables (component 
parts) within a specific 
context to understand 
the direct and indirect 
effect on related 
concepts.

Students participated in role-playing 
activities during investigations of 
SSI, such as organ allocation, animal 
rights, and the matter of marijuana 
safety. The random selection of roles 
allowed students to challenge and 
defend their beliefs, using evidence 
they considered reliable. The use of 
various forms of evidence over time 
improved their skills in evaluating 
conflicting information.
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Pedagogical Issues: Student-Centered Context

Moving SSI from theory to practice is essential in contemporary classrooms. 
Science education that includes SSI offer unique opportunities to challenge stu-
dents’ moral reasoning, and in the process, present concepts that seem to make 
sense because of their relevance and inherent interest. Consistently, the main com-
petition to understanding and coherence are core beliefs, pseudoscience, and lack 
of personal experience in moral decision-making. The challenge to science teachers 
is to allow students to discredit their own belief system by having opportunities to 
be able to formulate new perspectives. Our experiences have allowed us to identify 
several areas that are potentially problematic for students when engaging in SSI. 
Student impediments to success included:

Core beliefs•	
Scientific misconceptions•	
Lack of personal experiences•	
Lack of content knowledge•	
Underutilized scientific reasoning skills•	

In presenting this list, we do not mean to dissuade teachers from attempting an 
SSI approach. In fact, it is our position that insofar as students have such 
impediments, teachers have a responsibility to provide them with opportunities that 
challenge their personal belief systems about the social and natural world. Our 
experiences in the classroom over an academic year (along with other supporting 
studies previously cited) have revealed that the SSI approach fostered students’ 
conceptual understanding of course content as well as more sophisticated views of 
NOS, empathy, and reflective judgment. When science is embedded within current 
SSI, students become motivated to participate in discussion that presents multiple 
opportunities for engagement in activities that require understanding of scientific 
concepts and content. Students demonstrate a greater acceptance and understanding 
of requisite information when it is connected to a contemporary issue that has  
personal relevance.

While encouraging students to consider evidence-based alternative arguments 
is of primary importance, it is equally important that teachers who are interested 
in using debate or discussion-focused activities also consider the match between 
their own pedagogical expectations and the theory base guiding the research. For 
example, an effective teacher engaged in SSI would need to rely on research to 
better direct classroom debates through various lines of questioning (e.g. episte-
mological probes, issue-specific probes, role reversal probes, and moral reasoning 
probes). The importance of exposing students’ to discursive activities in the sci-
ence classroom cannot be overstated if our goal is to increase science literacy. Of 
course this cannot be accomplished without the development of teacher training 
programs that focus on the pedagogical techniques necessary to create content-
specific and NOS-embedded learning activities that emphasize discourse and 
debate. This requires that teachers become adept at guiding students in the process 
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of applying their understandings of the nature of science as they decide on and 
evaluate the worthiness of competing scientific claims. Strategies similar to our 
SSI approach are valuable in that they allows teachers to reveal and become famil-
iar with epistemological factors of students’ reasoning including possible scien-
tific misconceptions, moral reasoning, the ability to interpret and evaluate data, 
and fallacious reasoning.

Similarly, a teacher looking to the web for SSI fodder recognizes that Internet 
and issues-based learning activities can also be an invaluable resource in terms of 
exposing students to diverse perspectives on current scientific reports and claims. 
Again, current research can suggest important ideas to inform practice. With scaf-
folded learning interfaces (e.g. Walker & Zeidler, 2007), students can spend their 
time reading and evaluating the multiple perspectives of a given socioscientific 
issue instead of “surfing” through a plethora of sometimes misleading information. 
Of course, this requires that teachers invest the time up front to find both reliable 
as well as potentially unsound sources of scientific data and perspectives so stu-
dents may be confronted with mixed evidence and offered scaffolding as they learn 
to assess the validity of varied claims and data.

The Foresight of Hindsight

They discuss, argue, and question during each teaching and learning session. The rest of 
the semester will be dedicated to utilizing their new skills in handling various forms of 
evidence argumentation skills and learning to become better science students because they 
know that science is relevant to their lives. I wish we could discuss every question they 
have… (Teacher’s Reflections during the Last Quarter)

While school boards, administrators, and teachers are heatedly debating science 
curriculum and which science lesson plans make the best medicine, the students 
have been slipping into a classroom coma. Faculty and department meetings dis-
cuss methods of inoffensively introducing contentious topics, such as evolution, 
while failing to create lesson plans of arguable contemporary scientific issues that 
are personally relevant to high school students, including issues such as alcohol and 
drug use, smoking, and obesity. The issues are recognizable, but not as contexts for 
learning science concepts.

A major problem of education has been the inability of students to identify with 
the topics they are requested to learn; specifically, the science that does not have 
easily recognizable relevance. Given that students learn to use cell phones, comput-
ers, and iPods without instruction manuals because the content knowledge is useful 
and meaningful to them, it is not unrealistic to believe that students can also learn 
science concepts when they meet the same criteria. For individuals to comprehend 
unfamiliar concepts and materials, they need to create links to personal contexts. 
The SSI curriculum requires students to formulate claims and conclusions about 
controversial topics based upon an independent acquisition of information regard-
ing an assortment of socioscientific issues.
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What a teacher believes is the reality of their instruction. Creating the mantra of 
providing rigor and personal relevance in science classrooms is insufficient unless 
teachers possess pedagogical expertise concerning the investigation of socioscien-
tific issues context to discovering underlying scientific concepts. Encouraging stu-
dents to examine conflicting evidence, negotiate personal perspective, and challenge 
their core beliefs about contentious scientific topics is not currently considered 
standardized curriculum format and lesson planning. However, sociomoral dis-
course, argumentation, and debate have been clearly established as necessary ele-
ments in character development and decision-making ability and therefore should 
be essential components of science education (Fowler et al., 2009; Sadler, 2006; 
Zeidler & Sadler, 2008; Zeidler et al., 2009). It is also worth noting that recent 
academic and educational research has demonstrated the importance of connecting 
the teaching scientific concepts to contemporary relevance (Applebaum, Zeidler, & 
Chiodo, in press; Fensham, 2009; Ratcliffe & Millar, 2009; Sadler & Zeidler, 2009; 
Zohar & Nemet, 2002).

It is important to determine the conditions under which students best grasp the 
essential concepts of science. The requirements for those conditions, it has been 
argued and demonstrated, entail that the process of acquiring scientific knowl-
edge should include practices of discovery and learning, where students actively 
explore socioscientific issues. Current conversations covering the range of issues 
related to student learning are dramatically different from those of a decade ago. 
There is a growing national consensus that students should be able to think cre-
atively, work through seemingly ambiguous data, search for novel patterns of 
thought and tap multidisciplinary expertise (The Council on Competitiveness, 
2005; Narum, 2008; Zeidler & Sadler 2011.)

For preservice and practicing teachers, the realization that science education for 
many (most) students has included years of indoctrination, dogmatism or authoritari-
anism is a sobering epiphany. However, there is no place in science and, therefore, no 
place in science education for the protection of concepts and theories from criticism. 
The challenge for science teachers is to allow students to have personal experiences 
that do not immediately negate their belief systems; rather, the aim is to provide the 
conditions necessary to enable the development of a personal epistemology through 
continued exposure to, and interaction with, the nature of science and SSI. The use of 
argumentation and relevant SSI as a framework for science curricula is essential for 
enabling scientific concepts to enter students’ individual belief systems.

The customary process of acquiring scientific knowledge should include prac-
tices of discovery and learning, where students actively explore socioscientific 
issues. While this pedagogy requires students to become actively engaged in 
socially shared activities that “unearth” personal connections and relationships to 
contentious scientific topics, it is equally important that teachers possess the char-
acteristic leadership and teaching skills necessary for guiding students in their 
exploration and understanding of science. An aim of socioscientific issues curricu-
lum has been to transform both teachers’ and students’ epistemological beliefs 
about the process of learning science by engaging students in a social microcosm 
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where ethical negotiations of “real-world” problems and the use of scientific 
knowledge in their decision-making is a common occurrence.

Using personal and social issues as context for learning science and acquiring 
content knowledge is only a novel experience in school, since this is a common 
method of constructing science knowledge outside of classrooms. Research has 
demonstrated that SSI instruction can be successfully instituted in classrooms 
(Walker & Zeidler, 2007; Zeidler et al., 2009); however, this instruction requires 
teachers to first transform their pedagogical orientation from being purveyors of 
scientific knowledge to moderators and mediators of a classroom culture that mir-
rors society and requires individuals to make informed scientific decisions and 
exercise moral reasoning. Science has to be learned in school very much the same 
way that it is practiced out of school.

As an issues-based curriculum, SSI instruction requires teachers to provide 
activities that demonstrate scientific knowledge is not absolute, but forms as a result 
of social knowledge construction from argumentation and discourse. Curriculum 
and pedagogy transformation are evident when daily classroom activities require 
students to discover the personal relevance of science through problem-solving 
experiences; in particular, the extraction of content knowledge from contextually 
embedded investigations. It is noteworthy that the success of using SSI-based cur-
riculum is contingent upon redefining the role of the teacher and the responsibilities 
of the students. Teachers who include socioscientific issue inquiry in their lesson 
plans will discover their role is transformed from lecturer to mediator and modera-
tor; their focus will be to assist students develop skills in areas of argumentation 
and evidence evaluation. As part of the transformation process, teachers will 
become competent in areas of critical thinking, argument quality assessment, and 
discussing moral dilemmas.

Innovative pedagogy, such as an SSI curriculum, both challenges and compels 
science teachers to undergo a transformative process that includes, among other 
things, discarding antiquated teaching methods. The objective is for teachers to trans-
form their pedagogical focus and scientific epistemology so students can better 
understand how such knowledge is generated and validated (Abd-El-Khalick, 2006). 
Within the SSI framework, students are exposed to moral problems that involve a 
number of discrepant scientific, social or moral viewpoints, many of which may con-
flict with the student’s own closely held beliefs. Teachers need to transform their 
pedagogical orientation away from introducing science concepts through simple lec-
tures and reconfirming laboratory investigations; instead, teachers can create a class-
room environment where students can develop a meaningful understanding of 
scientific concepts in relationship to real-world circumstances. Deforestation, ecojus-
tice, global warming, viral pathogens, and personal fitness are significant topics; 
nevertheless, students (particularly middle and high school levels) tend to not regard 
these subjects as personally relevant because they do not instinctively understand that 
their lives are directly impacted (Mueller & Zeidler, 2010). A SSI framework allows 
for these personal connections to unfold by way of providing contexts that are organi-
cally connected to the students’ worldview. Traditionally, science classroom activities 
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rarely include opportunities to make personal decisions regarding contentious topics. 
Teachers must guide students through SSI activities so that they recognize the impor-
tance of informal reasoning in their daily decision-making.

Teachers who include socioscientific issue inquiry in their lesson plans will 
discover their role is transformed from a more traditional approach to a more pro-
gressive stance; their focus will be to assist students develop skills and habits of 
mind in areas of argumentation and evidence evaluation. As part of the transforma-
tion process, teachers will become competent in areas of critical thinking, argument 
quality assessment, and discussing moral dilemmas. Teacher transformation is fur-
ther evident as students are directed to discover the personal relevance of science 
through problem-solving experiences as in the extraction of content knowledge 
from an academic investigation of SSI context. Perhaps the truest metric of the suc-
cess of any classroom-based research project is that it survives after the researchers 
have left the classroom. SSI continues to be the driving pedagogy for this classroom 
teacher to date.



30316 Enacting a Socioscientific Issues Classroom: Transformative Transformations

Appendix 1. SSI Units, Scientific Contexts, Systems  
and Concept Relationships

Marijuana

Fluoride

Animal Rights

Alcohol

Organ
Allocation

Stem Cell
Research

Diet & Obesity

Cosmetic Surgery

Tobacco Second-
Hand Smoke

Vaccines
Flu

Pandemic

AIDS

Lung Disease

Heart Disease

Heart Disease

Gene Therapy

Treatment of
Disease

Kidney
Transplants

Heart
Transplants

Addiction

Liver Disease

Medical
Research

Pharmaceutical
testing

Dental Decay

Cancer

Medical
Benefits

Nervous
Lymphatic/

Immune

-Structure and physiology of brain
-Immune response to irritants and pathology

-Structure of bone cells
-Mineralization
-Etiology of dental decay

-Skin Reactions
-Immune response
-Testing methodologies

-Cell anatomy
-Mitosis
-Genetics and embryology

-Chemical digestion
-Heart cell anatomy/physiology
-Conversion of chemical to mechanical energy

-Alveolar anatomy/physiology
-Heart rate/blood pressure
-Cancer characteristics

-Antibodies & antigens
-Development of Vaccines
-Autism and side effects

-Structure of epithelial tissue and epidermis
-Eye anatomy and physiology

-Characteristics of living tissue
Cell & tissue physiology
-Criteria for organ transplants

-Impulse conduction
-Sodium-potassium pump
-Muscle cell structure/physiology
-Nephron structure

Skeletal
Digestive

Integumentary
Lymphatic/

Immune

Nervous
Muscular
Urinary

Cardiovascular
Urinary

Digestive
Cardiovascular

Muscular

Integumentary
Nervous
Muscular

Respiratory
Cardiovascular

Lymphatic/
Immune

Muscular
Reproductive

Nervous

Osteoporosis

Lasix Surgery

Botox &
Tattoos

Cholesterol

Scientific
Context

Systems
Involved

Science
Content &
Concepts

SSI

Socioscientific
Issues

Framework
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Eastwood: Together, the teacher and researcher were able to develop a thorough 
socio-scientific issues (SSI) curriculum building on science content and nature of 
science (NOS). The authors mention that the teacher in this study is unique in being 
willing to commit to such an endeavor. This type of instruction requires a teacher to 
have a high level of content mastery and confidence in teaching abilities. SSI instruc-
tion also requires the teacher to be knowledgeable of content far beyond the science 
text, reaching into current events, sociological or psychological perspectives, and 
even religious doctrine. Reading the teacher’s reflections gives me a sense of the 
transformations he went through and the great sense of value he saw in the results 
for his students. I am already a convert, so I cannot say whether these types of testi-
monies would encourage me to try an SSI curriculum as a science teacher. My ques-
tions relate to teacher recruitment and support. What do you think could encourage 
more teachers to incorporate SSI in their classrooms? Are there some teachers that 
simply should not try it? How should teachers learn an SSI teaching approach? 
Would you recommend professional development sessions, preservice teacher train-
ing, or resources for independent study? How important was the close teacher-
researcher relationship to enacting the SSI curriculum in this study?

Zeidler: I realize I am preaching to the choir as Jennifer is already a SSI convert. 
So while I do not need to provide her with additional research to lull her into the 
plethora of benefits associated with SSI pedagogy, or browbeat her into submission 
by advancing a deluge of tautologies that begin and end with SSI, I find I do need 
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to respond to several “down to earth” questions of practical importance. But I can 
only speak from my own experiences to best address these issues.

Teachers (particularly science teachers) are generally skeptical of anyone telling 
them what or how they ought to teach in their own classrooms. And well they 
should be. I have been fortunate to teach an advanced trends in science education 
course at the University of South Florida for a Master’s program and beginning 
Ph.D. students. I use this as an opportunity to introduce the research base in SSI 
and related concepts and have teachers who currently implement SSI in sustained 
ways in their science classrooms come in and demonstrate various strategies they 
have found to be successful in engaging their students. I do the same thing on a 
much more scaled down approach when I implement workshops for the public 
schools in my area. The bottom line is that the teachers need evidence of theory in 
terms of providing a justification of the SSI approach, empirical evidence of 
research as to the effectiveness of SSI on various fronts, and hear about the deeds 
of other classroom teachers who have successfully implemented this approach. 
I have found these three aspects to be “key ingredients” in bringing others on board. 
Once these three factors are in place, the likelihood of teachers moving toward a 
transformation that is authentically transformative (in the sense discussed in our 
chapter) is mightily increased.

Are there some teachers who should not try it? Yes. Most likely those teachers 
who should not be teaching in the first place!

Bell: I agree with Jennifer’s concerns about teacher recruitment and professional 
development. Implementing the SSI curriculum described in the chapter is no easy 
task. This is clear from the teacher’s personal reflections, as well as the description 
of the intervention and results. Not only is the teacher extraordinary in his back-
ground and abilities, the level of support he received is remarkable (and not likely 
scalable). This teacher had not one, but two experts in SSI working with him as 
often as on a daily basis. These experts helped with all aspects of the program, 
including planning, curriculum development, and implementation of the SSI cur-
riculum. This unusual (but powerful) relationship describes what I consider to be 
an ideal collaboration, and clearly all parties (including the students) benefitted. 
But it leads to an important question: To what degree can the success of the imple-
mentation be attributed to the SSI curriculum versus the level of collaboration/
coaching the teacher received? I can imagine other interventions that could result 
in similar success, should they be accompanied by such high degrees of collabora-
tion and support.

This is not to be taken as a criticism – at the very least the research summarized 
in the chapter can be taken as a best-case scenario. SSI implemented by an effective 
teacher with high levels of support from knowledgeable science education faculty 
can result in measureable improvements in teaching and learning. This is an impor-
tant finding in itself – if SSI does not work in such an ideal setting, then there is 
little hope for its success in more typical classroom and professional development 
contexts. Now that we have evidence of success in this ideal situation, it will be 
important to see how the authors’ curriculum and approach to professional develop-
ment transfers to other settings.
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Zeidler: It is true that the research we report is based on an extensive and intensive 
academic year experience with an unusually high degree of teacher support and col-
laboration by the researchers. But we need to be mindful that the purpose of the 
investigation we undertook was to examine if students could benefit in several impor-
tant ways from a fully integrated SSI curriculum – by whatever means it took to 
deliver it. Since this study was the first of its kind, we were interested in addressing 
certain empirical questions related to reflective judgment, NOS, empathy, etc. Our 
goal was not to throw the teacher in the classroom with SSI materials and see if he 
would sink or swim. So, Randy raises an important different empirical question con-
cerning how SSI would fare in a less than ideal-case classroom setting? At this time, 
I can only report dozens of anecdotal success stories from my own students who have 
gone on to implement SSI to varying degrees in a variety of classroom contexts and 
settings – from biology, earth and space science, chemistry, physics, and integrated 
science to elementary, middle, and high school levels with academically-challenged, 
average, and honors students. What evidence do I have to back these claims up? Trust 
me, I’m a doctor! (But be on the lookout for future conference paper presentations 
and articles that document some of these cases in the years to come.)

Sadler: I would like to shift the discussion to another issue associated with the 
extensive nature of this project. Most intervention studies in science education in 
general and certainly those that relate specifically to SSI interventions are based on 
single units. This study took place over a full academic year. Students were able to 
explore a series of SSI and build upon ideas and experiences over time. The 
research conducted under these circumstances documented significant student 
development in understandings of content, ideas about NOS, reflective judgment, 
and moral sensitivity. The fact that SSI was a consistent feature of the learning 
environment over such a long period of time certainly affected these results. 
However, it seems unlikely that most science teachers will be as willing to fully 
adopt the SSI framework as the teacher featured in this work. Most teachers like the 
idea of relating science teaching to socially-relevant issues and many are willing to 
try implementing a SSI-based unit, but very few are willing or able to restructure 
their courses such that SSI become a central organizing feature (Sadler, 
Amirshokoohi, Kazempour & Allspaw 2006). I am interested in hearing about what 
this group thinks in terms of how SSI ought to be featured in science education 
under ideal circumstances and what SSI advocates ought to promote given the current 
realities of schooling. In an ideal world, should SSI be the key feature of science 
education or should SSI-based instruction be balanced with other approaches and 
goals? In the real world, should our goal be to encourage the integration of at least 
some SSI in science classrooms or should we really push for more comprehensive 
approaches to SSI?

Zeidler: As I suggested earlier, I have found teachers generally accepting and 
quite enthusiastic about SSI when I supply three “key ingredients” – theory justifi-
cation for SSI, empirical evidence of research as to the effectiveness of SSI on vari-
ous fronts, and first-hand accounts from other classroom teachers who have 
successfully implemented this approach. Just last week, a graduate student stopped 
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me in the hallway and said “I’m sold on the SSI approach – but I am just worried 
about how I will do this with the administration breathing down my neck about 
covering the same material at the same time as the other teachers!” These are brute 
facts of the “real world.” Should I still encourage her to transform everything about 
her science teaching and follow a pure SSI agenda? Should I tell her to just do what 
she has to do to survive her first years of teaching? Or should I suggest a “blended 
approach” of integration of SSI where it makes the most sense?

Option two was never a real path for me to take. It could not be considered at 
all. Option one would have been my response in an ideal world. Of course, in 
option three, the blended approach retains the best features of what SSI has to 
offer in what is the “second-best case world.” There may be some teachers, who 
just cannot place themselves in a student-centered classroom where classroom 
management issues are fully tested. Their own ability to draw out connections 
from social and ethical issues back to the content at hand, confidence in having a 
wealth of experiential worldly knowledge to effectively navigate students through 
a maze of data, misinformation, and passions may be questioned. I am also well 
aware of the ineffectiveness of simply pointing out connections to social issues 
while teaching in a more conventional manner. This is why I have my students 
create SSI units plans that typically will last 3–5 days (sometimes more). This is 
somewhat of a more sustained approach and the lessons need not follow consecu-
tive classroom meetings. For example, in a 5-day unit plan, the parts of that unit 
could be extended over the duration of 2–3 weeks, depending on the nature of the 
SSI investigations and activities. These activities would be blended with other 
information gained from the more conventional pedagogy taking place in between 
those 5-day SSI-dedicated lessons.

Given the time it takes to create one effective SSI unit, it may be the only time 
they implement an SSI approach in the academic year. But as my students gain 
confidence, they add more units where it makes sense in subsequent years. They 
have found great success with this more common-sense real-world approach. 
Eventually, a few, like the teacher in our academic yearlong study, take the trans-
formative plunge to a full-blown SSI classroom!

Eastwood: I fully understand why teachers would be hesitant to take on SSI-based 
science classes. There are unending challenges as discussed, and integrating SSI 
throughout their courses can seem like a big risk, especially for new teachers. There 
are certainly advantages in incorporating SSI units into traditionally taught courses, 
and as Dana suggested, as teachers become more confident and refine their courses 
over the years, they can build in more.

Still my position is to encourage a comprehensive approach to SSI. I agree 
with Troy that the consistency of SSI was important to the success in this particu-
lar classroom. Creating a supportive environment where students are willing to 
express their ideas and make personal commitments takes time. Promoting epis-
temological development calls for a different type of pedagogy, acknowledging 
students’ capability to take positions on issues, connecting to students’ experi-
ence, promoting mutual knowledge construction and respect, creating opportu-
nities to explore different perspectives, and encouraging explanations of beliefs 
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(Baxter Magolda, 1999; King & Kitchener, 1994). SSI is unique in its many 
opportunities to create this type of learning environment.

Perhaps one possibility to support teachers in a comprehensive SSI approach 
would be interdisciplinary collaboration and team-teaching. This may be time-
intensive, labor-intensive, and difficult to manage, but it may alleviate teachers’ 
concerns about classroom management and being knowledgeable on all aspects of 
an issue. Collaboration between teachers could allow for deeper understandings of 
both science and social studies concepts in the context of particular issues. It has 
been done successfully in college classrooms (Chap. 6). I think there is potential for 
the approach to also work in kindergarten through twelfth grade (K-12) settings.

Sadler: I like how Dana laid out the basic options one could choose to address the 
challenge that I initially raised. We can encourage teachers to (1) adopt fully the 
SSI approach regardless of the challenges they may face, (2) bow to the immediate 
pressures of schools and classrooms and forget about implementing a SSI based 
approach, or (3) pursue a blended approach in which teachers try to slowly inte-
grate SSI in their instruction. As Dana suggests, option three makes a lot of sense. 
However, I would not necessarily advocate option three if teachers employing that 
option were not pushed to move beyond the development of single units. In my 
mind, the initial experiences implementing a SSI unit are most significant because 
they may support growth in the teachers’ comfort and confidence such that they 
become able to adopt more comprehensive strategies over time. My point is that if 
teachers only implement a single SSI unit over the course of the school year, then 
the impact on student learning and development will likely be very limited. The 
general (and ambitious) scientific literacy and citizenship aims of SSI-based edu-
cation will not be realized if students have opportunities to explore science in 
context once a year. But if teachers can use these more limited experiences to build 
expertise such that they become better able to provide more systematic SSI experi-
ences, then the goal of promoting scientific literacy and citizenship may actually 
be achieved.

Bell: I agree with Troy’s point that a single SSI unit is unlikely to have a lasting 
impact on students’ learning and development. However, teachers need to start 
somewhere, and developing a single unit is a logical place to start. My student 
teachers and I visited a local high school physics teacher who happens to be one of 
the most innovative teachers I have ever met. He has incorporated mastery learning, 
engineering design, self-created flash animations, and rocket science in his curricu-
lum, just to name a few of his projects. His efforts have paid off in that he has made 
physics one of the most popular courses in the school, and his students do very well, 
both in class and on standardized tests.

Of course, my students asked this teacher how he finds the time to develop all 
of these curricular innovations. He responded with some very good advice: “Focus 
your efforts on one, and only one, new thing every year. Doing so will mean that 
you are always growing and your curriculum is always improving. Furthermore, 
focusing on a single innovation will allow you to develop the depth necessary for 
effective curricular and pedagogical improvement without burning yourself out.”
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Applying the “one new thing” rule to SSI curriculum development, perhaps 
interested teachers could work on incorporating one SSI unit each year. Done stra-
tegically, it would not take long for SSI to become a theme that extends across the 
entire year. Even better, individual teachers might share their work with others who 
are motivated to incorporate SSI into their curricula in deep and meaningful ways. 
In this manner, SSI could become a major theme of science education across the 
school, district, and/or state.

Dana: My original “blended” response had to do with building the confidence of 
new teachers (or teachers wishing to try a new pedagogy) who worry about facing 
the brute realities of administrative obstacles (both perceived and real) that can 
seem overwhelming at first blush. I agree that a more sustained effort would obvi-
ously be necessary to achieve the kind of functional scientific literacy we have 
written about in other papers. However, I do think that first steps should be encour-
aged. Given time, these same teachers can be running SSI marathons!
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Introduction

Rationale

Internationally, an accepted aim of science education is to enable all students to 
develop a deeper understanding of the world around them, and to use their under-
standing of science to contribute to public debate and make informed and balanced 
decisions about scientific issues that impact their lives (see for example, American 
Association for the Advancement of Science, 2000; Millar & Osborne, 1998). In 
Australia, significant emphasis has been placed on the importance of scientific lit-
eracy in science education (Rennie, Goodrum, & Hackling, 2001; Tytler, 2007). All 
Australian State and Territory curriculum documents state that science education 
should aim to develop students’ scientific understandings, problem solving, and 
critical thinking skills related to science topics of importance in society. A high 
level of scientific literacy can help young people to question the claims of the 
scientific community and other stakeholders, weigh up evidence about science 
issues, and use critical thinking skills and their understanding of science to make 
informed and balanced decisions. More recently, the newly formed Australian 
Curriculum, Assessment and Reporting Authority (ACARA) has released guide-
lines for a national curriculum in science. The guidelines state that the Australian 
science curriculum must prepare students ‘who, as citizens in a global world need 
to make personal decisions on the basis of a scientific view of the world’ (National 
Curriculum Board, 2009, p. 4).

Thus, it is important that schools equip all young people with the knowledge, 
skills, and values needed to make informed personal decisions. Young people need 
to be able to pose questions, weigh up the risks and benefits of alternative solutions, 
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evaluate the integrity of evidence, and distinguish data from opinion. In short, 
young people need to be scientifically literate to make decisions about socioscien-
tific issues (SSI). Yet, despite these arguments, there have been few published 
Australian studies that describe or evaluate the implementation of SSI in science 
classrooms. Indeed, many teachers seem reluctant to include SSI in their teaching 
programs.

The explicit stated importance of SSI by education leaders coupled with a 
reluctance by classroom teachers to teach about SSI forms the backdrop for the 
study described in this chapter. The chapter provides a detailed description and 
evaluation of the implementation of SSI associated with reproduction and repro-
ductive technology. The research study is important for three reasons. First, the 
researcher (myself) has first-hand experience as a teacher-researcher who taught 
students about SSI in the context of human organ and tissue transplantation. 
Second, the content area for exploring SSI in this study is human reproduction. 
Third, the context for the research is a Grade 11 class in a Catholic girls’ school. 
Thus, religious beliefs and values are important considerations that impact on this 
study. Before introducing the teacher, Lillian, and her students, the significance of 
each of these factors is elaborated.

My Previous Research

I came to this study as a former biological science teacher with a professional 
background in medical research. My previous experience as a medical researcher 
and a science teacher had led me to believe that science teachers can play an impor-
tant role in equipping their students with the skills to make appropriate and well-
considered decisions about SSI.

Early in my educational research career I conducted an action research project 
where as a ‘teacher-researcher’ I developed, taught, and evaluated a Grade 10 
(14–15 year-old students) science unit on the topic of organ and tissue transplanta-
tion (Dawson, 1996). The research methodology employed in that study was based 
on a case study approach (Merriam, 2009). One of the main findings of the study 
was that the teaching strategies that seemed to be most effective in enabling stu-
dents to clarify, reflect critically on, and modify their bioethical values were those 
that were student-centred and underpinned by a constructivist epistemology. These 
teaching strategies (e.g. role plays and oral presentations) provided students with 
opportunities to discuss, question, and justify their own values and also listen to the 
views of others. The students were actively engaged in constructing their own 
understandings. However, the use of a student-centred teaching strategy does not 
guarantee success. The style of the teacher, the nature of the students and the 
dynamics of the classroom environment ultimately determine the learning out-
comes (Dawson & Taylor, 1998).
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Reproduction and SSI

Previous classroom-based studies on SSI have tended to focus on, obviously, 
contentious areas in science such as biotechnology (e.g. Dori, Tal, & Tsaushu, 
2003), genetics (e.g. Venville & Dawson, 2010; Zohar & Nemet, 2002), and envi-
ronmental and sustainability issues (e.g. Grace, 2009; Pedretti, 1999).

Human reproduction is an integral and largely uncontroversial part of biology 
curricula worldwide. In Australia, topics such as the structure and function of the 
male and female reproductive system, stages of the ovarian and menstrual cycle, 
gametogenesis, fertilisation, embryonic and foetal development, and birth are typi-
cally taught in secondary school science. Although birth control (contraception), 
sexually transmitted diseases (STDs), and genetic diseases may also be taught, the 
teaching usually occurs in a factual way with students memorising the advantages 
and disadvantages of different forms of contraception, the symptoms and treatment 
of STDs, and common genetic diseases.

If SSI are defined as scientific topics that are ‘based on scientific concepts or 
problems, controversial in nature, discussed in public outlets and frequently sub-
ject to political and social influences’ (Sadler & Zeidler, 2005, p. 113), then the 
topic of reproduction is replete with SSI. Modern reproductive technology began 
with the birth of Louise Brown, the world’s first test tube baby. In 1978, her birth 
caused a sensation (and consternation from religious organisations) when fertility 
specialists successfully performed in vitro fertilisation by extracting an egg, insert-
ing sperm in a petri dish, and implanting the embryo back into the mother’s uterus 
(Moreton, 2007).

Since that time, a range of reproductive technology procedures have become 
routinely available in Australia. These procedures are either fully covered or partly 
covered by Australia’s public health system (Medicare) and by private health insur-
ers. Reproductive procedures readily available in Australia include gamete intra-
fallopian transfer (GIFT), artificial insemination (AI), intrauterine insemination 
(IUI), in vitro fertilisation (IVF), zygote intra-fallopian transfer (ZIFT), intracyto-
plasmic sperm injection (ICSI), ova and sperm donation, and non-commercial 
surrogacy.

Part of the reason for the increased availability of reproductive technology pro-
cedures is increasing need. An increased incidence of STDs such as Chlamydia and 
increasing incidence of obesity has led to increased female infertility. It is estimated 
that one in ten couples are affected by infertility. One in thirty babies is born in 
Australia through IVF. The number of IVF babies is increasing partly because older 
women are having babies. The number of IVF babies born to mothers in their early 
thirties is also increasing. The reasons are that women are no longer waiting until 
they are in their late thirties to seek fertility treatment and the cost is partly covered 
by the public health system. Recent changes to legislation to allow single women 
and lesbians to undergo AI and IVF has also increased the pool of women accessing 
reproductive technology procedures.
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Preimplantation genetic testing (PGT) is available to individuals with private 
health insurance. Australian states and territories follow the National Health and 
Medical Research Council (NHMRC) guidelines where PGT is used to detect 
severe genetic conditions (e.g. cystic fibrosis, muscular dystrophy). Healthy 
embryos can then be implanted through ZIFT. The ZIFT process involves the trans-
fer of an embryo to the mother’s fallopian tubes where implantation can occur. PGT 
can also be used to select an embryo with a similar tissue type to a brother or sister 
(who may need a tissue or organ donor in the future). This procedure was the focus 
of the successful novel (and film), My Sister’s Keeper by Jodie Picoult (2004). 
Parents accessing PGT must undergo genetic counselling. PGT is not allowed to be 
used for sex selection (NHMRC, 2007).

With regard to contraception, all forms of contraception are widely available in 
Australia. Oral hormonal contraceptives are available by prescription. RU-486, 
which induces abortion, was banned until 2006 when it was reclassified as a 
‘restricted good’ and is available through registered hospitals and doctors. Although 
it can be used to induce an abortion up to 9 weeks gestation, it is not widely used. 
Abortion is legal in all states and territories to protect the health (including mental) 
of the mother. Thus, an unwanted pregnancy is sufficient grounds for an abortion. 
Early term (less than 14 weeks gestation) abortions are available through clinics 
and hospitals and costs are covered by Medicare. Consent of the father or parents 
(if person is a minor) is not required (De Crespigny & Savulesca, 2004).

Regardless of the legal status of the procedures described above, there is by no 
means universal community support. SSI associated with reproductive technology, 
contraception, surrogacy, and PGT appear regularly in the print and electronic 
media. Examples of issues include payment for surrogacy (not currently permitted), 
the availability of RU-486 and abortion, and availability of reproductive technology 
procedures to single, lesbian, older, and obese women. The use of abortion for 
‘minor’ abnormalities such as missing limbs and dwarfism, and the high cost of 
fertility treatment is also contentious.

The Catholic Church and Catholic Schooling in Australia

According to the most recent census, Roman Catholics comprise the most common 
religious affiliation in Australia with 26% of the population stating that they are 
Catholic (Australian Bureau of Statistics, 2006). This is partly because a significant 
proportion of early Australian immigrants were Irish Catholics. Since Europeans 
settled in Australia, the Catholic Church has provided a low cost, independent 
(nongovernment) education which includes religious education. The Catholic 
Church recommends that all Catholic children attend Catholic schools. In 2009, 
18% of Australian schools were designated as Catholic schools. It is estimated that 
more than half of the Catholic children in Australia attend Catholic schools (Dixon, 
2005; Potts, 2009). It is accepted (indeed expected by many parents) that children 
who attend a Catholic school receive a Catholic education. Religious education is 
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compulsory for all years of schooling and it is expected that all teachers uphold 
Catholic values and remind students of Catholic teachings on various topics. Fees 
are generally lower than other independent nongovernment schools and the inclu-
sion of education on morals and values is favoured by parents. Although many 
Catholic high schools do not exclude non-Catholics, priority is given to children 
who are Catholic and have attended a Catholic primary school.

Catholic Views of Reproductive Technology, Contraception,  
and Preimplantation Genetic Testing

While human reproduction is typically taught as part of Australian secondary school 
biology courses, reproductive technology and associated issues would be considered 
unusual topics in a Catholic school. When such topics are taught, it would be 
expected that students are also taught the Catholic perspective. Teaching reproduc-
tive technology is akin to the teaching of evolution in a conservative Christian school 
where intelligent design and creation science might also be taught.

With regard to contraception, the Catholic Church is opposed to all methods of 
artificial contraception (e.g. contraceptive pills, condoms, intrauterine devices, and 
diaphragms) on the basis that marital sexual intercourse is for reproduction only 
and using contraception is against ‘natural law’. However, natural methods of birth 
control including the rhythm method, temperature, and mucus patterns are allowed. 
Also, it is permissible for an unmarried woman to use the contraceptive pill to regu-
late her menstrual cycle.

The Catholic Church is opposed to abortion, regardless of the reason. Yet, PGT 
is allowed as long as there is no risk to the child or the mother. This is so that fami-
lies can prepare themselves and medical treatment may be commenced to early as 
possible. The Catholic Church permits medical investigations of infertility and 
surgical and hormonal treatment to restore ovarian or uterine function. Collection 
of sperm is only allowable through the use of a special permeable condom that is 
used during sexual intercourse. The only two reproductive technology procedures 
that are not opposed by the Catholic church are GIFT (a modification of IVF where 
the mother’s ova are placed in the fallopian tube with sperm from the husband) and 
intrauterine insemination where the husbands’ sperm is collected in a condom, 
washed to extract motile sperm, and injected into the uterus. In both of these pro-
cedures, fertilisation occurs in the fallopian tube or uterus.

Introducing Lillian

Lillian, an experienced biological science teacher at a Catholic girls’ school, and 
her 15 students are the focus of this research study. The study was conducted in a 
medium sized (850 students) girls’ Catholic school located in Western Australia. 
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Enrolment at the school is predominantly children who attended local Catholic 
primary schools in the same locality. The school caters to girls enrolled in Grades 
7–12 (11–17 years of age). About 20% of the students are boarders whose parents 
live in rural areas of Western Australia. According to national testing in literacy and 
numeracy, academically, the students attending the school can be considered to be 
average (ACARA, 2010).

Lillian initially completed a degree in botany and worked in the research field of 
plant genetics and tissue culture before becoming a teacher. She has taught at the 
school for 4 years. This study focuses on her teaching of a reproductive technology 
topic for 16 weeks in a grade 11 science course. The science course is intended for 
students who do not intend to go to university. In this course, students were intro-
duced to genetic diseases, aspects of reproductive technology (e.g. IVF and GIFT), 
contraception (e.g. abortion), and SSIs related to these topics. Lillian’s teaching 
goals were to increase her students’ understanding of reproductive technology, 
increase their awareness of ethical issues associated with reproductive technology, 
help them to appreciate the importance of the issues to themselves and society, and 
also understand that the issues are complex and not easily resolved.

Purpose of Research and Research Questions

The research reported here was part of a larger study that aimed to examine and 
evaluate the effectiveness of a range of learning activities utilised by secondary sci-
ence teachers who included SSI in their teaching programs. Lillian was one of three 
case study teachers who participated in the study. The findings from the other two 
teachers have been reported elsewhere (Dawson, 2010).

The research questions were addressed within an instrumental case study 
research design and underpinned by a constructivist theoretical framework. There 
were three research questions that guided the research design and three emergent 
research questions that were unique to Lillian’s case.***

Initial Research Question 1
To what extent is a caring and communicative relationship established between the 
researcher (myself) and the research participants?

Initial Research Question 2
What types of learning activities are selected by science teachers who are incorpo-
rating SSI into their teaching programs?

Initial Research Question 3
How effective are these learning activities in enabling students to reflect critically 
on, articulate, and justify their decisions about SSI?

The first research question relates to the ethics of the research process, an issue 
that I considered important enough to justify a separate question. The perspectives 
of Lillian and her students were crucial in data generation and interpretation. 
By establishing a trusting relationship and encouraging open communication, 



31918 A Case Study of the Impact of Introducing Socio-scientific Issues

I believe that I was better able to understand the research participants’ perspectives. 
In addition to the quality of data generated, I felt that I had a moral responsibility 
to create a meaningful, trusting, and mutually rewarding relationship. I adopted an 
ethic of care and empathy in my relationships with Lillian and her students 
(Noddings, 1984). Empathy is about reception, not projection (of my belief sys-
tems). Thus, I attempted to understand the participants’ points of view by listening 
to and valuing their views.

The method of addressing the other two initial research questions was descrip-
tive and based on ethnographic participant observation (Denzin & Lincoln, 2000). 
A learning activity is defined as any form of teacher-planned interaction that occurs 
with students in the classroom. Examples of learning activities included oral pre-
sentations, portfolios, role plays, debates, and library/Internet research. The imple-
mentation of the learning activities depended on the teaching strategies selected by 
the teachers and included group work, whole-class discussions, cooperative learn-
ing, and student-centred learning.

As the study progressed, several factors arose that were unique to this case study. 
These factors related to the overall purpose of the research (i.e. the impact of intro-
ducing SSI) but were not addressed by the initial research questions. Emergent 
research questions were developed to address these factors.

Emergent Research Question 1
To what extent did the teacher achieve her teaching goals related to the teaching 
of SSI?

Emergent Research Question 2
What effect does the reproduction course have on students’ attitudes toward 
science?

Emergent Research Question 3
From the multiple perspectives of the students, the teacher, and myself, what impact 
did the learning activities have on student learning?

Research Method

The research design was an instrumental case study (Merriam, 2009; Stake, 2000). 
A case study is an intense examination of a specific issue; in this case, the issue is 
the teaching of reproduction, reproductive technology, and associated SSI by a sci-
ence teacher in a Catholic girls’ school. There are many different types of case 
study designs used in qualitative research. Stake (2005) describes three types of 
case studies: intrinsic, instrumental, and collective. Intrinsic case studies are those 
in which the specific case is unique and it is not intended that the research findings 
be generalised or transferred to other environments. Collective or multiple case 
studies are those in which a number of cases about a particular situation or phenom-
ena are studied. The research presented here is an instrumental case study because 
the case ‘serves the purpose of illuminating a particular issue’ (Creswell, 2008, p. 476). 
Stake (2005) asserts that the selection of cases should be those that provide the 
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greatest opportunity to learn about the issue. Briefly, the researcher gathers as much 
data as possible about the research problem (the teaching of SSI) and then categor-
ises, analyses, and develops tentative hypotheses. This case study is descriptive and 
interpretive. The use of multiple data sources enabled triangulation and contributed 
to the trustworthiness of the findings.

Data Generation Methods

Data generation methods included participant observation, multiple interviews, 
open ended questionnaires, and reflective journal writing. These methods enhanced 
my understanding of the multiple perspectives of the research participants. Data 
generation and interpretation occurred in a cyclical fashion. Interpretation was 
informed by grounded theory methods (Strauss & Corbin, 1990) as I identified 
categories and themes within the data.

Participant Observation

Participant observation is an ethnographic method that is commonly used when 
attempting to understand what is happening in a particular environment, in this 
case, Lillian’s classroom. As a participant observer, I visited and observed Lillian, 
her students and the classroom environment. When observing in the classroom, I 
observed and recorded my perceptions of the classroom environment and the 
responses and emotions of the participants. Data collection was prolonged, and 
occurred over 16 weeks; I was unable to attend every class due to my own teaching 
commitments but participated in the classes twice a week (32 visits). Although the 
SSI component was explicitly taught in the last 5 weeks of the course, I felt I would 
gain a deeper understanding of the learning environment if I observed Lillian’s 
class throughout the entire reproduction topic (see Table 18.1 for an outline of the 
structure of the course). I believed that this would enable me to develop a caring 
and trustful relationship with Lillian and her students. It would also enable me to 
share with Lillian my ongoing perceptions and interpretations of the classroom 
environment.

Interviews

During the 16 weeks, I interviewed Lillian about her perceptions of the learning 
activities and students’ learning at the end of each lesson. The length of interviews 
varied from 20 to 90 min. The interviews were usually audio-taped and transcribed 
as soon as possible. Sometimes though, our interviews took place in an open staff 
room where the background noise was not conducive to audio taping. Thus, I took 
brief notes which I wrote up and added to the reflections recorded in my journal.
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The interviews were unstructured. I initiated teacher interviews with open-ended 
questions like ‘how did you feel about the lesson?’, ‘what do you think the students 
learnt?’, ‘would you do anything differently next time?’ I paraphrased Lillian’s 
responses to determine whether my understanding of what she said approximated 
what she intended. I encouraged Lillian to talk not only about what happened in the 
classroom but how she felt about what happened.

While observing Lillian’s class, I spoke informally with her students. I also 
conducted formal interviews with students on two separate occasions. Toward the 
middle of the reproductive technology topic, I interviewed all 15 students in the 
class. The purpose of this initial interview was to determine the students’ percep-
tions of the importance of the topic and also to ascertain what they expected to 
learn. A second interview of four students was conducted at the end of the course 
where I asked them to elaborate and explain their questionnaire responses 
(described below). In relation to the selection of these four students, I used a pur-
poseful sampling method (Patton, 1990) that allowed for maximum variation so as 
to perceive a wide range of students’ views. The student interviews were conducted 
individually.

Table 18.1 Outline of science course

Week Topic Activities

1–2 Sexual and asexual reproduction DVD
Mitosis Growing and preparing onion root tips
Meiosis Lilium anther slides

3 Plant vegetative propagation Techniques 
(cuttings, runners, bulbs, grafting)

Practical activities using different plants 
and techniques

Growing carrots and African Violets on 
agar

4 Plant sexual reproduction Dissection of flowers
Pollen tube growth in sugar solutionsFlower structure and reproduction
DVDs

Monocotyledon and dicotyledon seed 
structure and germination

Seed dissection and germination

5 Reproduction of vertebrates and  
invertebrates

DVD
Rat dissections
Raising tadpoles

Reproductive anatomy and life cycles Morphology of mice
6–10 Simple Mendelian genetics Breeding mice – F1, F2 and back crosses
11–13 Human reproduction DVD

Anatomy/physiology Worksheets
Contraception
STDs
Genetic diseases

14–16 SSIs DVD
Embryo testing Defining the terms
IVF Oral presentation
Genetic engineering
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Questionnaires

All 15 students completed two questionnaires at the end of their course to 
determine their perceptions of what they had learnt. One of the questionnaires 
contained open-ended questions and was designed to elicit information about the 
students’ perceptions of the learning activities, teaching style, course content, and 
learning outcomes. In the second questionnaire, students were asked open-ended 
questions about what they had learnt in the course and how the course had influ-
enced their views about issues. For example, students were asked, ‘what are the 
three most important things that you have learnt in this unit?’, and ‘Is this course 
different from your other science classes? Please explain.’

Personal Journal

A personal journal has been shown to be a useful tool in qualitative research to 
encourage critical reflection (Connelly & Clandinin, 1988; Holly, 1992). I used a 
personal journal throughout the research study. I used it for developing ideas and 
reflecting on the actions of myself and others. I also wrote my journal when analysing 
data, posing questions, and developing arguments for and against emergent hypoth-
eses. My use of journaling was consistent with Cooper’s (1991) suggestion that 
‘Journals allow us to examine our own experiences, to gain a fresh perspective, and 
by that means begin to transform the experience themselves’ (p. 99). The journal also 
helped me to hear and listen to my own voice. By seeing the written words on the 
page, the process of journal writing also assisted me in making explicit the personal 
values and beliefs that influenced my reflections and interpretations.

Constructivist Standards

In adopting a constructivist theoretical framework, the criteria used to guide the research 
process was based partly on those described by Guba and Lincoln (1989). They 
described a set of ‘parallel’ criteria for judging the quality of constructivist research. 
The criteria are based on trustworthiness and mirror the traditional standards of judging 
quantitative research (i.e. validity, reliability, and objectivity). The parallel trustworthi-
ness criteria are credibility, transferability, dependability, and confirmability.

Credibility is a measure of the extent to which the participants’ realities are faith-
fully portrayed. Credible reporting of the experiential realities of Lillian and her stu-
dents was ensured by prolonged engagement and persistent observation over a 16 week 
period. By spending an extended period of time in the research environment, coupled 
with sensitive and careful observations, I had an increased opportunity to become 
aware of and follow-up on patterns, trends, and relationships as they emerged.

Data generated by different techniques allowed triangulation and cross-checking 
of emergent hypotheses. This was coupled with negative case analysis as I searched 
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for disconfirming evidence of these hypotheses. The practice of peer debriefing, or 
talking to others unrelated to the research assisted in developing and discarding 
emergent hypotheses. I also maintained a record of my prior and existing construc-
tions about the environment and attempted to ensure that undue weight was not 
given to these a priori constructions.

The practice of member checking by seeking continual feedback from Lillian 
demonstrated not only that I valued and respected her interpretation but also that it 
was an effective means of checking, clarifying, and refining working hypotheses. 
This process of member checking occurred during the data generation phase and 
through the initial data analysis.

Transferability is the degree to which the research findings are applicable in 
other situations. In constructivist research, the onus is on the reader to make that 
decision to their context. In this study, transferability was optimised by the use of 
rich descriptions of the participants, events, and context. Thus, where relevant, 
comprehensive details are provided about the school environment, classroom envi-
ronment, characteristics of students, and curriculum content. Dependability and 
confirmability were maximised by extensive reporting of the data generation meth-
ods and interpretation so that the reader can link my interpretation to the original 
data, thus reducing the amount of personal bias.

Ethics in This Research Study

The issue of ethics is important in all qualitative research studies. In research under-
pinned by a constructivist approach, a consideration of values, and more specifi-
cally ethics, is paramount to ensure that the participants are treated with care and 
respect. Thus, attention to ethics was an especially crucial element in this research 
study. Throughout the study, I endeavoured to act in a way that respected the rights 
of all involved. That included myself, Lillian, her students and others who contrib-
uted to this study.

In formulating a guiding theoretical framework for this study, I was profoundly 
influenced by the work of Nel Noddings. I adopted Noddings’ (1984) caring ethics 
as a means of guiding and evaluating my actions in this study. Caring ethics is 
empathic, responsive, and concerned with relationships. I believed that I had an ethi-
cal responsibility to be receptive to the needs of the participants. I needed to empathise 
with Lillian and her students if we were to develop a relationship based on trust, care, 
honesty, and respect, that is, to listen actively, and offer support, encouragement, 
affirmation, and resources when required. Only then can a mutually beneficial, col-
laborative relationship develop. Noddings (1984) states that, ‘Caring involves step-
ping out of one’s personal frame of reference into the other’s’ (p. 24). Erikson (1986) 
agrees also that ‘a non-coercive, mutually rewarding relationship with key informants 
is essential if the researcher is to gain valid insights into the informant’s point of view’ 
(p. 142). The adoption of a caring ethic helped me to remain constantly alert to the 
feelings of the participants during the process of data generation and interpretation.
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Results

The first part of this section describes the context and structure of the science 
course, including Lillian’s teaching goals. Then, I outline how I developed a trusting 
and caring relationship with Lillian and her students (initial research question 1). 
Two vignettes that illustrate the type of learning activities in which students 
engaged are presented (initial research questions 2 and 3). I also address the three 
emergent research questions. After presenting the two vignettes, I describe the 
extent to which the learning activities enabled Lillian to achieve her teaching goals. 
Finally, the students’ perceptions about what they learnt are presented.

Context of Science Course

I first met Lillian when I ran a professional development workshop (on SSI in sci-
ence) for the Science Teachers’ Association of Western Australia. Lillian attended 
the session. She shared with the group her recent experience teaching Grade 11 
science students about SSI associated with reproductive technology. She felt she 
had not been overly successful partly because of the lack of suitable resources and 
also because of the limited academic ability of her students.

At the end of the workshop, I approached Lillian and asked her if she would be 
willing to participate in my research study. She agreed and the following year I 
organised regular visits to her class. Because Lillian taught in an all-girls Catholic 
school, I wanted to explore whether the teaching of SSI associated with reproduc-
tive technology would conflict with, or complement the religious teachings of the 
school. I asked Lillian how she approached reproductive technology procedures 
that are not permitted by the Catholic Church. For example, I asked her what stance 
she took on informing students about PGT and genetic counselling. Typically, one 
of the options discussed by genetic counsellors would be the possibility of an abor-
tion. She told me that, even though she is not a Catholic, she is a teacher in a 
Catholic school and therefore has a duty to ensure that the students are aware of the 
Catholic Church’s views on these issues. The Catholic perspective is that the pur-
pose of PGT is to enable the parents to prepare for the birth of their child and abor-
tion is not an option. In relation to methods of contraception, even though their use 
is not permitted by the Church, she believes that her students still need to under-
stand the procedures. Thus, when Lillian taught the students about various methods 
of contraception, including abortion, she stated clearly the Catholic perspective on 
abortion and other forms of contraception.

As the only teacher of the grade 11 science course at her school, Lillian had rela-
tive freedom to develop a teaching program to suit her students’ needs. In an early 
interview, I asked Lillian how she had decided on the scope and sequence of the 
course. She explained that she had endeavoured to teach a logical sequence. Rather 
than a linear sequence, she used a ‘spiral approach, gradually introducing more infor-
mation’ on the same topic. For example, at the start of the unit, Lillian obtained a pure 
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bred male black mouse and a pure bred female white mouse. The students were very 
excited by the arrival of the mice and willingly participated in a cleaning and feeding 
roster. Lillian used the mice to help students begin to understand the structure and 
function of sexual reproductive systems. The students observed and drew the external 
genitals. Sexual reproduction was reintroduced during the dissections of male and 
female rats. More information on sexual reproduction was supplied later, regarding 
the human reproductive organs. An understanding of reproduction led into inheri-
tance and genetics, gene and reproductive technologies and, finally, SSI.

Lillian deliberately introduced SSI at the conclusion of the course. She believed 
that students needed a thorough understanding of the topic of reproduction before 
they could examine SSI. When I asked Lillian whether she felt there were any 
advantages in leaving SSI until the end, she told me that the SSI were the ‘culmina-
tion of the course’. She believed that the students would not understand the issues 
if they were taught from a ‘position of ignorance’. Lillian stated that ‘otherwise 
their views will be naive and simplistic’.

Lillian’s Teaching Goals

Lillian believed that this course may be the last (and only opportunity) for her stu-
dents to become aware of issues associated with reproductive technology. She 
believed that some of her students may need to deal with fertility problems or 
genetic diseases either directly or indirectly. Thus, Lillian wanted to equip her stu-
dents with the knowledge and skills to understand how these issues impact them-
selves and society. She explained that:

My students will be voting in a year or two and it is important that they understand issues. 
They will not be continuing with science at university, so they need to be exposed to issues 
in science now. Explicitly teaching bioethics is important in the area of reproduction 
because the students ask ethical and moral questions. You can’t avoid the issues.

Lillian hoped that by introducing students to SSI, students could understand, for 
example, how it would feel to be pregnant with a child with a genetic disease. She 
explains:

I want students to understand that genetic diseases are more than words on paper. I want 
them to appreciate the anguish faced by a parent with a child who has a severe genetic 
disease. They can only address the ethical issues if they have some appreciation of the 
trauma involved.

Otherwise, she asserted, they would be unable to appreciate the seriousness of the 
situation. In her experience, students with little understanding tended to be naive or 
to adopt an inflexible stance. Lillian also told me that she wanted her students to 
appreciate the complexity of issues. She explained:

I wanted them to see there is no such thing as black and white. These issues, even though 
there might be morally right and morally wrong viewpoints, real life comes in shades of 
grey. If we are to live in a compassionate society, even though maybe this is not a morally 
right thing in some ethics book, it’s happened and what are we going to do? Are we going 
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to forgive them? Help them? What sort of choices do we have? They have to learn to cope 
with the grey. I want them to see that moral issues are a complex set of relationships and 
you cannot just say this is right and this is wrong. They have to learn to cope with that to 
see their way through it and not be simplistic.

Structure of Course

The reproduction part of the science course was taught over 16 weeks with 
4 × 45 min periods a week. The topics studied included plant, animal and human 
reproduction, contraception, genetics, genetic diseases, and reproductive technol-
ogy. Table 18.1 summarises the teaching program.

The final part of the course addressed SSI associated with reproductive technol-
ogy. Lillian began the section by showing the students a DVD about families that 
were affected by genetic disorders. In some instances, the parents were aware prior 
to the birth of an affected child and the DVD emphasised that it is the parents’ 
choice to decide. The importance of genetic counselling was discussed. The DVD 
made the point that a genetic disease was not always a catastrophe. At the end of 
the DVD, Lillian discussed with students how they might cope if they were the 
parents of such a child.

Students also watched and discussed a DVD about embryonic stem cell research. 
The DVD explained how embryos (14 days post fertilisation) are harvested and 
frozen for future fertility treatment and research purposes. The scientists believed 
it was ethical to experiment with embryos of one to four cells. The DVD raised a 
number of ethical questions which students debated in a whole-class discussion. 
For example, if an embryo has a genetic disease and is subsequently not implanted, 
is this abortion? If the parents die, who owns the embryos? What should happen to 
frozen embryos that are not used by parents? Is it ethical to harvest and freeze ova 
taken from the ovaries of a 16-week-old foetus.

Students also individually completed a research project. First, students con-
structed a glossary of terms including IVF, amniocentesis, genetic engineering, 
bioethics, muscular dystrophy, and eugenics. Students were required to research the 
definitions of the terms. The students then selected a reproduction issue from a 
predetermined list to examine in-depth. Each student prepared a 10 min talk which 
they presented to the rest of the class. Examples included diagnosis and treatment 
of sex-linked diseases such as haemophilia, IVF, and GIFT (including the Catholic 
perspective) and eugenics.

Establishing a Caring Relationship

In this section, I reflect on the extent to which I established a research relationship 
with Lillian that was based on care and respect (i.e. first initial research question). 
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In addition to a moral obligation, I believed that it was essential to establish a 
trusting relationship so that Lillian would be able to raise problematic issues with 
me as I visited her classroom and also as I shared my interpretations with her (i.e. 
member checks to enhance credibility). I have used excerpts from classroom 
observations and my personal journal to illustrate how our relationship developed 
and evolved.

The First Interview

Because I spent an extended period of time (4 months) with Lillian and her 
 students, I had the opportunity to establish and maintain a trusting and caring 
relationship. I found it relatively easy to establish rapport with Lillian, partly 
because we shared common interests and backgrounds. I had been a science 
teacher in a girls’ school with an interest in teaching SSI in science education and 
I empathised with the nature of the innovatory teaching that she was attempting 
to undertake in her class.

Like Lillian, I had also taught students with limited academic ability and was 
thus aware of the difficulties faced by those students when they are required to read 
and comprehend scientific information. Lillian and I also discovered that our 
employment history overlapped in that we had both tutored in the same subject 
(Cell Biology) in adjacent departments at the same university. We had also both 
worked in the same hospital laboratory, although at different times. The fact that we 
shared these common experiences meant that it was easier to begin to establish a 
trusting, communicative relationship. Overall, I found Lillian to be a warm and 
easy going person.

At the time I wrote in my journal:

I feel that Lillian and I have communicated well. We helped each other in our respective 
teaching by swapping resources and ideas. For example, Lillian has given me her drawings 
of the male and female reproductive systems and a copy of an assignment on sexual repro-
duction while I gave her an Internet assignment, a cloning, and some reproductive technol-
ogy resources. This mutual exchange of resources and sharing of ideas helps me, I believe, 
to demonstrate to Lillian that I value her. I was not there just to ‘get data’. I am willing to 
learn from Lillian.

Enhancing Credibility

In order to enhance credibility, I endeavoured to stay behind after each lesson not 
only to discuss with Lillian her perception of the lesson, partly for debriefing, but 
also to clarify my perceptions. At regular intervals, I gave Lillian my case record 
which contained interview details, journal extracts, and classroom observations. 
When I gave Lillian the notes that I had written about my first visit, I explained to 
her that there were two reasons for giving her what I had written. Firstly, it was 
important that she knew what I had written as I may have misinterpreted or not 
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explained fully the issues we had spoken about. Secondly, from an ethical perspec-
tive, it was important that Lillian had an opportunity to express her view point.

By seeking feedback, I was also able to reassure Lillian about her teaching. 
After 2 weeks I gave Lillian a copy of the case record to read and comment on. The 
following week, I asked Lillian what she thought of the case record. She replied, 
‘Yes, it was good, but strange to read. A mixture of verbatim conversation between 
us and also what the students had said’. I said that I was trying to record as com-
plete an account as possible of what was happening.

Raising Problematic Issues

I felt that by establishing a trusting and caring relationship, Lillian would be able 
to raise problematic issues with me. This did seem to be the case. The following 
extract from my journal relates to an incident where Lillian perceived that I wanted 
her to change the structure of the course.

Today, Lillian asked me what sort of time line I was envisaging in the study. “How flexible 
is your research?” she inquired. She explained that normally she would have taught the SSI 
component at the end of the course when the students understand reproduction, principles 
of genetics, and genetic diseases. She said that she was a little concerned as to how she was 
going to structure the course with so much happening.

She thought I was only interested in the SSI component of the course and that I wanted 
her to teach it at the start of the course. I reassured her it was not so. I said that I was inter-
ested in the context of the SSI section and that she should teach the course as she had 
planned. “Please,” I said. “Don’t adjust the course to suit me! Teach it the way you nor-
mally would. I am flexible. I would, however, like to visit your class regularly so that I can 
understand what the students have learnt during the whole course.”

“Oh, good.” she said. “I was worried that you wanted me to teach about SSI now.”
“No, no.” I replied. “Don’t change the course just to suit me.”

I think Lillian was reassured by our conversation. I was relieved that she had felt 
able to raise her concern with me because I certainly did not intend for her to feel 
pressured to change the course to suit me.

Reciprocal Assistance

After 2 weeks of sitting in Lillian’s class observing and writing notes, I asked her 
if she would mind me helping the students. This was partly to offer something in 
return for her extended invitation and also to engage the students in dialogue 
about their understanding of the topics covered. She replied that it would be 
‘great to have an extra pair of hands’. I was glad that Lillian did not feel threat-
ened about me assisting in her classroom. Even though the class is small (15 
students) the students seemed to benefit from the extra one-to-one assistance. 
Absenteeism was high and students found it difficult to stay on-task in student 
centred activities.
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Thus, when students were engaged in practical work, I frequently helped in class 
as the following classroom observation extract demonstrates.

Students are staining and observing root tips where some of the cells are undergoing 
mitosis.

Lillian holds up the microscope and shows the students the position of the coarse and 
fine focussing knobs and the objective lens. She asks the students to prepare a slide with 
the acid-softened root tips, add the dye, and look for chromosomes (“like worms”) in the 
center of the cell. The students, working in groups of two, quickly and efficiently prepare 
a slide.

I approach a pair of students and ask if they can see anything. ‘I don’t know.’ one 
replies. I ask if I can look. Under the microscope, I see many unstained rectangular 
shaped cells. I change the objective lens to high power and move the slide so that the 
edge of the root tips can be seen. I know from experience that this is where a single 
layer is most likely to be found and also that the stain will penetrate these outer cells 
first. I can see square cells with an orange nucleus and I suggest to the girls that they 
look around this area.

Lillian is occupied with students on the other side of the room. I move to an adjacent 
group. “Is it focused?” I ask. “Yes, I can see cells.” “May I look?” The student moves aside 
and through the lens I see five small air bubbles. I explain what they are and focus under 
high power. I find a group of four cells. I can see the chromosomes in one of them. I ask 
them both to look at the four square cells. I ask them both if they can see the round structure 
in the middle. “What is it?” I ask. “A nucleus.” “Are all four cells the same?” “No.” replies 
the student. “One of them has little lines in it.” “They are the chromosomes,” I explain. 
“They separate to each end of the nucleus.” I demonstrate it with my fingers. One of the 
student’s information sheets depicts the stages of mitosis. I show the students what 
stage the cell is at. Over the next 10 minutes, I help several more groups to focus on cells 
where chromosomes are visible.

Learning Activities

As described earlier, the final part of the science course was concerned with issues 
associated with reproductive technology. This section presents two vignettes com-
piled from classroom observations during the final part of the course. The purpose 
of the two vignettes, Defining the Terms and Oral Presentations, is to illustrate the 
types of learning activities that students engaged in.

Vignette One: Defining the Terms

For the previous four lessons, the students have been working in the library search-
ing for information to define and describe a range of terms associated with repro-
ductive technology and genetic diseases. Some of the terms provide background 
information (e.g. genome, foetus) while others raise ethical issues (e.g. eugenics, 
Human Genome Project).

During this activity, Lillian uses a whole-class question and answer discussion 
to go through the definitions. As each term is defined by a student, Lillian, if 
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 necessary, expands on the definition. She also asks questions to draw her students’ 
attention to issues associated with each procedure. For example, in an early part of 
the lesson, a student defines eugenics as ‘using genetics to improve the human 
race’. Lillian informs the students that eugenics was used in Europe during the first 
part of this century in an attempt to rid Europe of Jews, gypsies, and mentally inca-
pacitated individuals. Lillian asks the students, ‘what are the disadvantages of 
eugenics?’ Students reply. ‘Variation is needed for the survival of our species.’ 
‘Unethical.’ ‘Goes against human rights.’ ‘It’s not natural.’

Lillian continues with the list of terms asking individual students to read their 
definitions and asking questions related to the term. For much of this part of the 
activity, the students were very quiet with only four students responding with 
brief answers to Lillian’s questions about issues. However, toward the end of the 
second lesson, the term surrogacy is defined as ‘where another bears and then 
gives up the child who may or may not be genetically related’. Lillian shows the 
students a newspaper article where a woman had a child for her sister. The 
woman had tried using her sister’s ova and the husband’s sperm, but it was not 
successful so they used her own ova and the husband’s sperm. Thus, the child is 
genetically related to the surrogate mother. Lillian asks if there are any problems 
with this.

A number of students answer.

The mother may not want to give up the child.
The baby might find out.
You must tell the baby when it’s young.
They should involve the genetic mother in its upbringing.
It might be okay for related people, but may not be realistic.
There was a case in America where the woman was paid
The child needs to know in case they fall in love with a relative. They need to know or 

incest may occur and the chance of recessive diseases may increase.

The students are for the first time participating in a whole-class discussion. They 
appear to be animated and interested. At the end of this brief interchange, Lillian 
tells them that they have been talking about issues, about the ethics. They have been 
having an ethical discussion.

Vignette Two: Oral Presentations

After the students had defined the terms (in the vignette above), they were assigned 
a topic related to an aspect of reproductive technology or to genetic diseases. They 
were required to prepare a 10 min oral presentation, which they presented to their 
peers. Lillian assigned each student a topic from a prepared list of topics. The stu-
dents were provided with four lessons to search for information and prepare their 
oral presentation. The students used the library and the Internet. Lillian provided 
assistance as needed. In this vignette, several of the students are presenting their 
oral presentations. Jacquie was the first student in the class to give her presentation, 
while Rachel and Maria presented in the middle and Tanya was the final presenter. 
The descriptions of the oral presentations illustrate how the students in the class 
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gradually changed from a passive role to a more active one through asking and 
answering questions about SSI. The presentations occurred over six lessons.

Jacquie: Sex Linked Diseases

Jacquie appears to be nervous and reads her talk rapidly from written notes. She 
places an overhead transparency on the overhead projector. She states that Duchenne 
muscular dystrophy is a sex-linked disease, explains what this means, and why 
males inherit the disease while females are carriers. On the overhead transparency, 
she has a pedigree that shows how the recessive gene is inherited. The students are 
trying to copy the notes on the overhead transparency as she speaks. Jacquie realises 
this and pauses to let them write.

As the students were writing, Lillian initiated the following whole-class 
discussion:

Lillian: Are there any ethical issues?
Jacquie:  One issue is that scientists are spending time and money trying to 

understand the abnormal gene and finding a cure.
Lillian:  If you knew you had a history of muscular dystrophy, what issues 

would that raise?
Jacqui: Whether to get married or abort the baby.
Lillian: What would you do?
Jacquie: Not have children.
Lillian: What about the rest of the class?
Student 1: Get counselling.
Student 2: Get information so you know what you’re getting into.
Lillian: What would a counsellor do?
Student 1: Look at the family history and give advice.
Lillian:  What if the mother was already pregnant and had an antenatal test. 

How do you make up your mind about whether to have a baby?
(Students do not respond.)

In this first oral presentation, there is little interactive discussion. The students 
are copying down notes. Although Lillian uses questioning to attempt to engage the 
students in discussion, they are unwilling. No student asks the speaker a question 
or responds to another student’s comments.

Rachel: Surrogacy

On an overhead is the question ‘what is surrogacy? – an arrangement under which 
a woman agrees to bear a child for another person who cannot have a child of their 
own’. Rachel explains the difference between altruistic surrogacy between sisters 
or close friends and commercial surrogacy where the surrogate mother is paid.

Rachel concludes her presentation by outlining arguments in favour of surrogacy 
(i.e. the only method if other reproductive technology methods fail, child is really 
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wanted, and women should be free to use bodies how they wish) and against (i.e. 
deliberate creation of life, not natural, planned separation of child and birth mother 
at early stage of life is unnatural, and not all participants (e.g. relatives of surrogate) 
may agree).

When Rachel is asked by Lillian what she believes, she says that it is a personal 
decision and must be based on a person’s moral beliefs. However, she recognises 
that it offends some groups, as it puts women in the role of being reproductive 
incubators. A student asks, ‘what’s your personal opinion?’ Rachel replies, ‘It’s 
fine’. Lillian asks Rachel whether she would be a surrogate for a sister. Rachel 
responds that it would depend if she had her own children and on how old she was. 
Lillian asks her if she is aware of the Catholic Church’s view. Rachel says, ‘This is 
like playing God so they probably don’t agree’. Lillian tells her that she is correct. 
Lillian asks the class if they have any questions. No one does.

During this presentation, students are still unwilling or unable to engage in dis-
cussion although one student does ask Rachel for her opinion to which she answers, 
‘it’s fine’. Although provided with opportunities, students are still reluctant to ask 
questions or make comments. Although Lillian’s aim was for students to raise and 
discuss issues (which she stated explicitly), the students seem to perceive that the 
purpose of this activity is to listen and copy down notes.

Maria-Amniocentesis and Chorion Villus Sampling (CVS)

Maria begins her presentation by outlining some of the problems associated with 
chromosome abnormalities. She draws students’ attention to the overhead indicat-
ing the increasing risk of Down’s syndrome with age. She defines amniocentesis 
and CVS. ‘If children have a disability’, Maria asks, ‘is it right to terminate? It 
reduces our tolerance to disabilities. Are these tests of benefit or do they assist 
“perfect baby syndrome”. What do you think?’ Maria pauses to allow students to 
respond; some of their responses are captured below:

Student 1:  I don’t know if I want to say in public (long pause).
Lillian: Go on.
Student 1:  I think everyone over 43 should have an amnio., not for abortion but 

to prepare them.
Lillian: Should doctors tell their patients the sex of the foetus?
Student 2: The doctor has a responsibility to tell.
Student 3:  I reckon it’s the parent’s choice [to decide whether to have an 

abortion].
Lillian: Should the father have a say?
Student 4: The husband has as much right as the wife.
Student 5: The mother should have the final say.
Student 6: No, both.
Student 7: I don’t think anyone should be born with abnormalities.
Lillian: How do you decide if it is major problem?
Student 7: It’s a big responsibility. What if the baby were dumped in a home?



33318 A Case Study of the Impact of Introducing Socio-scientific Issues

Lillian: What if it was a Catholic hospital?
Student 8: Nothing would happen.

For the first time during the oral presentations, the students are talking and respond-
ing to each other’s comments. They are very animated, asking and answering each 
others’ questions. It seems that it has taken time for Lillian to help students realise that 
it is alright to ask questions and that they must be able to defend their views.

Tanya: Abortion

Tanya begins by defining abortion as ‘the ending of the foetus or embryo’. It may 
be ‘natural or induced’. She describes how abortion laws vary throughout the 
world. For example, India and China include abortion as part of their population 
control programme whereas in Ireland, an abortion may be performed only if the 
mother’s or baby’s life is in grave danger.

She outlines the different methods of abortion; curettage/vacuum aspiration in 
the first trimester, injection of a salt solution to kill the foetus followed by prosta-
glandins to induce premature labour in the second trimester, and RU-486, which 
may be used up to 9 weeks gestation. Tanya shows graphic photographs from web-
sites to illustrate the different procedures. She then initiates what becomes a lively 
exchange among the students and teacher.

Tanya:  In Australia, the average abortion is performed at 10 weeks. One day 
you may have to go against everything you believe, all that your fam-
ily and friends believe, and make a decision that could be murder.

Lillian:  What would a victim of rape in Ireland do? [Students do not respond.] 
Go to the United Kingdom. Who should decide the law?

Student 1: Government people.
Student 2: Why is it legal?
Lillian:  Because women were dying of ‘backyard’ abortions. Thus, it was 

legalised so it can be controlled and also to provide counselling.
Student 3:  It should be allowed because the mother might not care for it. I am 

personally against it, but it should be up to the person.
Student 4: It is not the same as killing a child.
Lillian:  What is the difference? [Student do not respond.] If it is done at seven 

months, the baby will feel pain.
Student 5:  [Presents a story about a baby who was born with a blocked oesophagus 

and could not be fed, so gradually died of starvation.]
Lillian: Which is kinder?
Student 6: Abortion. Not letting the baby suffer.
Student 7: If a baby has a major defect, it can be put up for adoption.
Lillian: It might be difficult if it has a major defect.
Student 7: It should still be offered.
Student 8: I agree if the mother is under 16 or the baby is deformed.
Student 7: The baby could have been put up for adoption.
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In this final presentation, the students freely engage in discussion and express a 
range of views. Lillian guides the discussion by asking questions and playing 
 devil’s advocate by presenting students with alternative scenarios.

Impact of the Learning Activities

The discussion in this section relates to the learning activities illustrated in the two 
vignettes and addresses the emergent research questions. That is, to what extent did 
Lillian achieve her teaching goals of increasing her students’ awareness of the 
complex ethical issues associated with reproductive technology and encouraging 
them to appreciate the impact of the technology on themselves and society? From 
the multiple perspectives of the students, the teacher and myself, what impact did 
the learning activities have on student learning and their attitude to science?

Lillian’s Perceptions of the Learning Activities

After Lillian had read the vignettes, I interviewed her about the learning activities 
described. I asked her why she selected the activities, and also the extent to which 
each activity contributed to her achieving her teaching goals. Lillian told me:

The first activity, [defining the terms], was an introductory activity, leading down the path 
to the issues. I wanted them to have an idea of what the words meant so that when we got 
into it they would realise what it was about.

By requiring the students to research the terms, she hoped that they would read 
beyond the definition. Even though Lillian could easily have told students the defi-
nitions, she believed that they would learn more if they found the meanings 
through their own reading. Thus, this activity indirectly addressed her articulated 
goals. The students were developing an understanding of the language of repro-
ductive technology that would allow them to engage in debate at a later stage. As 
Lillian explained:

I wanted them to have the background knowledge of what those terms meant so they could 
make a more informed choice about what areas to do research on. Otherwise they would 
tend to choose the words they knew already and avoid the words that looked harder because 
they did not know what they were.

Lillian believed that all of the students did learn what the terms meant. She based 
her belief on their ability to define and use the terms appropriately in their final 
written test and also during discussions.

Lillian told me that the second activity, the oral presentation was ‘the culmination, 
when they actually showed their understanding and what they got out of it’. She felt 
that investigating one topic in depth and giving an oral presentation on the issues 
made them think about their own values. Lillian felt she had begun to achieve her 
teaching goals during the oral presentation when ‘they all started talking over each 
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other’. She continued. ‘That’s what I wanted to happen. I wanted them to get interested 
and start bubbling over. Wanting to say, “I’ve got an opinion. I’ve got to tell you about 
it.” Rather than sitting and thinking, I don’t have an opinion. I don’t care. I don’t want 
to know’. My classroom observation notes (e.g. the second vignette above) agree with 
Lillian’s perception that the students became increasingly engaged toward the end of 
the oral presentation activity. They asked more questions of the presenter, responded 
to each other’s questions, and answered Lillian’s questions.

Lillian used the discussion after each oral presentation to increase the students’ 
awareness of the complexity of issues. She explained:

In the questions after each talk, I tried to give them scenarios to try and make them see that 
maybe this is not the best way to look at this case. Sometimes I played devil’s advocate and 
said the opposite of what I believed to challenge their point of view. They need to realise 
there are others out there with different points of views and they have a right to them.

Overall, Lillian felt she had achieved her teaching goals because of the way the stu-
dents answered her questions. Also in the final written test, Lillian included some of 
the same questions as those raised and discussed during the oral presentations. Lillian 
felt that when she marked the tests, most of the students ‘showed that they had lis-
tened and learnt. Not this is right or wrong, but that there are several answers’.

Students’ Perceptions of the Learning Activities

I interviewed the 15 students individually while they were researching the topic of their 
oral presentation (prior to the second vignette). I asked the students why their topic was 
important and what they hoped to learn. I was interested in whether their learning goals 
were similar to Lillian’s teaching goals. The three interview extracts from Amelia, 
Maria, and Jacquie were representative of the range of students’ responses.

Amelia was investigating the topic of bioethics. She told me:

It is about moral decisions and finding out about religious and other people’s views. 
I want to expand on what I know so that when it comes to making a decision I know 
what options I have. As a Catholic, I need to know what can and cannot be done. 
Reproduction has helped a bit because I can understand about some of the issues. Like 
abortion is killing. I know what abortion is, but I can think more about my attitude 
rather than just what it is.

Amelia seemed to want to know more about ethical issues so that if she needed 
to make a decision she would be aware of her choices. She also wanted to be aware 
of the views of others, including the Catholic Church.

Maria (whose talk was in the second vignette) investigated the screening tests of 
CVS and amniocentesis. She told me that it was important to learn about her topic 
because:

It is about what is happening right now. It is used by a lot of people. It is an issue today 
and I need to work out whether it is right or wrong. Abortion might be involved if the baby 
is abnormal. Other issues are producing the perfect child to produce a perfect race. And 
also fertile people may be picky or selfish. People have to think about whether to test or 
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not. I want to see different points of view, get stories from people who have had it. We need 
to learn about these issues because they come up in the news and we need to understand 
them. A lot of adults don’t know about these things.

Maria seemed to believe that her topic was important because amniocentesis and 
CVS are procedures that are available to at-risk mother during pregnancy. They raise 
issues that are relevant in our society. She felt, therefore, that she needed to be able 
to express her view point. She also wanted to be aware of the views of others.

Jacquie had been assigned the topic of sex linked diseases. She explained that 
her topic was important because:

One day, I will be a mother. I need to know what is happening and to be more aware. These 
topics are issues in today’s society. It is important to understand. We will be the future 
generation, politicians, etc. So, we will be making the decisions.

Jacquie felt that the topic was personally relevant because she may be affected 
herself. She also seemed to realise that reproductive technology issues are impor-
tant in our society now and in the future.

Overall, the students’ reasons for studying these topics seemed to relate either to 
being able to cope better if they experienced problems associated with reproduction 
(e.g. Amelia) or to a need to be aware of current advances in those areas so they can 
make decisions in the future (e.g. Maria and Jacquie). The students’ interview 
responses suggested that most of the students felt that they needed to know more 
about the procedures while a smaller proportion were concerned with the issues. 
The Catholic Church and religious beliefs were mentioned by several students. 
With these students, the emphasis seemed to be on doing what is ‘natural’. Some 
of the students expressed their own ethical values in those terms.

Students’ Perceptions of Their Learning

At the end of the course, students completed two questionnaires with open-ended 
questions where they were asked to comment on what they had learnt about science, 
ethics, and reproductive technology. In addition, four students were interviewed and 
asked to elaborate on their questionnaire responses. The questionnaire responses 
were combined into a single word file. The students’ responses were read and recur-
ring themes were noted. There were four areas or categories that were mentioned by 
most of the students. Using this grounded theory approach, the students’ written 
responses were grouped into four categories. The four categories were:

 1. An understanding of the topic of reproductive technology
 2. Impact of science on society
 3. Personal relevance of issues to themselves
 4. An awareness of ethical issues

The categories of ‘impact of science on society’ and ‘an awareness of ethical issues’ 
were classified into subgroups. The subgroups are described later in this section.

In this section, exemplars are provided to illustrate the range of students’ views.
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An Understanding of the Topic of Reproductive Technology

I learnt what happens if you want a baby and you can’t have one the normal way.•	
We have learnt about a lot of issues to do with human reproduction such as dis-•	
eases and sex linked disorders. Also methods of helping pregnancies and saving 
or ending lives.
The issues that affect everyone such as genetic diseases, types of diseases that •	
may affect people. I have also learnt what genetic engineering is.
I know a lot more about sex linked diseases and different forms of creating preg-•	
nancies. I also know that genetic counselling is available that will go into detail 
about these issues and help people make up their mind.
I learnt all about surrogacy and data about abortion and other topics. All about •	
genetic engineering and bioethics.

All of the students mentioned at least one of the topics presented in the oral 
presentation. The topic most frequently mentioned was abortion. Many students 
also outlined their views about a topic and supplied reasons. In order to understand 
the associated issues, students need to be familiar with the procedures used in 
reproductive technology. The learning activities used to promote an understanding 
of SSI also provided students with the opportunity to increase their knowledge 
about reproductive technology.

Impact of Science on Society

This category (impact of science on society) was further subdivided into those com-
ments which were considered to be positive, negative or neutral. Comments classi-
fied as positive related to the benefits of science or reproductive technology on 
peoples’ lives, while those classified as negative related to the risks and dangers of 
science or reproductive technology. Comments that recognised both the risks and 
benefits of science were classified as neutral.

The topic of reproductive technology seemed to challenge the students’ 
beliefs and attitudes about science. There were a wide range of views expressed 
by students about the impact of science on society. The number of positive, 
negative, and neutral comments expressed by students was about one-third each. 
However, negative comments were more vehement. The neutral comments indi-
cated that this group of students were aware of the benefits of science while also 
cautioning against the potential harm of scientific advances.

Positive comments included:

I now realise that science covers many different avenues and that science is a •	
major factor in our world.
Science is a major part of today’s society. Through science, our world is •	
developing hugely. Science is bringing us forward in the world.
People trust science to make major decisions e.g. on abortion.•	
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It is very helpful because you can work out cures for diseases and prevent •	
them from showing up in the first place.
I know that science is a major part of life that the society relies on everyday •	
to bring new theories.
I know that science can be used to help people suffering from genetic •	
diseases.

Neutral comments included:

There’s a right and wrong side in science and it’s so much more complicated •	
than I thought.
Science is developing ways to help infertile couples, but it may also be wrong •	
in ways such as eugenics.
We can use it to better the state of things, but we can unfortunately abuse it •	
as well.
That it can have advantages and disadvantages depending on one’s personal •	
and moral thoughts of the topic.

Negative comments included:

Messing with nature can be disastrous.•	
What the scientists are doing is wrong.•	
I realise that scientists really can get carried away with things. What happens •	
when things get out of hand?
I have learnt that science in our society is moving very fast, but I think that •	
before they start to make changes to the world they should consider every 
factor and I don’t think they are.
I believe we are playing God when it comes to genetic engineering and similar •	
because we are altering humans.
I believe that they are destroying nature and that they should maybe stop and •	
think about what they are doing before they go and stuff things up (e.g. 
genetic engineering).
I believe that most of the issues shouldn’t be done on humans. e.g. genetic •	
engineering is wrong to do on humans. It is not natural and we can’t all be 
perfect.

During classroom observations, Lillian did not explicitly state that reproduc-
tive technology was good or bad. However, during discussions, Lillian did inform 
students about some of the problems associated with the use of reproductive 
technology. Students’ religious beliefs might have contributed to their attitude. 
As mentioned previously, during interviews, several of the students stated that 
some of the procedures were not ‘natural’. Regardless of the students’ attitude to 
science (positive, negative or neutral) they were able to state a position, indicating 
that Lillian did achieve her goal of helping students to appreciate the impact of 
science on society.
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Personal Relevance of Issues to Themselves

Lillian had stated that one of her teaching goals was to help students reflect on how 
they would respond if faced with any of the reproductive technology procedures 
discussed in class. The written responses indicate that some students seemed to be 
aware that they may be personally affected.

The students’ responses included:

I have learnt about how all of the topics discussed could be appropriate to me or •	
the people around me, the options available and what I think about the issues so 
it can help me make up my mind. e.g. on abortion.
I have learnt about how to cope if we happen to have a Down’s syndrome baby •	
and what the symptoms of other diseases are.
It was more personal and relates more to personal experiences we might have in •	
later life.
By finding my own ethical and moral decisions to certain topics. Like with abor-•	
tion. I don’t think I would personally be able to have one, but I know people who 
have and now I don’t feel any different towards them.

An Awareness of Ethical Issues

Students’ comments related to aspects of ethics were numerous. Thus, the comments 
from this category were regrouped into four subcategories. The subcategories were

 1. An awareness that ethical issues exist
 2. The importance of using knowledge in decision making
 3. To be tolerant to views of others
 4. How to resolve ethical issues

The subcategories and examples of comments were

 1. An awareness that ethical issues exist

I have become aware of all the issues that society is faced with today and •	
what peoples’ beliefs and moral points of view are.
There are many issues on one simple topic.•	
I don’t know about any ethical issue before.•	
I think all students should be taught about this topic so they can come to a •	
decision if they are faced with an issue.
I researched bioethics and discovered the issues are so controversial.•	

 2. The importance of using knowledge in decision making

Using the knowledge I now have, I think it will be easier to make a •	
decision.
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I can decide better in what I believe since discussing these issues because I •	
now know the facts behind each issue and exactly what the issue is.
I can say or back up what I believe now concerning issues better with all the •	
facts influencing my beliefs.
I know a lot more about the issues that relate to genetics. Because I know •	
more information I find it easier to come to a decision on what I believe.
Now I know most of the information about a topic, I would be able to put •	
forward my opinion easier and more persuasively.
With these facts, it has helped me to change some viewpoints I once had and •	
to express what they are and how they differ.
I can express my view point because I know all the facts and situations about •	
these issues.

 3. To be tolerant to views of others

I believe everyone has a right to their opinion and other people should be •	
open-minded to these opinions and not turn against that person because of 
their view point.
Some people are narrow-minded – they should allow people to speak even if •	
it is not what they believe.
I think some classmates should learn to keep an open mind and not force their •	
beliefs on others. We listen to them. They should listen to us.
By this I learnt other people’s point of view and this made me think that in a •	
situation I will consider other’s beliefs.

 4. How to resolve ethical issues

Before, I wouldn’t have thought much, just said no. Now, I still would not •	
have an abortion, but I would think about it more. I would talk to my family. 
If I was raped, I would talk to as many people as possible to get information. 
I would think about the long term effects. It’s hard to make a decision.
I would deal with these issues by getting all the information possible and •	
doing some research. If necessary I would get genetic counselling and have 
peoples’ opinions open to me, but overall it would be my decision.
Listen to people’s views. Think what my view is about the issues. Then I’ll •	
make a true decision about the issues.
It has taught me to look at the advantages and disadvantages.•	
I’d find out all the facts about the issues, then find out if the Catholic Church •	
is against it or for it and then I’d find out people who have dealt with this 
issue and from them their opinion.
Well, if it was abortion, I would first look at the situation and weigh up other •	
issues involved.

There was a wide range of student comments related to reproductive technology 
issues. The types of comments suggested that most students were aware that issues 
exist and that their views may differ from their peers. They also seemed to be aware 
that to resolve ethical issues, they needed to collect and weigh up information and 
listen to the views of others.
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Conclusion

Discussion of Results

Lillian taught a reproduction topic in a Catholic girls’ school. The topic formed the 
second semester of a Grade 11 science course. Lillian is an experienced teacher, 
although this was only the second time that she had taught the reproductive technol-
ogy and SSI component of the course. The course comprised four lessons a week 
for 16 weeks with the SSI component covered in the final 4 weeks. The 15 students 
studying the course were academically weak with varying levels of motivation. 
I observed Lillian’s class over an extended period (4 months) which enabled me to 
develop a caring relationship with Lillian and her students. In relation to my pres-
ence in the classroom, when students were discussing their beliefs about emotive 
issues (e.g. abortion) they seemed very open and uninhibited. This was one of the 
benefits of visiting the class over an extended period of time.

Lillian was committed to the teaching of SSI. Her teaching goals were to prepare 
her students for the future when they may be faced with SSI associated with repro-
ductive technology. She wanted them to comprehend the complexity of issues and 
also to appreciate the impact of science, in particular reproductive technology, on 
society. She considered that the teaching of SSI was a central part of her science 
teaching role. She had deliberately chosen to modify her existing teaching pro-
grams to include SSI. Lillian persevered with an increased workload as she sought 
out or designed suitable learning activities for her students.

Lillian introduced SSI toward the end of the course. She considered that it was 
important for her students to have an understanding of the theory associated with 
the topic before they could fully appreciate the related issues. Reproductive tech-
nology has specific, complex, and technical aspects that students may not have been 
exposed to previously.

Lillian planned and implemented a series of learning activities that she felt 
would best address her goals. The SSI learning activities were student centred, 
requiring students to choose and research one reproductive technology topic 
in-depth to present to their peers in an oral presentation. Whole-class discussion 
formed a major part of all learning activities. However, despite a student-centred 
approach, Lillian maintained control of the discussion; that is, she initiated and 
guided classroom discussion. Lillian assessed ongoing student learning primarily 
through questioning during whole-class discussion.

In the first vignette, the students participated in a learning activity where they 
defined and discussed terms associated with reproductive technology. Thus, the 
students were introduced to the language of reproductive technology. Through 
questioning, Lillian introduced her students to some of the issues associated with 
reproductive technology. Early in this activity, the students seemed reluctant to 
participate. Only when asked directly would a student offer a definition. They 
answered Lillian’s questions about issues with brief responses. At this stage, the 
students did not augment their classmates’ definitions. Also, they did not engage in 
debate about the issues. My perception from observing the students’ behaviour 
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 during these lessons was that they seemed to perceive that the purpose of the 
learning activity was to check that their written definitions were correct, whereas 
Lillian’s aim was to use the definitions as a springboard to introduce issues. It was 
only toward the end of this activity that students started to become more actively 
involved through discussion.

In the second vignette, the students presented a talk on a topic that they had 
investigated. They had been informed that they would need to present and defend 
their views and also contribute to discussion following other students’ presenta-
tions. When students expressed extreme views, Lillian did not refute their com-
ments. Rather, she asked questions to encourage them to consider alternative 
viewpoints. Lillian also challenged students who offered simplistic answers by 
providing information to help them become more aware of the complexity of the 
situation. Through careful questioning, Lillian also encouraged students to reflect 
on how they would respond if they were in a problematic situation (e.g. abortion, 
surrogacy).

During the discussions that followed the student presentations, I noted that 
Lillian did not directly express her ethical values. On occasion, she would appear 
to be supporting a particular ethical stance, but when a student supported her com-
ment, she would adopt an alternative viewpoint and challenge that student’s views. 
Lillian always ensured that students were aware of the Catholic Church’s 
viewpoint.

Lillian selected learning activities that provided students with the opportunity to 
be active and interact collaboratively with their peers and the teacher. Most of the 
learning activities incorporated whole-class discussion. The teacher used resources, 
such as DVDs and newspaper articles to inform whole-class discussion. Although 
Lillian could have chosen to use small-group discussion as a teaching strategy she 
did not. I concur with her pedagogical decision. My observation of the students 
when they were engaged in practical group work early in the course was they were 
easily distracted when they were allowed to talk freely.

Evidence from this research suggests that a consideration of issues in science 
may influence students’ attitudes to the subject of science. In the other two cases in 
this research study (not reported here), many of the students indicated that examin-
ing SSI in science had modified their views of science and society and influenced 
positively their choice to continue studying science (Dawson, 2010). In contrast, 
Lillian’s students displayed a range of viewpoints about the impact of science on 
society. Their written comments suggested that science could be both harmful and 
beneficial. They seemed to recognise that the use of science has an impact on their 
lives and society. However, many of the students expressed their concerns about 
science ‘going too far’. In her teaching, Lillian continually adopted the role of 
devil’s advocate, alerting her students to the risks as well as the benefits of repro-
ductive technology.

The research findings suggested that through participation in the learning activi-
ties, Lillian’s students developed an increased understanding of reproductive tech-
nology procedures and associated issues. Most of the students seemed to be aware 
that in order to make a decision they needed to obtain information and then weigh 
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up the advantages and disadvantages. The students also realised that others may 
have different views and that they need to consider multiple perspectives. Finally, 
the students seemed to be aware that science has an impact on our society that may 
be beneficial and/or harmful.

Implications for Teaching and Research about SSI

From the research findings, it appears that the teacher’s beliefs about the pur-
pose of science education and their resultant teaching goals are crucial elements 
in the quality of SSI education. When introducing SSI, teachers need to believe 
that SSI are an important and worthwhile topic to teach. Teachers need to have 
clear pedagogical goals. In this case study, Lillian clearly expressed her teaching 
goals that students need to understand the science and ethical issues associated 
with reproductive technology and how science impacts on society. All of the 
students stated that they had learnt about the topic and their questionnaire com-
ments suggested that they did become aware of ethical issues and the impact of 
science on themselves and society. Clear teaching goals will influence the selec-
tion, timing, and implementation of learning activities. When selecting SSI 
learning activities, teachers need to be aware and tolerant of the variable cogni-
tive ability and ethical maturity of their students. Lillian understood that her 
students were unlikely to continue with science. Thus, she patiently imple-
mented learning activities where students could explore their beliefs and values. 
Lillian recognised that it takes time and substantial effort to negotiate and 
encourage reluctant learners to engage with SSI especially those students who 
do not like science or school.

The teacher should also endeavour to establish and maintain a safe and caring 
learning environment. Students need to be aware that they will not be ridiculed 
about their beliefs and values although they may be called upon to justify them. The 
articulation of values which are strongly held or different from those of their peers 
and society can be a threatening experience for students. Lillian adopted a caring 
approach throughout her teaching of the topic. Nevertheless, at times, she did play 
devil’s advocate and challenged her students so that they became aware of different 
perspectives. Students need sufficient time and appropriate resources to investigate 
issues associated with a topic. They need time to understand the scientific content 
as well as the ethical issues surrounding a topic. Lillian spent a total of 16 weeks 
teaching the topic of reproduction which included 3 weeks focussing explicitly on 
issues associated with reproductive technology.

In selecting learning activities, it is recommended that teachers should explicitly 
provide students with opportunities to understand that

(a) decision making is a process;
(b) SSI in the science curriculum do exist;
(c) a group of individuals will hold a wide range of beliefs and values about;
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(d) they need to listen to and respect the bioethical values of others;
(e) to resolve issues, they need to seek information;
(f) they need to provide sound reasons to justify their decisions.

Students need frequent opportunities to engage in learning activities where solu-
tions to complex ethical problems are produced collaboratively with their peers. 
This model approximates how decisions are made in our democratic society. One 
rarely makes an important ethical decision in isolation, relying solely on rules, 
without first seeking information and the views of those whom we respect and trust, 
be it family, friends, experts or church leaders.

In relation to qualitative case study research, when conducting prolonged class-
room-based research the researcher must make the time and effort to establish a 
rapport with the teacher and students. Classroom-based research requires a signifi-
cant commitment on the part of the teacher and students. It is important to consider 
(in advance, if possible) how one can contribute back to the school, teacher, and 
students. In this case study, I assisted the teacher and her students with practical 
work. This was possible because I was a science teacher who had taught the topic 
of reproduction to similar aged and ability students in a similar school type.
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Pedagogy for SSI

Brotman: Despite numerous links to complex SSI, the topic of reproduction has 
not been a frequent focus of SSI research. This chapter vividly illustrates the poten-
tial for topics related to reproduction to engage students in the kind of thinking 
promoted by the SSI movement. It was refreshing to see that students responded 
positively to the reproduction unit, and that it prompted them to become more 
aware of their own and others’ beliefs, to more deeply understand these issues, to 
see these issues as personally relevant, and to reflect upon the interplay between 
science, society, and ethics. I would like to further explore the question of what 
aspects of this reproduction unit made it largely successful, as well as what recom-
mendations for improving the unit the author and others might suggest. More specifi-
cally, I would like to raise questions about two aspects of the curriculum: the 
learning activities and the approach of the teacher.

The specific learning activities chosen to address reproduction issues (defining 
terms, oral presentations, whole-class discussion) raised several thoughts and ques-
tions for me. It was interesting to see how students’ engagement and involvement 
in the discussions around the oral presentations improved over time. It seemed that 
this shift was partially related to an adjustment to a new kind of classroom culture, 
where open-ended discussion was expected as opposed to diligent note-taking, as 
well as to students’ need for some time to get comfortable sharing beliefs and ideas 
about personal, contentious issues. I think these are both important issues for 
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teachers of SSI to consider. However, I also wondered whether additional structures 
might have been built into the activities themselves to trigger more debate and 
discussion from the outset. For instance, could the specific requirements/directions 
for the oral presentations have been articulated so as to trigger debate and discus-
sion more explicitly? Were there ways in which the teacher might have prepped 
students for the shift in classroom culture that addressing SSI often demands? What 
have we learned in relation to the benefits and drawbacks of these particular learning 
activities as ways to address SSI?

In terms of the approach of the teacher, I appreciated Vaille’s highlighting of 
the importance of Lillian’s “caring approach” as well as the need to establish a 
“safe and caring learning environment” when discussing sensitive issues such as 
these. What strategies or insights can we explicitly articulate from this chapter 
about how to go about doing this? How can we as a research and teacher education 
community better support teachers in developing this kind of caring approach and 
safe classroom environment?

Dawson: Jennie has raised some very good (and difficult) questions that have 
made me ponder what I learnt from this case study and what I have learnt since. In 
some ways I think that I am probably less certain about some aspects of teaching 
SSI than I was when I commenced research in this area. I have wondered whether 
more structure might have prompted students to engage in more debate and discus-
sion. This would have required explicit intervention from me which was not the 
intent of the research. In conducting professional development more recently I have 
provided explicit lesson plans to teachers. Many teachers in these sessions have 
gone on to use the materials but for some the lessons became contrived and had 
limited effectiveness. Alternatively, some of the experienced teachers with whom I 
have worked chose not to use the materials and facilitated effective discussions.

In the case of this particular research, Lillian was very sensitive to the needs of 
her students. Her 16-year-old students were attending a conservative Catholic 
girls’ school, and the topic of reproduction needed to be handled carefully. By 
keeping her activities relatively unstructured she was able to be responsive to their 
needs. The teacher was also finding her way. I think that if teachers need to take 
away anything from professional development on SSI it is to realize that it may be 
difficult and scary to change your teaching. Also, it may take longer to teach con-
tent. Students need to be receptive to change and a wide range of strategies; they 
need to be able to participate in group work and whole-class discussions. The type 
of SSI used needs to be in context. Finally, I think that the most important factor 
is the teacher!

Brotman: Vaille raises an important point about the possibility that lessons can 
become contrived and thus less effective with more structured plans, particularly 
those designed by others. And, it is interesting that Vaille found the less structured 
approach to make it possible for Lillian to respond to her students’ needs. In my 
work, I have also observed the powerful impact and critical role of a good teacher, 
particularly one that develops trusting, caring relationships with students, as it 
seems Lillian did.
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Mensah: I agree with the importance of teachers having some flexibility and less 
structure to teach, and how a “good teacher” is able to teach in ways that address the 
range of learning needs of her students. I also agree that good teachers should 
develop trusting, caring relationships with students. We cannot underestimate the 
significance of teacher-student relationships to promote an environment conducive 
to learning. However, I want to push the conversation in order to explore the role of 
the good teacher as social advocate. I mention this in the context of work that I do 
in preservice teacher education. I am also flexible in my teaching, accounting for the 
diversity of teacher candidates that enroll in my courses, and I develop trusting and 
caring relationships with them, yet I also assume the role of a social advocate trying 
to push my students’ thinking beyond their current perspectives (Mensah 2009). I 
think Lillian attempted to do the same acting as “devil’s advocate”, yet the girls were 
slow to speak but quick to listen. As teachers, how do you move students from com-
fortable places of listening—where the girls were completely engaged in writing 
notes as they listened to oral presentations—to engage in difficult dialogues? I know 
these are high school girls, but I am also challenged to engage teacher candidates in 
difficult dialogues pertaining to education, and in my secondary biology methods 
course, the same for addressing SSI issues in biology. I know this is challenging for 
teachers, but I also believe that difficult dialogues within classrooms will mirror and 
prepare students and teachers for “adult” and real-world conversations and debates 
that are sure to arise regarding SSI. It seems that SSI issues and understanding the 
complexity that comes from learning about multiple perspectives warrants more in 
the role of the teacher to be a social advocate or devil’s advocate. How might the 
teacher take up this role in the classroom and structure these moments in critical 
points in classroom conversation or debate?

Contexts for Teaching and Learning

Mensah: Context was also an integral part of this study and how the teacher and 
students learned about the topic of reproduction in an all girls Catholic school set-
ting. Context for so many researchers is often assumed, yet in this study, context 
was relevant in a myriad of ways. For example, I find it interesting that in an all 
girls Catholic school, the issue that was discussed most often in the oral presenta-
tions and on the questionnaire responses was abortion, and that gender issues did 
not seem to have as strong a focus during classroom oral presentations and ques-
tioning. Vaille stressed that the teacher highlighted the Catholic church’s viewpoint; 
yet, I was curious to know more about how the specific context of an all girls 
Catholic school setting influenced conversations about reproduction and abortion 
and values, beliefs and context. Lillian is a female, and I wondered why conversa-
tions about reproduction and gender issues were not addressed more explicitly. 
Therefore, as I consider context and the specifics of this study, I began to wonder 
about the role of our own values and beliefs as teachers (and researchers) and if/
how/why we neglect to include values in classroom discussions, particularly in our 
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discussions of SSI? And what do we neglect in the development of lessons and 
curriculum, whether SSI or not, that closes avenues for students and teachers to 
engage in pedagogical practices that allow for deeper conversations of the content 
and contexts that we are teaching and learning?

Decision-Making

Brotman: This chapter also prompted me to think about what we want students to 
understand about decision-making processes. In the chapter, decision-making is 
largely described as a process of using facts and information, including the multiple 
perspectives of others, to weigh the advantages and disadvantages regarding par-
ticular SSI in order to come to a decision. Students come to recognize the “impor-
tance of using knowledge in decision-making” (p. 339) and their questionnaire 
responses related to this topic highlight the significance of “know[ing] the facts” 
and having all the “information” about the issue. Their responses to “how to resolve 
ethical issues” also call attention to “getting all the information possible” and 
“look[ing] at the advantages and disadvantages” (p. 340).

Certainly, gathering information and multiple perspectives in order to weigh dif-
ferent sides of an issue are critical aspects of decision-making, and ones that we 
want to relay to students. But are there other, perhaps messier, aspects of decision-
making processes, or alternative models of thinking about decision-making that we 
might want students to also understand? For instance, people in the fields of cogni-
tive psychology and health behavior have questioned whether individuals making 
choices do in fact weigh pros and cons in a rational way in order to make decisions 
in real-life situations (Reyna & Farley, 2006). My own research has attempted to 
complicate how we think about decision-making by illustrating how sexual health 
decision-making is tied to issues of identity for high school students (Brotman, 
Mensah, & Lesko, 2010). I think Sadler and Zeidler’s (2005) study illustrating 
“rationalistic, emotive, and intuitive forms of informal reasoning” (p. 112) and how 
these forms interact in nuanced ways in relation to socioscientific decision-making 
provides further support for this perspective.

Vaille’s recommendations for teachers include teaching students about “decision-
making processes” and that “to resolve issues, they need to seek information” 
(p. 344). In addition to this important point, what else, if anything, do we want stu-
dents to understand about decision-making processes?

Dawson: I would like to emphasize that this case study was a naturalistic study 
where the teacher set the agenda and my role was as an observer and supportive 
critical friend. Thus I was not imposing an external intervention on Lillian and her 
students. This teacher and others I have worked with do prioritize the importance 
of having information and knowing the facts before a decision can be made. There 
are other factors related to decision-making which in professional development 
with teachers I would now emphasize. These factors include listening to and 
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 tolerating, if not respecting, the views of others (peers, teacher, and community); 
being aware of multiple perspectives; suspending judgment; being prepared to 
change one’s mind if presented with evidence; questioning the veracity of evidence; 
distinguishing evidence from opinion; realizing that making a personal decision 
may be difficult and time consuming; and being prepared to defend a decision 
with evidence.

Mensah: Vaille, these are very important factors in promoting decision-making 
and I would add also in promoting more inclusive learning environments. One 
major area that researchers and teachers fail to connect SSI with is multiculturalism, 
and I offer this connection to multiculturalism broadly to include culturally relevant 
teaching (Ladson-Billings, 1995). Though culturally relevant teaching is empha-
sized as a method of educating all students, I find similarities between decision-
making and culturally relevant teaching. Ladson-Billings presents three criteria for 
culturally relevant pedagogy: (a) Students must experience academic success; (b) 
Students must develop and/or maintain cultural competence; and (c) Students must 
develop a critical consciousness through which they challenge the status quo of the 
current social order. Vaille, I see a direct connection between issues you have raised 
in your chapter and the third criterion for culturally relevant teaching. I believe the 
idea of critical consciousness was evolving from Lillian and her students’ under-
standing of reproductive issues.

Ladson-Billings (1995) contends that culturally relevant teachers “engage in the 
world and others critically,” and in order to do this, “students must develop a broader 
sociopolitical consciousness that allows them to critique the cultural norms, values, 
mores, and institutions that produce and maintain social inequities” (p. 162). Here I 
see a strong and useful framework to assist teachers in becoming “good teachers” of 
students and helping students in the process of decision-making. If students come to 
understand that the process of schooling is not simply learning facts, but learning 
allows them to take facts and other information and situate it all within a larger 
sociopolitical framework, this will equip them to make adult decisions—decisions 
that are value-laden, emotional, political, and debatable.

Brotman: Decision-making often involves a strong emotional component, one that 
cannot always be supported with evidence. I would also argue that decision-making 
can be tied to how people see themselves, and how they want others to see them.  
I have been trying to understand the ways in which our relationships and interac-
tions with others and the world around us, including societal discourses around SSI, 
factor into our decision-making processes. These aspects of decision-making seem 
to me to be important for teachers to understand, as they highlight the potential 
complexity of decision-making as it may happen in the real-life scenarios we are 
aiming to prepare our students for.

Mensah: And the real-life scenarios for which we prepare our students to make 
decisions definitely require critical consciousness. What may be even more chal-
lenging is that teachers will have to be selective of topics and take a certain level of 
risk in their topic selection.
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SSI Topics

Dawson: There are many different SSI that may be selected by a teacher. Choosing 
a particular SSI topic will depend on many factors including the mandated curricu-
lum, interest and expertise of the teacher, students’ interests and age. In the case 
study described in this chapter, the teacher chose the topic of reproductive technol-
ogy, an area that is controversial in the context of a Catholic girls’ school where 
students must be made aware of the Catholic perspective. The content area of repro-
duction is of interest to 16-year-old girls. Also the teacher had a biology back-
ground and expert knowledge in the area. Reproductive technology is available in 
Australia but is expensive and is the subject of debate in the media. Issues around 
reproductive technology raise strong emotional responses from those affected by 
infertility. However, in some contexts, for example conservative Christian schools, 
boys’ schools or schools located in countries with less health care, the topic may 
not be considered appropriate. Thus, what criteria should be used when deciding on 
a topic? Are there some SSIs (perhaps climate change) that are universal?

Mensah: Teachers will select and teach topics that they have confidence in teach-
ing. Their decision-making regarding topic selection is very much related to self-
efficacy, content knowledge, and pedagogical content knowledge. However, should 
we treat all topics equally? How do we decide which topics to teach? Do we pay 
particular attention to those topics that have local interest yet global relevance? 
Because our world is increasingly becoming more accessible to issues of local, 
state, national, and global significance, how does a teacher, or a community, truly 
decide which SSI to teach in schools? For example, there are some issues that are 
under-addressed in the school curriculum, such as clean water or organic food pro-
duction. I recognize that the school curriculum is stressed—teachers are held 
accountable for teaching the “mandated” curriculum, yet how many learning oppor-
tunities are lost when topics that potentially have more far-reaching consequences 
on our understanding (i.e., local and global stability) are not considered to be part 
of the mandated curriculum?

Brotman: Vaille and Felicia highlight many of the criteria that I see as being criti-
cal for selecting appropriate SSI: alignment with the curriculum, teachers’ interests 
and comfort level, students’ interests, school and societal context, and prevalence 
of ongoing debate in the current media. In a related vein, some SSI might be par-
ticularly relevant locally, and may provide opportunities to reach out to local infor-
mal institutions and resources with the potential to enrich SSI curriculum through 
real-world connections. While certain issues might often fit these criteria and thus 
be frequently addressed in classrooms, like climate change, the above factors will 
always need to be considered in deciding on a topic. In particular, I think students’ 
interests and perceptions of the relevance of the issue to their lives are critical (as 
we saw in this chapter), and those interests will vary depending on the context.  
I would also argue that providing teachers with strategies for choosing SSI based 
on students’ interests would be a useful approach to explore.
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Over the last decade, interest in socio-scientific issues (SSI) as research themes and 
instructional contexts for science education has grown dramatically. During this 
period, science educators have presented several articles and chapters that outline 
the conceptual and theoretical dimensions of this emerging field (e.g., Hodson, 
2003; Sadler & Zeidler, 2009; Zeidler & Keefer, 2003; Zeidler, Sadler, Simmons & 
Howes, 2005). Scholars working in this area have also conducted a fair amount of 
research addressing a wide range of questions making use of various methodologies 
including correlational analyses, quasi-experimentally designed quantitative stud-
ies, case studies, and grounded theory. Much of this research has been reviewed and 
synthesized elsewhere (Bennett, Lubben & Hogarth, 2007; Sadler, 2004; 2009). 
These contributions provide an important backdrop for the development of this 
volume.

In this volume, the chapter authors, metalogue contributors, and I have attempted 
to draw from established frameworks for SSI-based education and build from the 
base of empirical literature to push the field forward and offer new insights. In 
framing the overall book project, we decided to focus explicitly on classroom-based 
projects featuring SSI. While research into other aspects of SSI is certainly impor-
tant, many of the most pressing questions for advancing the SSI agenda are best 
explored in classrooms. In creating this volume, we have drawn together a diverse 
array of classroom-based SSI investigations. This assemblage of projects and the 
conversations associated with their presentation has potential to inform the SSI 
research base, generate new questions for advancing the SSI agenda, and offer new 
insights for educators looking to implement SSI-based education.
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Synthesis of Research

Detailed accounts of the research questions explored, the methods employed, and 
the findings produced are embedded throughout the chapters. My intent here, in this 
final chapter, is to briefly highlight some of the themes that emerged across 
chapters.

Varying Contexts

The projects featured in this volume provide evidence of the potential of SSI-based 
education across a wide range of settings including diverse national contexts 
(Australia, Cyprus, Hong Kong, Israel, Spain, the United Kingdom, and the United 
States). These projects also showcase an extensive range of learner audience in 
terms of age. Evagorou reports on work done with upper elementary learners, and 
Eastwood, Schegel, and Cook describe a program for university undergraduates. 
The seven other projects are situated in various secondary contexts. This tells us 
that SSI can be used productively with learners spanning broad age ranges, but it 
does not answer the question of what is the lower age boundary for productive use 
of SSI education. In the Foreword, Aikenhead suggests sixth grade as a lower limit, 
and Evagorou, who worked with students as young as 10 years old expressed some 
concerns regarding the effectiveness of SSI approaches with younger audiences. In 
one of his metalogue posts, Zeidler mentions having worked with elementary edu-
cators, so it may be possible to extend SSI audiences, but we lack strong evidence 
for where the boundaries should be set and what criteria should be used in estab-
lishing these boundaries.

Issues and Approaches

The projects discussed throughout the volume feature a wide variety of SSI. Topics 
include issues related to using science and technology to enhance human perfor-
mance, public policy issues such as the fluoridation of water supplies, reproductive 
issues, and various diseases such as cystic fibrosis, SARS, and AIDS. Some proj-
ects focused on scientific controversies with important social implications such as 
biological determinism and the cause of AIDS. Finally, several studies featured 
learner exploration of local and/or global environmental issues including water 
quality, air quality, and climate change. This list of issues may not be particularly 
useful in and of itself, but some of the discussions that emerged around issue selec-
tion and affordances are important in terms of identifying what makes a good SSI 
for instructional purposes.

One of the most critical issue attributes is relevance and interest to the students. 
It is essential to engage students in issues that they find inherently interesting or that 
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the students may come to see as relevant and interesting. Potential connections to 
science and the ability to draw these connections out in classroom settings are also 
very important. An issue may be technically classified as a SSI-based on some 
operationalized definition, but if teachers and students cannot locate the science 
behind the issue, then it cannot serve as an effective context for science education. 
It is also very helpful if students and teachers can access the ethical tensions under-
lying a particular SSI. It tends to be these ethically contentious aspects of SSI that 
are most interesting and can generate the most meaningful engagement among 
learners. These three points are not new to the field; other authors have made these 
points. But there was one novel consideration related to issue attributes that was 
raised in one of the metalogue discussions (Wong, Zeidler, & Klosterman). In this 
discussion, the contributors considered the use of actual SSI cases and how infor-
mation about the historical outcomes of these issues necessarily shapes the use of 
those issues. This line of thought presents interesting challenges for the use of 
issues that are constantly evolving. It is generally agreed among the SSI community 
that SSI are open-ended and unresolved, but it is entirely possible that some issues 
become effectively resolved because of scientific or technological advancement or 
policy enactment. Therefore, the use of a particular issue in educational contexts 
will necessarily shift as the issue itself evolves.

Another dimension of variance observed across the chapters relates to instruc-
tional approaches. The teachers and researchers showcased in this work used a wide 
range of pedagogical strategies in order to engage their learners in SSI. These strate-
gies included innovative simulation activities, role plays, discussions, and a variety of 
group activities. Technology was used in the projects in a variety of ways including 
comprehensive platforms for structuring content delivery (Tal, Kali, Magid, & 
Madhok), to support student collection of scientific data (Evagorou), and to provide 
student access to varying perspectives on the issue under consideration (Sadler, 
Klosterman, Topcu). Teachers and curriculum designers also used strategies more 
typical of traditional science classrooms like lecture, laboratory exercises, and guided 
inquiry activities. The take home message is that there is no one way to deliver SSI 
instruction; educators need to carefully consider their contexts, their learners, and the 
nature of the issues they want to present in order to optimize SSI education.

Teachers

An important theme that emerged in multiple chapters relates to the challenging 
nature of creating and delivering SSI education. We see several examples of teach-
ers struggling with aspects of SSI education enactment (Dawson; Puig & Jiménez-
Aleixandre; Simon & Amos; Wong, Wan & Cheng; Zeidler, Applebaum & Sadler). 
Teaching science through SSI is challenging work that requires commitment and a 
willingness to struggle with uncertainties. Teaching science such that the represen-
tation of science content is the exclusive or at least primary focus is much easier 
than assuming the challenge and “messiness” of SSI.
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Teachers struggle with SSI instruction in all of these cases (cited above) but they 
also show signs of development as professionals. We see evidence of teachers skep-
tical of an SSI approach come to embrace the approach (Simon & Amos), teachers 
who initially struggle come to design their own SSI units (Wong et al.), and teach-
ers who declare their students incapable of sophisticated reasoning transform to 
become passionate advocates of SSI approaches (Zeidler et al.). All of the cases 
that document teachers’ struggles also document teacher and student successes. 
SSI-based education is not a magic bullet for science education; it is a difficult 
strategy to use but the work presented in this volume documents that teachers from 
many different backgrounds working in very different situations can succeed with 
appropriate supports.

Student Interest

Several of the chapters document student interest in learning science through SSI 
(Dawson; Eastwood et al.; Evagorou; Simon & Amos; Tal et al.; Zeidler et al.). As 
I mentioned earlier in this chapter, student interest in the issues under consideration 
is important for successful implementation of SSI-based education. The chapters 
presented here offer evidence of the potential of embedding science instruction in 
SSI as a means of generating interest and enthusiasm among learners. Although 
there is one chapter (Sadler et al.) that suggests that students were indeed engaged 
in learning activities, it questions the extent to which the focus on SSI was the most 
important factor in generating engagement and interest.

Learning Outcomes

The research presented in these chapters also documents several student learning 
outcomes associated with SSI-based education. Several projects document student 
learning of science content through explorations of SSI. Content areas ranged from 
genetics (Puig & Jiménez-Aleixandre; Tal et al.) and reproductive biology (Dawson) 
to environmental science (Evagorou; Simon & Amos) and chemistry (Sadler et al.). 
Two of the studies focused on student understandings of nature of science (NOS) 
and offered examples of how SSI-based education can support development of more 
sophisticated ideas of NOS aspects (Wong et al.; Zeidler et al.). A few chapters also 
present evidence suggesting that SSI-based education can raise ethical awareness 
and sensitivity among students (Dawson; Eastwood et al.; Zeidler et al.)

Many of the projects focus on student engagement in higher order reasoning, 
argumentation and/or decision-making processes. Most of the projects suggest that 
students in SSI interventions showed improvements in these higher order cognitive 
processes. Eastwood and colleagues found that undergraduates engaged in long-term 
(4 years) explorations of SSI demonstrated higher quality reasoning than their peers 
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who had less exposure to SSI-based learning opportunities. Evagorou documents 
ways in which student use of evidence for argumentation improves over the course 
of a SSI unit. In the study by Zeidler and colleagues, students learning science 
through SSI show significant gains in reflective judgment. Finally, the students in 
Dawson’s study become better able to reason through complex issues and appreci-
ate the varied perspectives and views pertinent to particular SSI.

In looking across the chapters, there is a sense that students engaged in SSI 
learning experiences can become better prepared to deal with science-related 
issues in their lives. The learners featured across the projects tended to become 
more aware of issues, better equipped with relevant scientific information, and 
more experienced with the practices necessary for negotiating complex SSI. 
Overall, students became more scientifically literate as a result of learning science 
through SSI.

Open Questions

Most good research answers some questions while raising others. Each of the chap-
ters featured in the volume discuss implications of the individual projects including 
some of the unanswered questions. In this section of the volume’s final chapter, I 
revisit some of the questions that emerge across the chapters and that offer the sci-
ence education community new ideas for advancing the SSI agenda.

Assessment is an issue that emerges frequently in the chapters as well as the 
supporting metalogues. Assessment questions relate to how best to assess student 
practices associated with SSI both in classroom teaching contexts and research 
contexts. The practitioners and researchers whose work is featured in this volume 
use a variety of argumentation (e.g., Evagorou; Simon & Amos) and reasoning 
(e.g., Eastwood; Sadler et al.) constructs and associated rubrics and scales to docu-
ment student practices and growth in those practices. However, as pointed out in 
multiple metalogue discussions, the assessment tools currently in use could be 
significantly improved. As a community, we need better measures of student 
engagement in SSI learning experiences and more valid assessments of growth. In 
essence, we are highlighting the long-standing problem of assessing scientific lit-
eracy. While the contributions of this volume offer some suggestions for moving 
forward (e.g., particular ways of using argumentation frameworks and the presenta-
tion of “socio-scientific reasoning”), much work will be needed to address the 
conceptual and pragmatic challenges associated with assessing student learning and 
practice in the context of SSI.

Another important question relates to the nature of the partnerships featured 
across these chapters. In almost all of the projects presented, teachers and univer-
sity-based researchers form strong partnerships to facilitate the work done. In some 
cases, these collaborations resulted in customized curricula uniquely suited to indi-
vidual classrooms. In other cases, university-based educators helped classroom-based 
educators translate and/or implement innovative curricular materials. The extensive 
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nature of these relationships and the positive project results provides evidence that 
SSI can serve as effective contexts for education under ideal or at least very favor-
able conditions. Collectively, the results highlight the need to explore SSI-based 
education in less-than-ideal conditions. How can SSI-based education efforts be 
replicated in situations where classroom teachers do not have the benefit of collabo-
rations as extensive as those featured in this volume? What kinds of systems can be 
created to support teachers and the facilitation of classroom explorations of SSI? 
As discussed earlier, implementing SSI-based education is challenging work that 
demands a lot from teachers. So it stands to reason that new models for teacher 
education to support these kinds of classroom practices are certainly warranted. 
Understanding how different models of professional development for in-service 
teachers can be used to support teacher practices around SSI-based education 
would be very valuable. Furthermore, research to address whether or not the sci-
ence teacher education community should present SSI-based education as a stan-
dard aspect of preservice science teacher education and if so, what kind of emphasis 
it should receive would be equally informative.

One point that emerged in multiple chapters was the importance of modeling 
desired practices for students whether those practices were framed in terms of argu-
mentation, decision-making or reasoning. Authors consistently highlighted the 
significance of teachers and curricula providing learners with access to examples 
and models of what it means to engage with SSI in informed ways. Additional work 
aimed at understanding how to optimize learner experiences with these kinds of 
models and how best to create these models would be very useful.

The final question I wish to direct attention to in this section relates to how much 
SSI is enough to foster scientific literacy. This is an issue that I alluded to in the 
introductory chapter, resurfaced implicitly in a few other chapters and was dis-
cussed directly in one of the metalogues (Zeidler, Bell, Sadler, & Eastwood). The 
question of how much attention ought to be focused on SSI in science classrooms 
is an important one, and one for which the community has limited empirically 
based answers. As advocates of SSI-based education, most of the contributors to 
this volume would likely argue that SSI does not receive the attention and class-
room time that they warrant in most schools. But we really do not have good 
answers for questions related to how much classroom time and effort ought to be 
devoted to SSI in order to achieve the progressive goals of the SSI movement. 
Research that could help to address these issues would help the field move forward 
particularly in terms of affecting practice in science classrooms.

Models for SSI-Based Instruction

When I began the work of planning this volume, I decided that including a conclud-
ing chapter would help tie the project together. My initial thoughts were that I could 
synthesize some of the main research findings and highlight some important 
questions that remain unanswered (not unlike the beginning of this chapter). 
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But then two things happened that lead me to think that this chapter could offer 
something more than simply tying together the main themes of the book. First, I 
had an opportunity to see a presentation by Ingo Eilks (2010) in which he described 
a series of classroom-based SSI research projects that he and his students had been 
working on in Germany. Eilks’ group had worked with several different teachers as 
they used a series of controversial, socially-relevant issues as contexts for science 
education and the promotion of scientific literacy. Eilks used these experiences 
across varying classroom settings to propose an instructional model for SSI-based 
education. Eilks’ model offered five steps for instruction:

 1. Problem analysis. In this step, students are presented with an issue of interest 
through media reports or other strategies that highlight the reality and relevance 
of the issue.

 2. Clarification of the science. Teachers help students understand the basic science 
underlying the issue.

 3. Refocus on the socio-scientific dilemma. Students refocus their attention on the 
issue and the associated social problems or controversies.

 4. Role-playing task. Students assume roles for engaging in the negotiation of SSI. 
These roles may include parties to the issue debate or creators of media related 
to the issue.

 5. Meta-reflective activity. Students are encouraged to reflect on their overall expe-
riences with the issue and the underlying science.

Eilks’ model offered a relatively simple model for operationalizing what it means 
to teach with SSI. Teachers and curriculum designers could easily apply this model 
as they worked to create new SSI-related instructional units. Ultimately, the model 
makes the process of planning and implementing SSI instruction more manageable 
and therefore is very helpful. However, in thinking about how the model might be 
applied across broader educational contexts, I found it to be too prescriptive. For 
me, the fixed progression of steps could help inform how to approach SSI instruc-
tion in some settings but could also be overly restrictive. So while I certainly liked 
the idea of offering a model of SSI instruction as a means of making the integration 
of SSI in science classrooms more manageable, I thought that a more flexible 
model was needed. (It should be noted that Eilks was presenting the model that he 
and his group had used for guiding their work; he did not intend this to be a model 
for all SSI instruction.)

Earlier in this section, I mentioned that two things lead me to think about this 
concluding chapter as more than just a summary and synthesis of research findings. 
The first was Eilks’ presentation; the second was reading through the full collection 
of chapters submitted for the volume. As the editor, I had read multiple iterations 
of all of the chapters, but as I prepared to write this final chapter I read through the 
full complement of contributions in sequence. It became clear in this final read 
through that the authors offered several models for SSI instruction, many of which 
shared features with Eilks’ work and others deviated because of different contexts, 
purposes or foci. It also became clear to me that this diverse collection of projects 
could be used as the basis for generating a more general framework for SSI-based 
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education. (I am using the term “model” to reference specific guidelines for instruc-
tion such as those offered by Eilks. I use the term “framework” to reference less 
specific ideas upon which different models could be built).

An Emergent Framework for SSI-Based Education

Based on my experiences considering Eilk’s model and reflecting on the chapters 
prepared for this volume, I decided to use the various models offered within these 
chapters to inductively derive a framework that could be used to inform design and 
implementation of SSI-based education in various contexts. In order to achieve this 
goal, I reexamined the specific models presented in the chapters. Some of these had 
been clearly formalized in their original presentation (e.g., Tal et al.). In other cases 
(e.g., Puig & Jiménez-Aleixandre) I made inferences about the underlying instruc-
tional model based on the presentation of the project. After isolating the individual 
models, I looked across the models for recurrent themes and generated an extensive 
list of shared characteristics. Next, I condensed the categories and grouped the 
themes in a conceptually coherent fashion ultimately resulting in a hierarchical 
organization of emergent ideas. These sequential iterations of analysis and repre-
sentation were very similar to open and axial coding as described in grounded 
theory research (Strauss & Corbin, 1998). With the remainder of this chapter, I 
present the results of this work: an emergent framework for SSI-based education.

The emergent framework (graphically presented in Fig. 20.1) is made up by four 
primary aspects: design elements, learner experiences, classroom environment, and 
teacher attributes. Design elements refer to considerations important for the design 
of successful SSI-based education. Learner experiences represent the kinds of 
opportunities that learners ought to have access to during SSI-based education. 
Classroom environment refers to contextual features of the learning environments 

Design
Elements

Learner
Experiences

Classroom Environment 

Teacher Attributes 
Fig. 20.1 Graphic represen-
tation of the emergent frame-
work for SSI-based education
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that are necessary for successful design and enactment of experiences. Similarly, 
teacher attributes reference characteristics and practices that teachers should 
assume for successful implementation of SSI-based education. Design elements 
and learner experiences are situated centrally in the graphic representation to show 
these as core features of SSI education. Classroom environment and teacher attri-
butes are positioned more peripherally to indicate the role both of these elements 
play in shaping implementation of design elements and learner experiences. All of 
these aspects of the framework elements are described in greater detail in the sec-
tions that follow.

Design Elements

The first aspect of the framework relates to design considerations that practitio-
ners and curriculum authors should incorporate in their efforts to create units of 
instruction based on SSI. Essential and recommended design elements are repre-
sented in Fig. 20.2. Each of these elements will be discussed here in sequence. 
Fundamental to the idea of SSI-based education is the notion that teaching and 
learning will relate to a compelling social issue with connections to science. The 
second essential design element relates to the positioning of that issue within an 
instructional sequence. It is important to feature the issue early in the instruc-
tional sequence so that it can serve as a true context for science learning. It may 
be useful to present issues and cases following science instruction as a demon-
stration of how science content may be applied, but if the goal is to truly contex-
tualize the learning experience, as is the case for SSI-based education, then the 
issue needs to be highlighted at the outset of the experience. Engaging students 
in sophisticated argumentation, reasoning, and/or decision-making practices is a 
challenging goal, and it cannot be assumed that students will intuitively improve 
their practices in these areas. The projects featured in this volume that were most 

Essential Design Elements
1. Build instruction around a compelling issue.
2. Present the issue first.
3. Provide scaffolding for higher-order practices (e.g.
argumentation, reasoning and decision-making).
4. Provide a culminating experience.

Recommended Design Elements
5. Use media to connect classroom activities to the
"real world." 
6. Use technology to facilitate student learning
experiences. 

Design
Ele-

ments

Learner
Exper-
iences

Classroom
Environment

Teacher
Attributes

Fig. 20.2 Essential and recommended design elements for SSI-based education
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successful in supporting higher-order practices among students offered scaffolding 
and/or models from which to work. Providing targeted supports for and exem-
plars of desired practices such as argumentation and reasoning are necessary for 
the design of SSI-based education if affecting scientific literacy is an instruc-
tional goal. The final essential design element is the need for a culminating expe-
rience that provides an opportunity for learners to tie together what they have 
learned and relate those understandings and practices to the issue that has been 
explored. The culminating experiences featured in these chapters ranged from 
role-play and debate activities to the creation of formalized recommendations and 
service learning projects. The culminating activity may take multiple forms as 
long as the chosen strategy provides opportunities for students to reflect on their 
experiences and use what they have learned in making and representing deci-
sions, arguments, and/or other products.

In addition to these essential design elements, two other considerations emerged 
in some but not all of the chapter projects. These elements may be very useful for 
teachers and designers to consider, but their incorporation into the design of SSI-
based education is not absolutely necessary. The first point is that media character-
izations of the SSI under investigation can provide useful resources to help generate 
interest among students and to help draw connections between classroom represen-
tations of the issue and representations of the issue in the “real world.” Similarly, 
educators should consider leveraging technology to help learners access and 
explore SSI. Technology was used in a variety of ways in the chapter projects 
including as a teaching and learning platform, as a tool for collecting scientific data 
related to issues, and as a means of student exploration of information. Teachers 
cannot rely solely on textbooks or other traditional forms of content representation 
when featuring SSI in classrooms. SSI are, by definition, current and evolving 
issues and technologies can be very helpful in providing student access to these 
issues.

Learner Experiences

The learning experiences aspect of the emergent framework for SSI-based educa-
tion describes the kinds of experiences that students should have as they are 
engaged in SSI learning. Essential and recommended learning experiences are 
represented in Fig. 20.3. In order for SSI-based education to be successful, students 
have to have opportunities to engage in higher order practices associated with the 
negotiation of SSI. These activities may be framed in terms of reasoning, argumen-
tation, decision making, or position taking. The actual activity label is less impor-
tant than the fact that learners have opportunities to participate in one or more of 
these activities. In other words, it is not enough for learners to simply learn about 
SSI; they need to be engaged in higher-order practices associated with those activi-
ties. Students also need to have opportunities to confront the scientific ideas and 
theories that relate to the issue under consideration. Students may confront the 
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science of issues in a variety of ways as long as there are explicit opportunities to 
do so. In addition to exploring the science content of issues, students need oppor-
tunities to collect and/or analyze scientific data related to the issue. Scientific data 
are usually not enough to provide solutions to complex SSI, but data are essential 
for the informed consideration of these issues. Collecting relevant data may be dif-
ficult to orchestrate in classroom explorations of SSI, but technologies can provide 
students with access to data sets that can be analyzed and used in their decision-
making processes. The final essential learning experience relates to the social 
dimensions of SSI. Social considerations such as politics and economics are a 
defining element of SSI, and students need opportunities to explore these consider-
ations in SSI-based education.

In addition to the essential learning experiences, the emergent framework 
identifies two recommended learning experiences. The first recommended expe-
rience is actually an extension of the final essential experience. Ethical issues are 
one of the social considerations inherent to SSI. There is some debate (see the 
Wong, Zeidler, & Klosterman metalogue discussion) regarding the extent to 
which featuring the ethical tensions of SSI is a necessary element of SSI-based 
education. While exploring at least some of the social dimensions of SSI is essen-
tial for SSI-based education, an explicit focus on the ethics associated with an 
issue may not be absolutely necessary. Some of the contributors to this volume 
likely disagree with my placement of ethics in the recommended category, rather 
than the essential category. However, the volume does provide evidence of SSI-
based education that does not highlight ethical tensions. So, encouraging students 
to confront the ethics of an issue is certainly a recommended element of SSI-
based education, but it may not be absolutely necessary. Likewise, providing 
opportunities for students to consider nature of science (NOS) themes in the con-
text of SSI is certainly recommended for quality SSI science instruction but not 
necessarily essential.

Essential Learning Experiences
1. Engage in reasoning, argumentation, decision-
making and or position taking.
2. Confront the scientific ideas and theories related
to the issue being considered. 
3. Collect and/or analyze scientific data related to
the issue being considered. 
4. Negotiate the social dimensions of the issue
being considered. 

5. Confront the ethical dimensions of the issue
being considered. 
6. Consider nature of science themes associated
with the issue. 

Design
Elements

Learner
Exper-
iences

Classroom
Environment

Teacher
Attributes

Fig. 20.3 Essential and recommended learning experiences for SSI-based education
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Classroom Environment

Features of the classroom environment are one of the two framework aspects that are 
necessary for successful implementation of the two core aspects. Without a support-
ive classroom environment and a teacher exercising certain attributes, which will be 
discussed next, desired design elements and learning experiences cannot be imple-
mented effectively. Classroom environments that support SSI-based education will 
have established norms and expectations for student participation. These norms and 
expectations set the stage for a collaborative and interactive environment in which 
students and teachers can and do engage in discourse and scientific practices. In 
order for these interactions to be productive and engaging, it is important for all of 
the participants to demonstrate healthy respect for one another and the positions they 
advocate even if there are legitimate disagreements about those positions. High lev-
els of mutual respect tend to create environments in which students and teachers can 
feel safe in expressing their views and perspectives. SSI are controversial in nature 
and can create opportunities for heated disputes. Students and teachers need an envi-
ronment in which they can share their views and not fear ridicule or alienation for 
the expression of unpopular perspectives. These features are essential for classroom 
environments that support SSI-based education (Fig. 20.4).

Teacher Attributes

The final aspect of the framework relates to characteristics of teachers who are able 
to successfully facilitate SSI-based education. These essential teacher attributes are 
presented in Fig. 20.5. First and foremost, teachers need to be familiar with the SSI 
around which they build instruction. Beyond just simple familiarity, teachers need 
to be knowledgeable about the science content and aware of the social consider-
ations associated with the issue. Because we are talking about embedding science 

Essential Classroom Environment features

1. High expectations for student participation.

2. Collaborative and interactive.

3. Students and teachers demonstrate respect for
one another. 

4. Students and teachers feel safe within the
environment. 

Design
Elements

Learner
Exper-
iences

Classroom
Environment

Teacher
Attributes

Fig. 20.4 Essential classroom environment features for supporting SSI-based education
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instruction in SSI, it is necessary for teachers to understand the related science. 
There is less of a burden of expertise in the area of the social considerations associ-
ated with a particular SSI. While it is certainly important for a teacher to be aware 
of the social considerations, it is not necessary, nor is it realistic to expect, for teach-
ers to be experts on all of the political, economic, and ethical dimensions of SSI 
under consideration. Again, having these understandings would certainly help, but 
a teacher may not be expertly fluent in all of these areas, and yet, may still be able 
to present SSI learning experiences in productive and successful ways. It can be 
very helpful to develop collaborations with other educators who possess expertise 
in these other areas.

Although it is essential for a teacher to be familiar with an issue being featured 
in SSI-based education, being knowledgeable in the related science, and at least 
aware of the associated social concerns, no teacher (or anyone else for that matter) 
can possibly know everything that could be known about a particular issue. 
Therefore, it is important for teachers to acknowledge their own knowledge limita-
tions. Students need to understand that neither they nor their teachers can possibly 
have all the information or answers for SSI but that an important part of the process 
of thoughtfully negotiating SSI is seeking new information and understandings. 
The fact that SSI are open-ended problems that can be addressed in multiple ways 
leads to inevitable uncertainties. To be successful using SSI, teachers must be will-
ing to deal with some uncertainties in their classrooms. Unlike some traditional 
forms of science education where teachers know the answers to the questions they 
pose, SSI present questions for which teachers do not have answers and classroom 
situations that they may not be able to predict. Given these uncertainties, there are 
times within SSI-based educational experiences that teachers find themselves in 
nonauthoritarian roles. Sometimes teachers have to position themselves as inquirers 
and knowledge contributors on par with their students as opposed to the primary or 
sole authority of the classroom. For some science teachers, such as those who 
embrace inquiry-based approaches in their classrooms, this is a relatively easy 
transition to make. For others, who view their position as a disseminator of knowl-
edge, this transition can be more challenging.

Essential Teacher Attributes
1. Familiar with issues being considered.

a. Knowledgeable about science content related
   to the issue. 
b. Aware of the social considerations associated
   with the issue. 

2. Honest about knowledge limitations.

3. Willing to deal with uncertainties in the classroom.

4. Willing to position self as a knowledge contributor
rather than sole authority.  

Design 
Elements

Learner
Exper-
iences

Classroom
Environment

Teacher
Attributes

Fig. 20.5 Essential teacher attributes for supporting SSI based education
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Conclusions

At the outset of this book project, my primary goal was to bring together a diverse 
group of researchers working in the area of SSI to share the findings they are gen-
erating in classroom-based research projects. A secondary goal was to facilitate 
conversations among these researchers to help problematize important issues and 
challenges for the field. My intent relative to both of these goals was to contribute 
to the empirical knowledge base of the field. I believe that the other contributors 
and I have accomplished these goals through the presentation of the research chap-
ters and associated metalogues. I leave it to the audience to determine how well we 
accomplished these goals and whether the advances made are substantive enough 
to prove valuable.

Using the classroom-based research projects as a basis for deriving a framework 
for SSI-based education was not an a priori goal for the book. However, the collec-
tion of projects and the common themes that were addressed in all of the chapters 
like detailed descriptions of the nature of the interventions studied and development 
of relationships between teachers and researchers (see Chap. 1) provided the kinds 
of information necessary for deriving an emergent framework. Although develop-
ing a framework for SSI-based instruction may not have been an initial aim of this 
project, such a framework is desperately needed if the science education commu-
nity intends to advance the SSI agenda beyond the realm of theory, academic 
research, and very isolated pockets of practice. If we are serious about extending 
this work such that it impacts science teaching and learning more generally, we 
must work to develop new tools for helping teachers and curriculum designers situ-
ate SSI in classrooms (Sadler, Amirshokoohi, Kazempour, & Allspaw, 2006; Sadler 
& Zeidler, 2009). The emergent framework presented offers design and implemen-
tation principles that could be of use to educators interested in transforming school 
science through SSI.

The framework does not offer simple prescriptions for using SSI; it does not 
provide a lock-step sequence of teacher and student activities. Contextualizing sci-
ence education in SSI is too complicated an endeavor to be reduced to a list of 
simple steps. In order to be useful across multiple contexts, a framework has to be 
general and flexible enough to account for variance in the issues themselves, learn-
ing goals, classroom situations, etc. Because the framework described above was 
generated from very different teaching and research contexts, it naturally possesses 
a degree of flexibility. Whether that flexibility is sufficient enough while not being 
too ambiguous to provide value to practitioners remains to be seen. New research 
will be necessary to explore the extent to which the framework can be of use to 
science educators and ways in which the framework can be improved. I believe that 
the framework provides a new tool with potential for advancing the SSI agenda but 
here again, the audience will be the ultimate arbiters of its utility.

In Chap. 1, I highlighted two fundamental questions for the science education 
community: (1) What should the goals of science education be? and (2) How can 
these goals best be achieved? The first question is normative in nature and the 
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volume’s contributors and I have offered some perspectives on this issue. We view 
science education as an opportunity to support student development as competent 
and informed citizens capable of engaging in the negotiation and resolution of chal-
lenging societal problems particularly when those problems intersect with science. 
Given a particular perspective on the first question, the second question can be 
addressed through research. The individual studies featured in this volume provide 
evidence pertinent to this question. The synthesis of individual findings and deriva-
tion of a framework for SSI-based education yields additional evidence that informs 
ways in which science educators may use SSI to support progressive aims of 
science education.
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